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ABSTRACT 

" 

The regulation of in vitro organogenesis was investigated 

in two tissue culture systems of Nicotiana tabacum L. cv. Wise. 

38, one employing thin epidermal explants excised from 

superficial tissues of the tobacco stem, the other employing 

leaf disks excised from fully' expanded tobacco leaves. The first 

system was used to quantitate a gradient of in vitro floral 

organogenesis ât three developmental stages of flowering tobacco 

plants. The second system of tobacco tissue culture was 

developed f9r the purpose of this tn~sis. It was demonstrated 

that on appropriate media, the leaf disk explants produced a 

vigorous and rapid organogenetic response consisting of 

vegetative shoots and propagation nodules. The system was easily 

manipulated by exogenous hormones, and the leaf disk e~plants 

were both highly productive and homogenous in their response. 

The mode of exogenous hormonal regulation of vegetative bud, 

root, nodule, and callus formation was established. Also 

experimentally established and reported in this thesis are the 

extent to which plant imposed factors affected organogenetic 

expression, the propagation potentia'l of the leaf disk system, 

and the morpho~ogical development of organogenesis in the 

system. 
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Résumé 

L~ régulation de l'organogén~se de Nicotiana tabacum L. 

cv. Wisc. 38 a été analysée, in vitro,,\ suivant deux syst~mes 

différents: l'un utilisant des explantats épidermiques minces 
\ 

prélevés à,la' surface de~ tiges, l'aut~e utilisant des disques 

foliaires provenant de feuilles ayant atteint leur taille 

maximum. Le premier syst~me avait pour but de quantifier un 

gradient dlorganogén~se florale in vitro, à partir de trois 

stades de développement du tabac en période de floraison. Le 

deuxi~me'syst~me fut élaboré pour les besoins de cette th~se. 

Il a été démontré que, sur un milieu de culture approprié, les 

iv 

explantats de disques foliaires produisent une réaction organo~ 

génétique rapide et vigoureuse, consistant en pousses végétatives 

et nodules de propagation. Ce syst~me a été facilément contrôlé 

par l'apport exog~ne d'hormones; de plus, la réaction des 

exp1antats foliaires fut à la fois tr~s homog~ne et abondante. 

Le mode de régulation hormonal exog~ne, lors de la formation des 

bourgeons vég€tatifs, racines, nodules et cals, a été établi. 

De plus, d'autres faits ont été établis expérimentalement et 

d§crits dans cette thêse: l'importance_considérable des facteurs 

endog~nes dans l'expressi?n organogénétique, le potential de 

propagation du syst~rne de disques foliaire et le développement 

morphologique de l'organogén~se du syst~me. 
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I. INTRODUCTION 

The "phenomenon of biological development, whether plant or 

animal, i5 an extremely complex subjeét that rernains à largely 

unresolved challenge for modern biologists. Biologicai 

development is the resuit of the interaction of two processes, 

growth and differentiation. Growth represents the irreversible 

increase in size of the 'whole or part of an organism. 

DifferentiaI growth along certain axes, uI;lder rigorous control 

mechanisms, de termines the external form of an 'organ, and 

ultimately, the morphology of an organism. Differentiation 
~ 

represents quali tative differences between cells, tissues, and 

organs, as weIl as the many complex control mechanisms which 

ùltimately de termine their functions. The comp1exity of " 

development arises from the multiple, intricate interactions 

between control mechanisms involved in growth and differentiation 

at each level of the orgà:nism,,' from cell to who1e organism. 
1 

Plant tissue culture has evol,.ved as a sirnplified approach 

to the enorrnously complex study of plant development and 

organogenetic regulation. Si~plification is achieved by dividing 

the organism into its componen;t organs, tissues, or ce1l5, and 
\ 

growing them in asceptic cul tu'res . Thus, the complexi ty of 

" ~ 
deve10pment can be reduced thrQugh the isolation of certain 

components of the deve1opmental'\ system, thereby eliminating sorne 
i 

of the comp1ex physiologicai anÇi biochemical interactions between 
\ 

organs, tissues, and cell types;, or by eliminating sorne of thè 
[1 , 

i' 
\. 
l, 
[ 
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developmental controls imposed by the whole plant. Since its 

advent a t the turn of the century '1.,- plant tissue culture has 
, 

yielded a wealth of information on biological controls in plant 

development, especially in the elucidation of factors regulating 

plant organogenesis and morphogenesis. 

The qbject of this research was to investigate factors 

regulating in vitro organogenesis in two tissue culture systems 

of Nicotiana tabacum L. cv. Wise. 3Bi one employing thin 

epidermal explants from the tobacco stern, the other using disks 

excised from tobacco leaves. 

The first system, the culture of epidermal explants excised 

from the stem and, floral branches of tobacco, was developed by 

Tran Thanh Van and coworkers (see Literature Re~iew). It'was of 

particulàr interest since it was reported to show potential for 

direct floral organogenesis without intermediary callus 
~ . 

formation, and furthermore, to show,- in a precise quantitative 

manner, a gradient of in vitro f~oral potential along the tobacco 

stern. This gradient is expreœsed in Nicotiana by an increasing 

te~dency fo~ stern explants to R~oduce floral buds in vitro as the 

excisïon locus approaches the floral apëx of the flowering 

tobacco plant, along with a concomitant decreasing tendency for 

the explants to produce vege~ative buds. The system of epidermal 

" stem explants', as described by Tran Thanh van, seemed to be ideal 

for a precise, quantitative investigation of sorne of the factors 

regulating floral and vegetative organogenesis. Therefore, the 
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research comprising the initial part of this thesis was focused 
1 

on quantitative analysis of the floral gradient in tobacco since 

the gradient itself is, presumably, an expression of factors 

influencing vegetative and floral organogenesis within the 

tobacco plant. 
,1 

However, the research undertaken here on the gradient posed 

serious and apparently!insurmountable problems, since the organo-

genetic response proved to be unpredictably variable and more 

camplex than anticipated. In mast cases the yield af explants 

showing organagenesis was too low for meaningful analysis. While 

thousands of explants were excised and plated for these 

experiments, very low yields of organogenetic explants were 

achieved (0% in sorne experiments). The low yield was due to 

explants necrasing early in culture and/or ta lack of any 

arganogenetic response. Hence, it seemed it would be impossible 

to achieve appropriate numbers of experirnental replicates for 

statistically valid analysis of the subtle physiological factors 

influencing organogenetic mechanisrns. This problem was further 

augrnented by the fact that the system turned out ta be ' 
Q 

considerably more complex than reported by Tran Thanh Van. She 

reported that the epidermal explants simply.showed direct 

organogenesis from the subepidermal layer of cells (1973, 1974; 

refer to Literature Review), while the research for this thesis 

showed that the system apparently involved at least six orga~o

genetic processes. 

In spite of the problerns' encountered in the gradient 

{ 
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research using epidermal explants, sorne results were obtained. 
, , 

These incIU~d a quantitative analysis of the effect of the 

development4l stage of the donor plant on the 'gradient, a 

qualitative ~nd quantitative description of the six organogenetic 
" 

processes observed in the culture system as weIl as their 

relative eapacities for expression of the gradient, and the 

effect of aicohoi sterilization and expIant excision locus on the 

capacity for organogenesis. These results are given in Section 

IV-lof the thesis. 

Because the epidermai expIant system proved ta be tao 
. . 

inefficient and inappropriate for the research into the 

regulation of organogenesis as envisioned here, a second system 

was developed. This system employed 12.7 mm leaf disks excised 

from tobaeco leaves. Other than in the choice of expIant type, 

the culture system was similar ta the on~ for epiderrnqi expIànts. 

That is, the same type of donor pl~nts, cu~ure media, and 
l' ~ '" 

culture conditions! were retained t~- the,hope of maintaining a 

situation in which the.physiological gradients associated with 
\,. 

flowering r Nicotiana could still be expres·sed. 

~he leaf disk system was chosen for testing sinee it had, 

or proved ta have, many obvious advantages: 1) Large numbers of 

explants could easily and quickly be generated using an 

" appropriate disk cutting tool, with complete size uniformity 
. -# 

(which was not the case with the epidermal expIant system) . 

2) A tobaceo plant could yield severai orders of magnitude more 

explants from its leaf tissue than from its stem tissue, since 
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the leaf area of a tobacco plant far exceeds the stem surface 

area. Consequently, much more research material can be generated 

in limited facilities when using leaf disks as compared to stem 

,epidermal explants. 3) The explants showed 100%' viability (he~ 

no necrosis). 4) There was an in vitro growth response of IOO~ 

(i.e. aIl the explants produced organogenesis). In other words,. 

large numbers bf experimental replicates could very easily be 

generated with the leaf disk system. 

The object of the research using the leaf disk system was 

similarly to investigate factors regulating in vitro organo

genesis, originally in hopes of investigating factors associated 

with physiological gradients as observed in tobacco stem culture. 

However, the experiments did not reveal any evidence of 

physiological gradients in leaf tissue of tobacco, nor any 

apparent ability for floral organogenesis. Consequently, the 

experimentation was focused on providing a basic description of 

this system and evaluating its potential as a research vehicle 

for further studies on the regulation of in vitro organogenesis. 

This thesis therefore reports on exogenous hormonal' 

regulation of ~egetative bud, root, and callus formation from 

tobacco leaf disks, the effect of various plant imposed factors 

affecting organogenetic expression, the propagation potential of. 

th~ leaf disk system, and morphological analyses of two of the 

organogenetic processes observed in the leaf disk cultures. These 
1 

results are presented in Section IV-2 of the thesis. 

For both culture systems, epidermal explants and leaf 
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disks, an explanation,of sorne of the issues is giveR along with 

the relevant results in order to achieve the most appropriate 

presentation of data. 

\ 
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II. LITERATURE REVIEW 

1. Historlcal Review 

Plant tlssue culture has its origin in the ideas of 

Haberlandt, a German botanist who in 1902 pred~cted the 

possibility of culturing isolated plant cells (though he was 

unsuccessful in achieving this himself) which would thus 

demonstrate the totipotency of plant'cells. His ideas were far 

in advance Bf his tirne; sorne of his predictions were not 

experimentally tested and proven correct unt~l half a century 

later. For example, Haberlandt had proposed such things as the 

use of embryo sac fluids (such as coconut milk) for inducing cell 

divisions in vegetative cells, the possibility of embryogenesis 

in vitro fr6m vegetative cells, the potential use of cell culture 

to investigate the properties of cells, and the use of plant 

tissue culture as a potential experimental system for 

investigating "~nterrelationsh~,ps and complementary influences to 

TN'hich cells wi thin a mul t~cellular whole organism are exposed" 

(historical review in Vasil and Vasil, 1972). 

Though Haberlandt had in 1902 introduced the concept of 

plant cell, tiss~e, and organ culture as experimental systems for 

investigating various aspects of plant dev~lopm~t, it was not 

until 1934 that the first successful cplture was established . 

• 
Th~s was the culture of excised tomato roots by Whlte, who 

/, 

demonstrated that roots would grow and differentiate ~n culture 
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if given the appropriate nutrients. Four years later, carrot 

phloem was successfully cultured by Gautheret. Both cultures 

are still being grown and thus have been maintained in vitro for 

nearly half a century. (Historical review in vasi~and Vasil, "".-;,;."" 1 \. 

1972; Wareing and Phillips, 1978). 

Plant tissue culture has grown enormously in the last 

fort y years. Today there are many plant species in culture and 

many scientists using plant tis~ue culture to study the 

regulation of developmental processes. Just a few brief 

historical highlights will be given in order to place the 

research of this thesis in proper perspective. 

In 1941 Van Overbeek, a Dutch plant physiologist, 

discovered that coconut milk acted as a potent growth stimulator, 

accelerating the development of plant embryos and promoting the 

growth of plant cells and tissues in vitro. These discoveries 

hinted at the presence of som~ type of growth regulator in plants, 

which, years later, was identified as cytokinin, a class of 

plant growth regulators which stimulate cell division. Folke 

Skoog and his coworkers at' the University of Wisconsin provided 
>" t .. l, 

clear evidence for the in vitro requirement for what became 

called cytokinins with stem segment cultures of Nicotiana tabacum 

:j:.. Though the stern segments initia.lly grew well in a culture 

medium containing appropriate vitarnins, mineraI salts, and sugar, 

growth soon slowed or stopped. This suggested that sorne growth 

stimilus, originally present in the tobacco stem, had become 

exhausted. 'Addi tion of lM (indole-acetic acid) did not help. 
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However, addition of coconut milk to the stem cultures diq 

induce the cells to resume division and growth. In' the early 

1950's ~ork by c.a. Miller, a postdoctoral fellow in the 

laboratory of F. Skoog, 19d to the identificâtion and isolation 

of a degradation product of animal DNA which could replace the 

effect of coconut milk in s~imulating in vitro growth. This 

product was named kinetin, and is a synthetic member of the 

cytokinin class of plant growth regulators." A number of other 

\\ ".rel-a-teQ-S!0mpounds wi th cytokinin properties were soon synthesized. 
'~ ~ 

'As kinetin, tbey are aIl similar in structure to adenine, a 
" 1 ~ 

puri~ pr~se~~ in D~~ In 1964 the first naturally occurring 

cytoki\in, z~~tin, was~olated from corn kernels by D.S. Letham 

and C.Q. Miller (repo:ted ~5). 
In 1957 work by F. Skoo~nd C O. Miller showed that 

~ 
varying the relative concentration~o 

either root, shoot, or completely 

cultured tobacco pith tissue. 

resulted 

growth in 

Conourrent with Skoog's work, research by F.C. Steward on 

in 

various plant tissue cultures similarly indicated that there are 

no specifie regulating substances in plant development, but 

rather that regulation is achieved by the appropriate relative 

~oncentrations of naturally occurring growth sUbs~nces or their 

synthetic substitutes. For example, of p~ti~ular significance 

was the discovery by Steward and coworkers of embryogenesis in 

carrot cUlturj' (The first in vitro embryoids were actually 

reported-'''oy-'Reinert in 1958, also in car rot cultures.) Steward 

'/ 
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found that cultured carrot ~ells, when appropriately treated with 

~he correct balance of nutrition and growth regulators, would 

undergo normal ernbryological developme~t, producing roots, ~ , 
, 

shoots, and eventually mature plants with flowers. Since then 

in vitro ernbryogenesis has been observed in many other plant 

genera and species, such as Nigella (Banerjee and Gupta, ~975b), 

Panax ginseng (Chang and Hsing, 1980), Nicotiana tabac~ 

(Prabhudesai and Narayanaswamy, 1973), and Antirrhinum majus 

(sangwan and Harada, 1975), plus in at 1east 70 more plant ~ 
species, described in many excellent reviews such as those by 

Vasil and Vasil, 1972, and H.W. Kohlenbach, 1978). 

Such research using plant tissue culture as an experimental 

system for investigating the processes·of development has 

provided much evidence to support the hypothesis that the 

induction and maintenance of orderly development (that is, the 

control of normal plant growth) is largely a resul.t of the 

appropriate balance of growth regulators along with the 

~appropriate nutrition (sugar, mineraIs, vitamins). 

However, it must be mentioned that plant tissue culture has 

provided more than just an experimental system for research into 

plant development. It has also provided many important 
} '- ' , 

h9rticultural, agricultural, and indus trial benefits. These 

benefits are weIl described in many excellent reviews such as 

\ 
those by Murashige, 1974~ Pierik, 1975~ Holdgate, 1977~ 

M ashige, 1977; 

\\1977; 

\ 
Narayanaswamy, 1977~ Spiegel-Roy and Kochba, 

\ 

978; and Zenk, 1979. A few high1ights of these 

\ 
'\ 
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benefits will be given along with sorne plant examples that were 

randomly selected for purely illustrative purposes and are not 

meant to be comprehensive listings. 

In plant breeding programs, plant tissue culture can 

provide a methodological basis for genetic improvement of plants. 

This can'be achieved by providing material for mutation induction 

and screening of new genotypes faster and more economically than 

by traditional in vivo methods, by quickly generating large 

numbers of clones of a desired genotype, and by producing non-

chimaeral mutants,'haploid plants from anthers, and multiple 

chromosome-number plants not usually available from traditional 

in vivo methods (example: Antherrium, Begonia, Boston fern, 

Citrus, Freesia, Lily, Nicotiana, orchids, Saintpaulia, straw-

berry) . 

~Other horticultural and agricultural benefits include the 

rapid èlonal propagation of plants when vegetative propagation 

in vivo is slqw, non-profitable, or simply not possible 

(examples: Boston fern, Gerbera, hyacinth, orchids). 

Yet another benefit is the production of plant material 

free of pathogens, namely viruses, molds and nematodes (examples: 

Chrysanthemum, Citrus, Dianthus, Freesia, Lily). 

Ihdu~trial benefits include the potential use of plant 
~ 

tissue culture fo~ass production of vâluable secondary 

metabolites for medibal, industrial, and agricultural usage. 
~ 

These metabolites include,plant products such as steroids, 

morphine, codeine, atropine, caffein, glutathione, and 

,,-
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ginsengoside, just to name a few. 

Thus, since its theoretical conception at the turn of the 

century, plant tissue culture has grown enormously and now has 

important impact in man y flelds of research: plant development, 

biochemistry, physiology and geneticsi as weIl as significant 
Q -

economlC impact in horticulture, agriculture, and industry. 

2. Regulation of in vitro Organogenesis 

• Many factors are known to have an ef}ect on in vitro 

regulation of organogenesis. These factors can be broadly 

grouped into two classes: plant imposed factors and 

experimentally imposed factors. Naturally these two classes 

lnterrelate in their determlning effects on organogenesis. Sorne 

of the main plant imposed factors are the genetic make-up of the 

donor plant, its physiological state, the tissue origin of the 

expIant, the cell age of the expIant, and inter-tissue and 

inter-cellular correlations wlthin the expIant. Sorne of the 

experimentally imposed factors are the composition of the culture 

medium (~ nutrition: carbohydrate source, pH, osmotic 

pressure, and hormones) and the culture environment (~ culture 

matrix, temperature, and light). These factors will be briefly 

discussed below in view of current literature on the subject. 

: 
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i. Plant imposed factors ~ 
\ 
f 

The genetic make-up of the donor plant: Organogenetic 

capacity and factors affecting organogenetic expression in vitro 

are determined by the genetic composition of the donor plant; 50 

that different s~ecies and even different cultivars of the same 

species show different organogenetic responses under similar 

culture conditions. Thus, the specific culture conditions 
\ 

optimal for induction of a particular form of o'rganogenesis is 

very much a function of genotype. 

For example, in propagating Freesia plantlets from 

adventitious buds produced ~ vitro, Pierik and Steegmans (1975) 

found different organogenetic responses in aIl ten cultivars 

tested. 

In testing the morphogenetic potential of callus of stem 

and leaf origin from two species of tobacco as weIl a~ two 

" 
cultivars of Nicotiana tabacum, Chailakhyan, Bavrina and 

Konstantinova (1977) found floral buds only on callus derived 

from explants of the day-neutral cultiva~. 

On the other hand, workers with Tran Thanh Van found that 

a day-neutral hybrid of tobacco produced by crossing Nieotiana 

tabacum L. ev. Samsun with ~. sylvestris had reduced flowering 

capacity, thus ascertaining that total floral organogenetic 

capacity (~ ~OO% de ~ flower formation) is not specifie 

to aIl day-neutral cultivars of Nicotiana (Tran Thanh Van and 

Trinh, 1978). This was recent1y further substantiated by other 
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hybridization'studies in which a long-pay hybrid was produced 

which showed in vitro floral pptential (Kamate, Cousson, Trinh 

and Tran Thanh Van, 1981). Together these studies show that the 

actual photoperiodic requirement of the donor plant is not 

directly related to the potential for ~ vitro floral expression 

, " in Nicotiana. 

Moreover, there are even more subtle genetic intluences 

present în sorne tissue culture systems. There are cases where 

eve~ for the same cultivar sorne genetic lines show certain 

organogenetic traits not expressed in other genetic lines of the 

sarne cultivar; for example, Pisum (Tran Thanh Van and Trinh, 

1978, and references therein). 

Thus, there must be very subtle genetic factors, as weIl as 

the,more obvious inter-species genetic factors, which have a 

de teimining role in regula tion 0 f organogenes is in vi tro. 

The physiological state of the donor plant: In many tissue 

culture systems it is known that the physiological state of- the 

donor plant has an important determining role in the in vitro 
/ 

expres,ion of organogenesis. For insnance, for sorne plant 

species\and genera, floral organogenesis in vitro is only 

observed when the donor plant has previously been florally 

induced (~ is in the f.lowering state). This observation has 

been reported for several species of Begonia by Ringe and Nitsch 

(1968), for example. 

The requirement for donor plants to be in the flowering 
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, 
state in order to obtain in vitro floral organogenesis has been 

o 
reported by several workers for Nicotiana tabacum: for example, 

Chouard and Aghion, 1961, using cultured stern segments of 

tobacco, and Konstantinova et al., 1974, using tobacco callus 

cultures. In ~~e laboratory of Tran Thanh Van using thin 

epidermal explants excised from floral branches of tobacco, it 
o 

has been shown that for sorne species of Nicotiana and certain 
'-

, C~1~iV1s of N. tabacum that the de novo and direct flower 

formation is 
1 

only' expressed at a precise physiological stage, 

namely after fertilization of the terminal bud on the donor plant. 

Thus, for a given genotype of tobacco, the physiological stage 

seems to be the deterrninant for the expression of flower forming 

ability (Tran Thanh Van, Thi Dien and Chlyah, 1974; Tran Thanh 

Van and Trinh, 1978). 

The tissue origin of the explant: The tissue origin of 

the expIant, with respect to both the tissue type and the excis~on 

locus on the donor plan~, is known to affect in vitro expression 

of organogenesis. 

It is weIl docurnented in many species that the different 

tissues of a plant show different organogenetic responses under 
l" 

similar culture conditions, or conversely, that the specific 

culture conditions (in particular, the type and concentrations of 

growth regulators)O optimal for inducing a specifie ,type of 
~ 

• ~organogenesis i5 a function of tissue type. For example, 

Banerjee and Gupta (1975a) found that calluses from root, stem, 



, 
1 

.... -, ... 

( 

" 

16 

and leaf tissues of Nigella sativa were aIl organogenetic, but 

that the frequency of diffe·rentiation and the appropriate media 

for inducing organogenesis differed for each tissue origine 

The in vitro culture of leaves, petioles and floral stalks 
'1. 

from flowering Begonia by Ringe and Nitsch (1968) led to floral . 
organogenesis when appropriate concentrations of cytokinin, 

adenine and auxin were suppliedi' however, the optimal concentra-

tion of these three substances varied for each organ, and even 50 

the frequency of floral organogenesis differed for each. 

It has also been observed that cultured stern sections of 

N,icotiana glauca dld not yield adventitious roots or shoots uhder 

the sarne culture conditions that induced cultures from shoot tips 

to do 50 profusely. Similar observations have been made for 

Petunia stem and shoot tip cultures (Murashige, 19]..4, and ,f 

references therein) . 

Besides the effect on organogenetic expression related to 

tissue type, there is also an effect in certain species 

associated with excision locus, namely the position on the donor 

plant from which the expIant originated. 

Such a positional effect has been weIl documented in 
/ 

various stem culture st~ies on flowering Nicotiana tabacum 

plants. The positional effect is seen as, an in vitro gradient of 

floral expression, in which the frequency of floral organogenesis 

inc~eases with increasing proximity of the excision locus to the 

flora~ apex of the donor tobacco plant. 
. 

This gradient was originally described by Aghion-prat (1965) 

ù 

L 
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who used entire stern segments, and has subsequently been 

confirmed by Tran Thanh Van (1973b) using thin epidermal explants 

and Hillson and LaMotte (1977) using peeled stem segments. This 

gradient has recently been st~died in relation to other 

physiological and biochemical gradients observed in the stems of 

flowering tobacco ~Tran Thanh Van and Trinh, 1978, and references 

therein) . 

The cell age of the expIant: Variations in organogenetic 

characteristics among explants, cell cultures, or callus 

cultures are sometimes correlated with, differences in .their 

physiological age and/or the extent 01 differentiation among 

their constituent c~ll~. 

For example, Hillson and LaMotte (1977) reported a 

progressive decline in organogenetic potential down the length of 
, 

the tobacco stem in their cultures of peeled stem segments, quite 

apart from the gradient of floral expression noted above. 

Specifically, they reported that higher excision loci (~ 

closer to the plant apex) showed more~vigorous organogenetic 

production, this possibly being associated with the younger cell 

age of tissues closer to the apex. 

Another example from Nicotiana tabacum tissue culture is 

"~- the in vitro study by Prabhudesai and Narayanaswamy (1973) using 

excised petioles. They found that explants from young plants 

were much more regenerative than those from older or mature 

plants. 

An exarnple in another species is the culture of Echeveria 
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elegani leaf explants: young leaves produce only roots, old 

leaves only shoots, and leaves of a median age both roots and 

shoots (~urashige, 1974, and references therein). 

Sorne callus cultures lose their organogenetic potential 

with repeated sub-culturing. For example, Banerjee and Gupta 

(1975b) found that their callus cultures from Nigella sativa 

root and stem tissues lost the ability for organogenesis after 

the eighth passage. 

Inter-tissue correlations within the expIant: As -suggested 

by observation of in vivo adventLtious regeneration ïn plants in 

which shoot buds generally arise from supèrficial cells of the 

aerial part of the plant, whereas roots originate from inner 

tissues (~perivascular cellsl, there exist inter-tissue 

correlations which play determining roles in the regulation of 

organogenesis in vitro. 

Studies in the laboratory of Tran Thanh Van on several 

plant species have provided evidence for inter-t'issue 

correlations (Tran Thanh Van, Chlyah and Chlyah, 1974; Tran Thanh 

Van and Trinh, 1978,' and references therein). For example, work 
-~ 

on various tissues, both singly and in combination, from stern 

segments ~f Torenia fpurnieri showed that the epiderrnal cell 

layer had organogenetic capacity that was only expressed when it 
\. 

was in direct or indirect contact with the subadjacent tissue. 

The sub-epidermal 'layer formed roots when cul tured alone, but 

formed roots and shoots when cultured in association with the 
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epidermis. Entire stem segments, which included vascular tissue, 

also only formed roots when devoid of the epidermal layer (Tran 

Thanh Van, Chlyah and Chylah, 1974, and references therein). 

Such results show the existence of both protagonistic and 

antagonistic correlations among tissues of an organ fragment. 

Inter-cellular correlations within the expIant: Many in 

'vi tro s tudies hCfye led to the conc lus ion' that a certain 

relationship between cells (that is, an orderly pattern of inter-

cellular organi~ation) seems to be a prerequisite condition for 

morphogenesis to occur. For example, sorne authorities believe 

that single cells in isolation do not develop directly into 

ernbryos. Rather, single cells that are potentially embryoidal 

are differentiated amongst cellular aggregates (which however may 

arise from divisions of single isolated cells), as evidenced by 

histochemical changes in the cells. Thus, it seems that sorne 

sort of inter-cellular interaction precedBs embryogenesis 

(Narayanaswamy, 1977, and references thereini Wareing and 

Phillips, 1978, and references therein). 

Another very common example of inter-cellular interactions 

in tissue culture is/that, in rnany cases, survival as well as 

rate of development in vitro is directly ~e1ated to the size of 

the explant (for exarnple, 1eaf disk exp~ants of tob~cco: 

J 
Mull'ins, Harsono and Batteh, 1976; and Murashige, 1974, and 

references therein). 

Another example of inter-cellular factors affecting in 



20 

vitro organogenesis is provided by work on Torenia fournieri in 

Tran Thanh Van's laboratory. Their results gave evidence for 
-. 

competition among cell division sites in small tissue pieces 

cultured in vitro: the formation of the firs,t buds limi ted aIl 

cellular activity within a certain distance thus preventing the 

initiation of new primordia as weIl as the organization of buds 

from existing primordia within this distance. This particular 

inter-cellular interaction was probably of a nutritional-hormonal 

and/or physical type and seemed to be associated with the 

basipetal transport and accumulation of auxin within the expIant 

tissue (Tran Thanh Van, Chlyah and Chlyah, 1974; Tran Thanh Van 

and Trinh, 1978). 

ii. Experimentally imposed factors 

There.are two general categories of experimentally imposed 

factors regulating ~ vitro orqanogenesis: those associated with 

the culture environment and those associated with the culture 

medium. Sorne of the main factors i~ each category will be 
\ 

briefly discussed below. 

The environmental temperature: In most tissue culture 

studies the temperature is simply kept at a constant 25 to 27°C. 

However, there have been s tudies Jin which tempera ture has been 

shawn to affect the' expression of .!E. vitro organogenesis. For 

example, in sorne tobacco callus studies it has been shawn that 



optimal shoot formation occurs at lSoe \(Murashige, 1974, and 

references thereinl. The morphogenetic ·diffe~entiation of 
~ 

unicellular hairs induced in vitro from epidermal cells of the 
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main leaf vein of Begonia ~ is temperature sensitive, both with 

respect to the explant environment and to the environment of the 

donor/plant prior to excision (Tran Thanh Van and Trinh, 1978, 

and references therein). In plants which show dormancy in vivo, 

the cultures may require cold treatment to prevent dormancy in 

the plantlets derived from the cultures; for example, Lilium 

cultures (Muras,hige, 1974, and references therein). 

The environmental light conditions: In most tissue 

cul tures 1ight is nee'ded to regulate the morphogenetic processes. 

Both the intensity and'duration of light may be factors affecting 

in vitro organogenesis, though the specifie optimal conditions 

are a function of the types of culture and organogenesis. For 

example, Tran Thanh Van et al. found that optimal floral bud 

formation on thin epiderma1 explants of tobacco occurred with 16 

-2 -1 hours of light at 52,000 ergs-cm sec (Tran Thanh Van, eh1yah 

and Ch1yah, 1974; Tran Thanh Van, 1977). In stem explants of 
[ 

tobacco, increased daylength Led ta increased bud formation 

(Hi11son and LaMotte, 1977). However, root organogenesis in 

epiderma1 exp1ants of tobacco was enhanced by dark conditions 

(Tran Thanh Van, Chlyah and Chlyah, 1974; Tran Thanh Van, 1977). 

Another somewhat unusual example is the culture of eichorium 1eaf 

sections in which optimal shoot formation occurred when the 
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cultures received three days of darkness followed by 37 days of 

constant light (Murashige, 1974, and references therein). 

Other factors associated with the light conditions in 

tissue culture are photoperiod and wavelength, the latter 

indicating a probable involvement of phytochrome in morphogenesis 

(Murashige, 1974, and references therein). 

The culture ~atrix: There are sometimes specifie matrix 

requirements for the production of specifie types of organo-

genesis. The matrix~requirement, liquid medium versus agar-

solidified medium, is possibly assoçiated with oxygen 

availability and requirements (Murashïge, 1974). In any case, 

the matrix requirement is definitely a function of the plant 

species, the exp1ant type, and the desired form of organogenesis. 

For example, Çousson and Tran Thanh Van (1981) found that thin 

epidermal explants of Nicotiana tabacum, which produced 100% 

floral organogenesis on an agar medium, did not pro duce any 

flowers (~produced vegetative shoots instead) when f10ated 

o~ a liquid medium identical except without agar. 

Liquid media are often more appropriate for shoot tip 

cultures (Holdgate, 1977); however, shoot tip cultures of 

Asparagus and Gerbera require initiation on agar media 

(Murashige, 1974, and references therein). 
l' , 

It has been demonstrated by several workers that Nicotiana 

callus cultures are induced to form shoots simply by transfer;ring 

the callus from a· solid to a liquid medium (Murashige, 1974,. and 

, , L 
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references therein). 

Nutritional factors in the culture medium: Genera11y the 

types and concentrations of inorganic salts and various organic 

additives (other than growth regulators) as defined by the most 
, 

eommon tissue culture media (fôr examp1e, the Murashige.and Skoog 

medium defined in Materials and Methods of this thesis) fulfill 

the nutritional requirements of most plant tissue and organ 

cultures. However, occasional1y a specifie type of culture may 

require other addit1ves (~'-mal t and yeast ext;ra~ts, coconut 

milk, banana pulp, orange and tomato juices, fish emulsion) to 

promote growth and differentiation (Murashige, 1974, and 

references therein). For example, Banerjee and Gupta (l975b) 

found that they cou1d induce embryogenesis in Nigella cultures by 

increasing the concentration of casein hydrolysate. Another 

spec~fic nutritional ~equirement associated with a specifie type 

of organogenesis ~s cited by Kohlenbach in a 1977 review on 

embryogenesis in which he reports reduced nitrogen as a 

requirement for somatic embryogenesis (Kolhenbach, 1977, and 

references therein). 

The carbohydrate source in the culture medium: Though 

normally sucrose or glucose at 2 to 3% is considered satisfactory 
<, 

for tissue culture (Murashige, 1974), several studies "in the last 

decade have shown that the concentration and type of carbohydrate 

used in the culture medium ma~ have a regUljting effect on 

organogenesis. For example, in thin epiderrnal explants of 
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tobacco, it was found ~hat, besides a specifie auxinjcytokinin 

requirement, optimal root organogenesis required a lowered (1%) 

sucrose concentration (Tran Thanh van, Thi Dien and Chlyah, 1974) 

or a lowered glucose concentration (Tran Thanh Van, 1977). Using 

the same system to tes t four monosaccharides, i t was found tha t 

optimal floral bud normation required specifie combinations of 

saccharose\ and glucose or fructose (Tran Thanh Van, 1977). 

The JH of the culture medium: Very litt le work has been 
1 , 

done correlating the pH of the medium with the regulation of in 

vitro organogenesis. Generally the pH of {ulture media fall in 

the range pH 5 to 6, wi th pH 4.5 to 7.0 representing the usuai 

limits of pH tolerated by tissue culture growth. However, in a 

very recent study on thin epidermal explants of tobacco, it was 

demonstrated that specifie pH's of the medium in association with 

exact auxin-cytokinin concentrations were necessary for floral 

organogenesis when liquid media were used (Cousson and Tran Thanh 

Van, 1981). 

Osmoregulatory factors in the culture mediUm: Osmoregula

tory factors affecti'ng in vitro organogenesis have been suggested 

by several studies, as reviewed by Tho~pe (1978): Thus, the 

sucrose conèentration effect, cited under "carbohydrate source" 

above, may be partly osmoticoin nature. The following examples 

are from Thorpe 1 s review: Osmotic requirements are known for 

zygotic embryo culture, cotton fiber growth in vitro, and de ~ 

shoot formation in tobacco calius. The tobacco calI us studies 
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showed that shoot formation increased with increasing sucrose 

concentration up to 3% (w/v), but was inhibited above 3%. 

Mannitol, which is taken up by tobacco cells but not metabolized 

by them, duplicated the inhibitory effect at 3%, thus supporting 

the hypothesis that the inhibition was osmotic in nature. 

~~-~Hormones in the culture medium: There are many grm.,th 

regulators known to affect o~ganogenesis in vitro, including 
~. } 

~ gibberellins, ethylene, ~uxins and cytokinins. The latter two 

are geperally consider~d to be the most important regulating 
> 

factors, and are certainly the most commonly employed; thus this 

review will be lirnited to their actions in vitro. Following the 

example of Everett et al. (1978~, for convenience the term 

hormon~ will be used to include natural and synthetic compounds 
1) 

with auxin or cytokinin activity. Generally speaking, the action 

of plant hormones is the most important regulating factor 

affecting organogenesis in most tissue culture systems. 
, 

Most of the regulatory effects of auxins and cytokinins can 

be grouped into "three broad modes of action, though the exact 

regulatory mechanism in any given case of in vitro organogenesis 

i5 probably very much a function of plant species and explant 

type. These modes are as follows: i) auxin/cytokinin ratios, 

ii) th~ specifie ty~e, and concentration(s) of auxin and/or 
~, 

cytokinin, and iii) the presence and subsequent removal of auxin. 
, 

These three alternatives will be briefly, described below. 

i) auxin/cytokinin ratios: The auxin/cytokinin ratio 
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hypothesis was initiated by Skoog based on his work on regulation 

of morphogenesis in tobacco callus cultures. H~s work showed 

that the regulation of root and shoot organogenesis in tobacco 

cultures was a function of auxin to cytokinin ratios and 

concentrations. Root organogenesis resulted from high auxin to 

cytokinin ratios, whereas shoot organogenesis resu1ted from low 
( 

ratios'(Skoog, 1970). 

ii) the specifie type and eoncentration(s) of auxin and/or , 

cytokini~: In sorne tissue cultures, specifie auxins or 

cytokinins at specifie concentrations are required for in vitro 
, 

expression of a certain type of organogenesis. 

For example, in cultures from excised axillary buds of 
\ -

Opuntia polyeantha, the type of 9rganogenesis was shown to be a 

funct~on of the type of growth regulator used: NAA(an auxin) 

induced roots in adjacent tissue, BAP (a eytokinin) induced 

leaves, and GA (gibberellie acid) induced spines from buds; 

altering the concentrations led to different types of lateral 

appendages (Mauseth and Halperin, 1975). A more recent examp1e, 

typical of in vitro embryogenesis, is the product~on of plant1ets 

from e~s of Panax ginseng eallus cultures. The production 

required four stages of tissue culture, each re uiring different 

hormones (or combïnation of hormones) at specifi concentrations, 

(Chang and Hsing, 1980). 

In thin epidermal explants of Nicotiana 

Nautilocalyx lynchei, the same ,cells were shawn to give rise to 

'~ yegetative buds, roots, or eallus (or also ta flor l buds, for 



Nicotiana) depending on the relative concentrations of auxin, 

cytokinin,. and sucrose (Trap, Thanh Van, 1973ai Tran Thanh Van, 
#. 

Chlyah and Chlyah, 1974; Tran Thanh, Thi Dien and Chlyah, 1974) 

Auxin has been shown to promote in vitro floral organo-
~ 

genesis in Begonia, though there were specifie auxin and 

cytokinin concentrations optimal for floral~d formation (Ringe 

and, Nitsch, 1968). 

,On the other hand, auxin, specifically IAA, inhibits floral 

organogenesis in Nicotiana tabacum cultures. Studies by Skoog 

showed that the floral organogenetic capacity of tobacco stem 

segments were drastically reduced by lAA, though the inhibitory 

effect could be counteracted by nucleic acid base analogues 

(Skoog, 1970). Similarly, it was found that lAA concentrations 

equal to or greater than lO-6M inhibited floral organogenesis in 

peeled stem segments (i.e. without epidermis) oe tobacco (Hill?on 

and LaMotte, 1977). The inhibition of in vitro floral organo

genesis in tobacco cultures by lAA has been linked with an 

inhibition of synthesis of specifie DNA fractions (Skoog, 1910; 

Wardell, 1977>. Moreoverj the in vitro gradient of floral 

expression observed in stem cultures of tobacco (the frequency of 

floral organogenes~s increases from base to apex in flowering 

tobacco plants) has also been linked with endogenous lAA content 

(Tran Thanh Van and Trinh, 1978, and references therein; Warde1l, 

1977; Thorpe et al., 1978). 

High concentrations of kinetin (greater than lO-SM) also 

inhibited floral organogenesis in peeled stem segments of 
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tobàccOi and the relative concentration of kinetin governed ~he 

auxin requirement for vegetative organogenesis (Hillson a~d 

LaMotte, 1977). Kinetin alone induced the formation of 

vegetative buds on 1eaf disks 'of tobacco cu1tured on an auxin-

free medium (Mullins et al., 1976). ~ 

iii) the presence and subsequent removal of auxin: In 

Kohlenbach's 1977 reviewof in vitro differentiation and plant 

regeneration, he conc1udes that while auxin is def~nitely 

required for the induction of embryogenesis in vitro, i t hinders 

its deve1opment; thus, deve10pment of embryoids requires 

subsequent lowering or removal of auxin from the medium. A clear 

example of this is given in studies on stem segment cultures of 

Antirrhinum majus L. in which it was shown t~at roots, callus or 

embryos could be induced depending on the growth regulators used, 

_but that plantlet development from the embryos was dependent on 

the subsequent removal of auxin from the medium (Sangwan and 

Harada, 1975). 

3. Epidermal Explants of Tobacco 

The tissue culture system used in the first part of the 

research for this thesis was developed by Tran Thanh Van and 

coworkers at the Laboratoire du Phytotron, Centre National de la 

Recherche Sciéntifique, at Gif-sur-Yvette in France. This system 

uses epiderrnal explants, consisting of a few superficial 1ayers 

of cells. They found that such explants, excised from certain 
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plants and cultured in vitro, had organogenetic potentialities 

which could be controlled. by modification of nutri tional and/or 

environmental factors (Tnin Thanh Van and Drira, 1970; Tran Thanh 

Van, 1973a, 1973b; Chlyah, 1974; Tran Thanh Van_, Chlyah and 

Chlyah, 1974; Tran Thanh Van, Thi DJ.en and éhlyah, 1974; Tran 

Thanh Van, ,197'7; Tran Thanh Van and Trinh, 1978; Kamate et al., 

1981). Their studies %h0wed the system to be relatively simple, 

homogeneous, and yet still capable of reproducing organogenetic 

potentiali ties of the plant. Epidermal explants from Nicotiana 

tabacum showed various types of organogenesis: floral buds or 

parts, vegetative shoots, leaves, and roots, without any 

intermediate callus formation. The main advantages to this 

system were: i) the lack of intermediate callus formation (thù~ 

it was a more clearly defined system of organogenesis), and 

l.i) the rapidi ty of response. Organogenetic structures,were weIl 

devel'Oped wi thin weeks. Many other culture systems might ,require 
/ 

1 -' a 

months for the same, degree of development. 
J : 

The culture system consists of small explants, three to six 

cell layers thick, of epidermal and subepidermal cells excised 

from the stems of certain plants and grown on a suitable medium. 

Applying this system to Nicotiana, Tran Thanh Van found that it 

was possible not only to obtaJ.n mitosis in one specifie cellular 

layer of the expIant, wi th subsequent vegetative shoot or root 

forlt\a tion, but also to have mi tosis followed rapidly by meiosis, 
" 

with subsequent flower, anther, or pistil formation (Thi Dien and 

Tran Thanh Van, 1974; Tran Thanh Van and Thi Dien, 1975). Thus, 
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different types of organogenesis were obtained'in a regulated 

fashion from the same cell layer. In other words, in this system 

a small group of homogenous, cytologically differentiated cells 

were capable of forming directly complex organs such as the 

flower, the vegetative or floral shoot, or the root. The 

rapidity of response made the system convenient for studies of 
V' 

organogenetic regulation. 

This system was used to quantitate the gradien~ of floral 

potential found in Nicotiana tabacum. This physiological 

gradient in flowering tobacco plants has been weIl documented in 

the 1iterature. (Tran Thanh Van, 1973bi Hillson and LaMotte, 

1977; Wardell, 1977; Thorpe et al., 1978i a~d references within 

these.) Using the system of epidermal explants, Tran Thanh Van 

quantitatively analysed the gradient of floral potential in 

Nicotiana tabacum L. cv. Wise. 38 (Tran 'J1.~anh Van, 1973b). Tran 
() . 

Thanh Van's studies revealed.two opposing gradients of in vitro 

organogenesis a10ng the tobacco stem. One was a gradient of 

increasing fioral potential from base té apex, the other was a 

gradient of decreasing vegetative potential. Tran Thanh Van-

reported that explants taken from the base of the plant showed 

100% vegetative buds and 0% floral buds, explants from the middle 

region showed 75% vegetativé buds a~d 25% floral buds, explants 

from the subfloral region showed 60~ vegetative buds and 40% 

floral buds, explants from the 

vegetative buds and 62% floral 

floral region showed 38%/ 

buds" and explants frO,I9-)the 

branches of the inflorescence showéd 0% vegetat)ve buds and 100% 

/ 
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floral buds. Thus, from base to apex of flowering tobacco 

plants, floral organogenesis went from 0 to 100%, and vegeta,ti ve 

organogenesis from 100 to 0%. Tran Thanh Van also reported a 

gradient in the number of internodes before flOtvering in the in 

vitro floral shoots from different expIant regions. Floral 

shoots on middle region explants showed four internodes before 

flowering, on suhfloral explants three internodes, on the floral 

stem explants two internodes, and on floral branch explants one 

internode (i.e. the floral huds were directly on the expIant). 

AlI neoformations arose from the suhepidermal layer. 

These findings indicate two general trends wi th regards, to 

the floral gradient in tobacco: 

i) the existence of a gradient of increasing potential for floral 

organogenesis from hase to apex in Nicotiana at the green-

fruit stage of development. 
~ 

ii)a tendency from apex to base to produce ~ncreasing amounts of 

vegetat~ve growth per ~loral shoè~ before floral bud 

formation in vitro. 

To investigate factors wh~ch might regulate in vitro floral 

organogenesis in this system, Tran Th~nh Van et al. attempted to 

modify the organogenetic capacity of floral branch explants of 
, 

the green-fruit stage of tobacco, which und~r precise conditions 

expressed only the organogenet~c capacity for formation of floral 

buds (Tran Thanh Van, Thi Dien and Chlyah, 1974; Cousson and Tran 

'l'han' Van, 1981) ~ Thus, ~n testing the effect of three 

physiological stages of the donor plant, Tran Thanh Van found 

1 
"... 
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that whereas explants from plants at the green-fruit stage showed 

100% floral organogenesis, explants from plants at the mature-

fruit stage showed a reduced capacity for floral bud formation 

and e~plants from plants at the full-bloom stage (the earliest 
• ! 

stage examined) produced no floral buds at, aIL. This suggested 

that either floral organogenetic potential was supressed in sorne 

way at the full-bloom stage, or that floral organogenesis was not 

being induced by sorne endogenous conditl0n that did exist at 

later physiologicàl stages of the donor plant. 

It was also shown that lAA and kinetin were both necessary 

for floral bud formation; the most favorable concentrat~on being 

10-6 M with an auxinjcytokinin ratio of one. If the absolute 

amount of either was altered, even if the ratio remalned the 

same, there was no floral bud formation at aIL. 

As previously mentioned in the literature review, sucrose 

concentration was anot~er regulating factor: the optimal 

concentration was 20 to 30 g/L. Light was not an absolute 
l) .. ~h 

requirement, but those explants grown in the dark had a much 

reduced capacity for organogenesis. Sucrose concentration only 

partly compensated for this. 

Under conditions standard for floral organogenesis, there 

was a pronounced polarity in the explants. Floral buds plways 
i 

developed at the basal end of the explants. The polarity was 

eliminated by increasing the cytokinin concentration to 10- 5 
Mi 

however, this also eliminated the capacity for floral 

organogenesis (i.e. only vegetatlve buds appeared). 
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Root formation was shown to be favored by a high auxin to 

cytokinin ratio and dark conditions. 

Callus formation was induced by the use of the auxin 

2,4 dichlorophenoxyacetic acid (24-0), rather than lAA. Callus 

cultures, even after several years ?f successive transfers, 
t'" 

retained their organogenetic poj:ential. Vegetative structures 

resulted when the callus tissue was transferred to an lAA medium; 

however, floral organogenesis was never observed to arise from 

these callus cultures. (However, the extent of the testing in 

this capacity was not reported) . 

A relationship between pH and the capacity for floral 

expression in these explants was also recently studied, as 

previously mentioned in this literature review. 

Thus, it was evident that the type of orgariogenesis or 

callus formation could be induced at will, within the limits of 

this system. This strongly suggests that in certain well 

controlled systems .such as this one, different cellular states 
\ 

are induced by the growth regulators and nutrltional factors 

provided in the medium. Furthermore, Tran Thanh Van èt al. 

considered that it is the respective quantities of these 

substances that count, not, generally, their respective special 

quali ties. Since the explants' are 50, small, the amount of 

endogenous substances they contain are also very small;, and, 

therefore, expression of organogénetic capacities depends heavily 

on the exogenous substances supplied in the medium. Thus, w~th 

such a system it should be possible to more accurately quantify 
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factors regulating organogenesis. 

4. Tobacco Leaf Tissue Culture 

There are many reports of leaf tissue culture in the 

literatu~e, widely establishing its organogenetic capacity. 

Species in which leaf tissue culture has been especially 

advantageous include Brassica oleracea, red cabbage, in the 

clonaI propagation of this crop plant (Bajaj and Nitsch, 1975), 

and Morus alba, mulberry', which being a woody plant i5 difficult 

to culture by other methods (Oka and Ohyama, 1981). Examples of 

the use of leaf disks (as in this thesis) include Streptocarpus 

nopilis in which floral organogenesis was shown to be regulated 

by photoperiod (Nitsch, 1972, and references therein) and Begonia 

(several specie~) in which the hormonal requirements for floral 

organogenesis were demonstrated (Ringe and Nitsch, 1968). 

Regeneration studies using leaf disks have been reported for 
\ 

many species, including tobacco, by Yusufov and Khachumova (1975) 

~in the Soviet Union. 

Of particular interest to this thesis are two studies on 

1eaf disk· cultures of Crepis capillaris (Brossard, 1977) and 

Lycopersicon esculentum (Coleman and Greyson, 1977). Both 

studies used a cytokinin-free medium to show the auxin require-

ment for root organogenesis on the 1eaf disks. No vegetative 

shoot organogenesis was observed. 

Compared to the enormous amount of work done on Nicotiana 

( 
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stem cultures, surprisingly little work has been reported on 

tobacco leaf tissue culture. As previously mentioned, 

Chailakhyan et al. (1977) used callus culture~.derived from 

tobacco leaf tissue to show an association between day-neutral 

photoperiod and the potential for floral organogenesis. 

Kasperbauer and collins (1972) and Burk (1975) used tobacco leaf 

tissue cultures respectively to produce diploid tobacco plants , 

from haploids, and pure diploid and haploid plants from 

cytochimeras. In both culture studies, organogenesis was 

associated with the mid-rib of the tobacco leaf. 

The first study on organogenetic regulation in' tobacco leaf 

tissùe culture was performed by Gupta et al. in 1966. Using 

small seedling leaves, whole or cut into transverse segments and 

cultured on modified White's medium supplemented with coconut 

mi1k they tested.~he effect of three gr6wth regulators: kinetin, 

'IAA, and zeatin. They found that vegetative organogenesis from 
• 

the leaf tissue~had an absolute dependence on the kinetin 

concentration. optimal bud formation occurred at 10-6 and 10- 5 M 

kinetin, whereas at 10-7M kinetin or lower there was no bud 

formation. Kinetin concentrations above 10-5 M were not tested. 

They also found that lAA was not necessarily required for bud 

formation and that increasing lAA con~entrations (10- 7 to 10-5 M) 

1ed to decreased bud formation. Zeatin was found to be more 

potent than kinetin, but otherwise similar in effect. 

Further studies on organogenetic regulation in tobacco leaf 

tissue were reported in 1976 by Mullins et al. Their culture 
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system ?o?sisted of leaf disks excised from young vegetative 

tobacco plants (Nicotiana tabacum) and cu1tured on auxin-free 

Murashige and Skoog medium with a kinetin concentration of 
, . 

5 x 10-6 'M. They stated that,' under these conditions, they 
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')... . 
observed vegetative buds or1g1nat1ng externally to the original 

explant tissue on peripheral callus or internally by localised 

proliferations of cells in the palisade layers. Vegetative buds 

were the only form of organogenesis obsepved (as in Gupta et 
( 

al.ls studies) 1 and the maximum organogènetic response observed 

in any of their wor~ was 85% of the disks showing an average of 

10 buds per disk. Their studies with this leaf disk system 

showed that many factors affected the organogenetic response. 

Disk size was important: optimal bud formation occurred on disks 

9 to 13 mm in diameter. The physiological stage of the donor 

plant also affected the organogenetic response: the greatest 

response was at the floràl bud stage, slightly less at the 

vegetative stage, and was drastically reduced at flowering and 

seed-bearing stages. Wounding seemed to adversely affect the 

organogenetic response, since donut shaped disks showed almost 

no hud formation, and, in fact, mostly necrosed early in culture. 

In testing the effect of expIant origin within the leaf, they 

found a gradient of increasing organogenetic capacity from the 

proximal (basal) to the distal end of the tobacco leaf, which 

they postulated was 'correlated with a gradient of endogenous lAA 

content. In testing the effect of expIant orientation during 

culture, they found an absolute r~quirement for plating the . 

Il 
1 
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disks adaxial side up, with the lower epidermis in contact with 

the medium. When they plated the disks adaxial side down, the 

disks turned yellow and died. 

Thus, the tobacco leaf disk system developed by Mullins et 

al. was evidently complex and subject to multiple sources of 

variation. 
\, 

Recently (subsequent to the experimentation described in 
\ 

this thesis) r-esults from another study on organogenetic 

~egulation in tobacco leaf explants have become available. This 

study was by Chih-hun~ (1978) and coworkers at the Laboratory of 

Cell Physiology ~n the Shanghai Institute.of Plant Physiology in 
, 

China. Their culture system consisted o~malL-;q~a~e-S- of 

tobacco leaf (2S,mm2 ) excised from several cultivars of Nicotiana 

tabacum in the' vegetative phase and cultured on modified 

Murashige and~\009 medium supplemented with lactalbumin 

hydrolysate. Th~y_tes~_tnree cytokinins (BA, kinetin, and 
! 

zeatin) and two auxins (~AA and 2,4-0). Their results showed 
<' 

that ail three cytokinins greatly stimu'lated bud formation' on the 

leaf exp'lants, whereas auxin (NAA) only promoted root formai;ion. 

They found that' there were no apparent differences betwee.n the, 

cultivars of tobacco tested, as weIl as no effect due to the· 

physiological age of the leaf or donor plant (contrary to the 

findings of Mullins. et al.), They also reported that light was 
/ 

not necessary for bud formation. 

Specifically, their cytokinin studies showed that BA 

greatly stimulated bud formation in concentrations ranging from 
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10-6 M to 5 x 10-6 M, but higher çoncentrations suppressed 

further bud development and root formation, thus confirming the 

results of Gupta et al. (1966) while also demonstrating that 

tobacco 1eaf tissue did not require cocbnut milk for expression 

of organogenesis (as did Mullins et al., 1975). Chih-hung and \ 

coworkers also demonstrated that the presence ot cytokLnin for 

bud.initiation was only required for the first 5 to 6 days of 

culture, even though buds were not yet histologically evident. 

In fact, 'subsequent removal of cytokinin from the culture medium 

accelerated sboot (and root) development. ' 

In summary, the literature shows that tobacco leaf tissue 

has in vitro organogenetic potential. In the case of vegetative 

organogenesis, this potential is expressed in the presence of 

cytokinin, whereas in the case of root organogenesis, it is 

expressed in the presence of auxine Neither direct floral 

organogenesis n~r embryogenesis has been clearly established for 
\ 

leaf tissue cultures of Nicotiana tabacum. 



III.· t1ATERIALS AND METHODS 

1. Experimental Studies 

i. Growth of plant material 

Nicotiana taba-cum L. cv. {"lise. 3 8 plants were grown in 

growth chambers at 24 0 C continuous temperature wit~a 16 hour 

light cycle at approximately 5400 lumens-m~2 Seeds were 
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.germinated in vermiculite and irrigated daily with tap water. At 

approximately the seven leaf stage, the seedlings were 

transplanted to a soil-vermiculite mixture (3 parts potting soil; 

l part vermicul±te). The plants were irr~gated five days per 

week with diluted ~oagland's solution (Table 1) and two days per 

week with tap water, to flush accumulated salts from the soil. 

Both ,the Hoagland's solution and the tap water were dispensed by 

an automatic irrigation system designed and built by the author. 

Thè irrig~tion system uniformly dispensed either nutrient 

solution or tap water to each pot once or twice per day as 

required. Once a day the leaves of the tobacco plants were 

sprayed with tap water to wash the leaves and to increase the 

humidity of the growth' chamber environment. 

Maturation of the plants to the green-fruit stage required 

13 ±2 weeks. For each batch of about 30 tobacco plants, the 

green-fruit stage was reached over approximately a two week 

period, with the green-fruit stage lasting about two days in an 



Stock Ingredient(s) Stock Stock 
Solution Concentration Volume 

M g/L mL/40 L 

A NH4Hl04 1.0 115.04 ZO 

B KN0
3 

1.0 101.10 lZ0 

C Ca(N03)204HZO 1.0 236.15 80 

D MgS04' 7H2O 1.0 246.48 40 
, 

Micronutrients H3B03 2.86 20 

MnC1 2
0 4H20 1. 81 

ZnS04 ')H2O 0.22 
. , 

CuS04
05H

2
0 0.08 

H2Mo04OH
2

0 O.OZ ~ 

Sequestrene 1.4 g/40 L 

Table 1: Modified Hoagland's Solution 

( 

t 

, 

\ 

\ 

Final 
Concentration 

mg/L 

57.5 

303 

472 

246 

1.43 

0.90 

0.11 . 
0.04 , 

0.01 

35 
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individual plant. By the green-fruit stage, basal senescence had 

proceeded ta the degree that 20 ta 25 per cent of the leaves 

(i.e. 6 ta B leaves out of a total of approximately 30 leaves) 

would beOtotally or mostly senesced. 

Various developmental stages of the Nicotiana plants were 

used during the course of this research. The developmental stage 

was characterized by the state of the apical meristem. Floral 

-
stages were-defined by the state of the term1nal flower of the' 

main axis. For example, plants at the green-fruit stage were 
l 

characterized by a terminal fruit containing immature, green 

seeds. . 

ii. Preparation and sterilization of explants 

In preparation for explanting, the appropria te parts of the 

tobacco plant (defoliated stem segments for the epidermal 

explants; leaves for the leaf disk explants) were rinsed with tap 

water to remove external debris. The plant material was then 

sterilized by a 60 second immersion in 70% ethanol (v/v), 

followed by a 10 minute immersion in 0.5% sodium hypochlorite 

solution (a 10-fold dilution of household bleach which was a 

guaranteed minimum 5.2.5% NaOCI), and then rinsed at least three 

times with sterile, double-distilled water. 

Epidermal explants: EPidejmal explants were excised fro,_ 

stem segments using a sterile scapel. The explants ranged from 
'1'~ 

0.1 to 0.4 cm in width and 0.5 to 1.0 cm in length; the expIant 
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si ze being a function of the excis~on loca tïon. Two factors 

necessi tated this variation in expIant size. The small diameter 

of the floral branch axes limi ted the size of explants from this 

location ta the smallest dimensions cited above. However, when 

explants from the lower excision regions (the middle and base of 

the tobaeeo stem) were eut ta those dimensions, almost total 

neerasis resulted. 

Leaf disk explants: Leaf disk explants were excised from 

pieees of tobaceo 1eaf (appraximately 6 cm x 6 cm) using a 

sterile, stainless steel disk-cutting tool designed and pradueed 

for this research. The explants were unifarmly 12.7 mm (0.50 in) 

in diameter. 

iii. Culture media te 

Epidermal explants: The medium used for culturing the 

epidermal explants was developed by Tran Thanh Van (1973). It 

contained maero- and mieronutrients by Murashige and Skoog (1962), 

plus sucrose, myo-inosito1, thi~ine, kinetin, and indoleacetic 

acid (lM) as listed in ~ab1e 2. Kinetin and lAA were each 

present at 10-6 molar (M) concftntrations. 

Leaf disk explants: The medium used for eulturing leaf 

disk explants was the sa~e as the medium for epiderma1 explants 

except for the concentrations, of kinetin and lM. The concentra

tion of IAA was 10-5 M, un1ess otherwise specified, while the two 

1 d t t , f k t' were 10- 4 and 10-5 mos t cornmon y use concen ra l.ons Olne ln 

1--
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Table 2: Culture Media 

~tock 
soIn. 

A 

B 

C 

D 

E 

F 

Ingredient \ 5) 

NH4N03 
KN03 
H3B03 
KH2P04 
KI 

Na2MoO 4 2H2O 

CoC1 2 6H2O 

CaC12 2H2O 

MgS0 4 7H2O 

MnS04 
H20 

ZnS04 7H2O 
CuS04 5H2O 

Na2Ji!DTA; 
FeS04 7H2O 

stock 
cone. 
(g/L) 

82.5 

95.0 

1 .24 
34.00 
0.166 
0.050 
0.005 

88.0 

74.0 
3.38 
1 .72 

0.005 

3.73 
2.78 

Thiamine-Hel 1 0.02 

Epidermal Explants: 
" 

lAA 17.5 mg/L 
Kinetin 10 .. 8 mg/L 

Leaf Disk Explants: 

lAA 175.2 mg/L 
, 

Kinetin 2152 mg/L 

Addenda: Myo-inositol 
Sucrose 
Agar 

stock Final Concentration 
volume 

(mL) (mg/L) (mM) 

20 1,650 N 41.2 

20 1,900 18.8 

5 6.2 0.1 . 

170.0 1.25 
, 0.83 , 0.005 

0.25 10-3 

0.025 10-4 

5 440.0 3.0 

5 370.0 1 .5 
16.9 0.1 

" 8.6 0.03 
0.025 10-4 

10 37.3 Na 0.20 

27.8 Fe 0.10 

5 0.1 4 x 10-4 M 

10 0.175 10-6 M 

20 0.216 10-6 M 

10 1.75 10- 5 M 

10 21 .52 10-4 M 

1 2.15 10-5 M 

100 mg/L 
30 g/L 
10 g/L 

Make to volume; adjust to pH 5.6"to 5.8 (optimum 5.76 with HCI or NaOR; add agar; autoclave 15 min. at 120 C. 
-

43 
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molar, as spec~fied. 

Media preparation: In large experiments involving hundreds 

of explants plated in several explanting sess~ons spaced over a 

period of one or two weeks, aIl the media were prepared at the 
t 

sarne time using fresh~y pre~ared stock solutions. The media wer~ 

m11de as a two-fold concentrate and included everything but the 

lAA, kinetin, and agar. The medium concentrate was then frozen 

in aliquots until ready for use. The day preceding an explanting 

session, an appropriate amount ot media was thawed, the growth 

regulator stocks added, the media adjusted to the pH 5.7, and 
/ 

'a~r added. Thus, the media were always freshly prepared for 

each explanting session but there was still medium homogeneity 

-
within each experiment since the concentrates were always prepared , 
in a single batch. This frozen concentra te method was tested 

against medium freshly prepared from stock solutions and the sarne 

'results were 'obtained with each. For s~all experiments the 

medium was dire~eq from stock solutions. 

AlI media were sterilized by autoclaving for 15 minutes 

at 120°C. 

iv. Culture conditions 

Bath types of explants were plated horizontally on about 

25 mL of medium in culture tubes, 25 mm in diarneter and 150 mm in 

length, stoppered with plastic bungs (Canlab: diSPo plugsl and 

then covered wi,th aluminum foil. The culture tubes were placed 

in specially designed wire racks (constructed by the author) 
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which provided maximum use of the growth chamber space and yet 
. 

allowed free air circulation between tubes. 
, 0 

-The explants were cultured at 27 C in growth chambers with. 

continuous 24 hour illumination (unless otherwisê specified) at 

10800 lumens/m2 , as measured outside the culture tubes. 

The explants were harvested at four weeks and either 
. 

immediately analysed by dissection or fixed in 70% ethanol for 

later dissection analysis, unless otnerwise specLfied. 

2. Morphological Studies 

For the morphological analysis, explants were fixed in. fAA 
-~--

solution (900 mL 70% Et9h, 50 mL glacial acetic acid, 50 mL 37% 

forma1dehyde solution), rinsed in 70% ethanol for six hours, and 
~ 

then stained overnight.with a1coho1ic acid fuchsin (0.5% acld 

fuchsin in 95% EtOH). The explants, or buds dissected from the 

explants, were photographed while immersed in 100% ethano1, 

following the technique of Sattler (1968). 

/' 

) 
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IV. OBSERVATIONS AND RESULTS 

1. Epiderrnal Explants 

i. Description of the experimental system 

This experimental system involved the culture of thin 

epidermal explants excised from superficial cell layers of the, 

stem of Nicotiana tabacum L. cv. Wise. 38 plants, as described 

in Materials and Methods. 

The aim of this research was to investigate factors 

regulating the exp~ession of the in vitro floral gradient 

observed in Nicotiana. Specifically of inter~st to this research 

was the relationship between developmental stage of the tobacco 

plant and expression of the florâl gradient. Consequently, the 

experiments for this research were focused on analysis of the 

floral gradient in three developmental stages of Nicotiana 

tabacum: green fruit, in which the apical flower was in the 

process of fructification, full bloom, in which the floral axis 

terminated in a flower in full bloom, and floral bud, in which 

the floral axis terminated in a closed flower bud. 

The in vitro floral gradien,t in NicotianJ tabacum 1 L. was 

expressed by an increased incidence of floral organogenesis on 

the explants with increase in proximity of the expIant excision 

locus to the floral apex. Consequently, five excision regions 

were defined along the tobacco stem (a~ per Tran Thanh Van, 
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1973b). These excision regions were: 

1) floral branch region, in which explants were excised from 

the base of floral branches. 

2) floral stem region, in which explants were excised from 

tobacco st~m occurring between floral branches. 
\ 

3) sub-floral stem region, in which explants were excised from 

the tobacco stem just below the inflorescence. specifically, 

this region was defined as the central section of the top 

third of the vegetative part of the flowering tobacco plant 

{mathematically determined by node number). 

4) middle stem region, in which explants were excised from the 

central section of the middle third of the vegetative part of 

-the flowering tobacco plant (mathernatically determined). 

5) basal stem region, in which explants were excised from the 

central section 

the p~ant (also 

However, ~e to the 

of the bottom third of the vegetative part of 

mathematically determined). 

absence of an inflorescence in the earliest 

developmental stage of tobacco used in this resear'ch, only 'the 

last three excision regions were ~vailable in plants at the 

floral bud stage (i.e. floral bud plants only had sub-floral to --
basal stem regions). 

This experimental approach was used throughout the 

epidermal ~xplant research. Since these three developmental 

stages and five excision regions are frequently referred to ïn 

abbreviated form in tables throughout the Results sectjon, a 

table is given below, summarizing their abbreviations. 
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Developmental Abbrevia tüm ExpIant Abbreviation 
Stage Region 

green fruit GF floral branch FB 

full bloom FI floral stem F 
, 

floral bud Bd sub-floral stem SF 

middle stem M 

basal stem B 
,-

Table 3: Summary of Common Abbreviations Used in the 
Epidermal ExpIant Results / 

-// 

il. System analysis: technical appraisal 

One of the main concerns in the research using epidermal 

explants was the production of sufficient experimental replicates 

for precise quantitative analysis. Early experiments, which were 

largely aimed at reproducing Tran Thanh Van's precise 

quantification of the gradient of floral response in green-fruit 

tobacco plants (1973b), produced low yields (5 to 29%) of 

explants worthy of analysis due to lack'of in vitro growth and/or 
Q 

high infection and necrosis rates (up to 100% per set of 

experimenta1 rep1icates). Infection, necrosis, ~nd growth 
1 

----response rates for aIl the epidermal expIant experiments are 

tabulated in detail in Appendix l and are summarized in Table 4. 

In order to reduce the infection rate, a 60 second 

treatment with 70% ethanol was added to the steri1izing 

procedure. The alcoho1 treatment reduced the,contamination rate 

( 



Experiment* ExpIant Number % exc1udin~ infected explants 
Type(s) Plated Infection Necrosis No Growth 

2: . .Rack Test GF:SF 98 21 27 23 

3: Gradient , a11 918 r 79 42 

5: Gradient GF: aIl 89 37 0 23 
, 

7 : Gradient a11 900 10 4 15 

8: Gallus GF:FB,F 40 0-10 0 0 
~ ~o 

,. 

9: ExpIant GF: 54 2 6 36 
Orientation FB.F.SF 

10: Gradient a11 594 14 0 10 

~ 

12: lM GF: 54 4 2 23 
FB,F,SF 

13: Polarity a11 234 1 3 18 

14: Gradient aIl 468 3 29 24 

-- ---::- - ; --
- i 

19 15a: Gradient àn 468 4 9 

15b: Alcohol GF:a11 90 l 9 82 

GF:all 90 13 21 77 

~ . ~- --- - .~-

Bd:all '54 4 8 25 

( Bd:all 54 9 4 31 

*Ex eriments n\t cited in this table dealt with the rowth mode 
( 

and senescence development of tobacco plants. 
p g 

) 

• 
1\ 
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Table 4: Summary of Yield Analyses of Epidermai ExpIant Experiments 

% excIudi~ infeeted exolants Yield Comments** 
Insufficient Organogenesis % of plated 
Develooment exolants 

18 31 24 o-p 

58 12 s-p 

30 46 29 o-p 

75 6 5 o-p 

callus growth: 100 90-100 a-pl ale 

6 53 , 52 o-p/alc/ep.up 

25 66 56 o-pl alc/ ep. up 
, 

13 62 59 o-p/alc/ep.up 
~ 

19 18 o-pl alc/ ep. up 

23 24 24 o-p/aic/ep.up/th~n 
( 

22 20 19 o-p/aic/ep.up 

9 0 0 o-p/ep.up/thin/alc 

3 0 a o-p/ep.up/thin 

-
33 35 33 o-p/ep.up/thin/alc 

45 20 19 o-p/ ep.up/ thin 

**K8Y to abbreviat!ons. o-p: explants exeised from open-pollinated 
tobacco plants; s-p: explants from self-pollinated plants; , 
ep.up: explants P1ted epidermis up rather than down on the agar; 
ale: use of aleoho during the steri1izing procedure; 
thin: explants cu thinner than usual 

. 
,{ 
l 

1 
1 
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by 86% without adversely affecting the organogenetic response of 

the explants. In fact, the alcohol treatment produced a 70% 

increase in "the organogenetic response of. the epidermal explants. 

li 
In general; the use of alcohol resulted in an overail gain-of 56% 

in the experifental yield. These results are summarized in 

Table 5. 

Other concerns in attempting to rep-roduce Tran Thanh Van' s 

work were expIant orientation and expIant size and tHickness, 

nei ther of which were clearly 'Specified in her publications. In 

the initial experiments of this research the floral response of 

the explants was much lower than. that reported by Tran Thanh Van 

and the overaii organogenetic response less uniform (both issues 

are reported in detail later under "Gradient Analysis"). It was 

1 
conjectured that expIant orientation and/or thickness may have 

been contributing factors in the ,observed differences in explant 
.,r' 

response. 

ExpIant orientation was an issue since i t was not known 

whether to plate the exp1ant epidermal or cortical side in contact 

wi th the agar medium; that is, epidermis down or up. (Personal 

communications sent to Dr. Tran Thanh Van were never answered.) 

Ini tially, on the basis of preliminary tests, i t was decided to 

plate the explants epidermal side down. This aiso seemed to 

correlate with the reports by Tran Thanh Van that the·organo-

genesis originated in the sub-epidermai layer (1973, 1974). This 

orientation resulted in many of the organogenetic structures 

growing down into the agar medium (Figure 1). Such growth added 



-
,1 
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"'\ - % RespOnse Experiments 
Analysis factor used in 

without alcohol Wl th alcohol analy-sis 

average % infection 28 4 aIl 

average % organogenetic 5,7 vs 
explants (excluding 1 26 43 
infected explants) 10,15 

average % yie1d 17 38 /1 

stimulation of organogenetlc response 1.7 " 
due to'alcohol 

lQ.7 • Exp. 15b 

Table 5: Effect of Alcohol Sterilization Treatment on the Infection and 
Organogenetic Response Rates of Cu1tured Epiderma1 Exp1ants. 
Only comparable experiments were used in the above analyses. 
Numbers are from Table 4. 

_. 
, 

U1 
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Figure 1: Examples of agar oriented organogenesis on epiderma1 

exp1ants, plated epidermal side down. a) a-PI-SF 

expIant wi th vigorous vegeta ti ve shoot organogenesis 

(O.75x). b) a GF-F expIant with a flower in full 

bloom in the agar (O.75x). c) a GF-FB expIant with 

flower bud s growing in the agar (O. 75xl . 

Figure 2: Examp1es of the extent of variation in organogenetic 

response occurring even among rep1icate epidermal 

expIant cultures. al a GF-FB exp1ant show!ng vigorous 

shoot and root growth (O.75x). 'b) a GF-FB expIant 

with small bu~s (2.2x). cl a GF-FB explant with 

flower buds and callus (1. 2x) • 
J 
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another variable to the culture system with possible ,influence on 

the in vitro regulation of organogenesis, and, furthermore, was 

not a phenomenon reported by Tran Thanh V,an. Plating epidermis 

up rather than down did eliminate the problem of agar oriented 

organogenesis, but otherwise did not quantitatively or 

qualitatively affect the organogenetic response (Table 4; 

Appendix 1; and "Gradient Analysis", p. 561. The organogenetic 

response rate in explants plated epidermis down was 35%, as 
( 

compared to 56% for those plated epidermis up. The difference 

was attributed to the effect of alcohol treatment, as reported 

above. 

ExpIant size was another variable in the system which was 

difficult to control. The explants were manually excised from 

stem segments, which introduced sorne variation in expIant 

thickness (number of cell layers). Also, the five stem regions 

from which explants were taken differed greatly in diameter and 

average cell size; For-example, the diameter of floral branches 

of green-fruit tobacco plants averaged less than 5 mm whereas 

the diameter of the basal portion of the tobacco stem averaged 

about 2 cm. Achieving expIant size uniformity bebween such 

dimel1sional'ly different plant parts was extreme1 y difficult. 

Furthermore, basal and middle stem region explants eut to the 

size of floral braneh explants eonsistently led to complete 
~ 

necrosis of the explants in culture (unreported preliminary 
, 

investigations). By necessity then, the explants used in this 

researeh system showed substantial dimensional differences (see 

1 
\ 
\ 
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Ma terials and Me1:hods). The presence of vascular tissue in some 

of the explants, unreported by Tran Thanh Van, was thought to be 
~ 

associated with this dimensional va-riation. In an a ttempt to 

decrease the incidence of vascular tissue 'contamination' in the 

explants, the gradient analysis.experiment (Experiment 14, Table 

4) was repeated using thinner explants. (This was simp~I,a 

qualitative attempt to exc~se th~nner, more uniform eXPffrnts.) 

The use of thinner explants increased the necrosis rate from 0 

to 29% and the 'no growth t (explants remaining green in culture, 

but showing no in vitro growth) rate from 10 to 24%, thereby 

decreasing the organogenetic resp0nse rate from 66 to 2,4% 

(Experiments 10 and 14, Table 4) . 

The lack of success in producing organogenetic, 

dimensionally uniform ëx~lants from the five excision loci' along , , 
1 

the tobacco stern led to a final attempt to repeat the gradient 

. d' '. f' analysis exper~ment using standar excis~on practices prev~ously 

employed, simply in order to reproduce _and verify previous 

findings (Table 4: Experiment l5a to repeat Experiment 10) . 

Cdhcomitantly, a controlled experiment was performed using 
, 

tthinner' explants with and wi~hout the alcohol treatment dur~ng 

sterih za tion. Since Tran Thanh Van did not employ the alcohol 

step in sterilizing plant material, it was hypothesized that the 

alcohol had adversely affected the thinner explants. The results 

from the alcohol experimen t (Experiment 15b, Table 4) revealed 

that the alcohol treatment did not increase necros~s in the 

th~nner explants, the aver~ge necros~s rate being 8% wi th the 

J 
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alcohol treatment and 12% without it. Furthermore, the 

previously noted stimulatory effect of a1cohol was evident in 

this experiment as well. The organogenetic response was 35% wi th 

the a1coho1 as compared to 20% without it. The magnitude of the 

stimulatory effect was the same as observed in earlier 

exp~rimentation (about 70%). However 1 the attempted repeti,tion 

of the gradient analysis experiment (Experiment 15a) was not 

successful due ta the absence of in vitro growth in half of the 

cultured explants. 

iii. System analysis: ;organogenet~c response 

An overall analysis of the experiments aiso revea1ed 
J 

" certain trends in the in Ivi tro organogenet~c capaci t~es of 

epidermal explapts. These are summarized ~n Table 6. 

Table 6: Average Organogenetic Response Rates for Epidermal 
Explants. Numbers are from Appendix l, Experiments 
10, l3 J 14, and 15, and represent per cent of 
explants showing organogenesis. 

Deve10pmental Explan t Reqion Average for 
Stage FB F SF M B SF , M, B 

Green-frui t 67 53 50 35 34, 40 

Full B100m 72 61- 56 33 27 39 
~ 

Floral Bud - - 61 24 36 40 
1 

Average 70 56 32 40 

, 

j, 

., 
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The three developmental stages showed similar organogenetic 

response rates, about 40%. Accordingly, the data do not give , 

evidence for any correlation between infloresce,nce develofment of 

the donor plant and organogenetic capacity.. ~ 

However, there was a gradient in organogenetic response 

rates correlating with excision loci in aIl three developmentai 

stages. The response rate increased from base to apex, being 

about 32% for middle and basal regi9n~explants, 56% for floral 

and sub-floral region explants, and 70% for floral branch 

explants. Thus, the data do provide evidence for a correl~tion 

between organogenetic capacity and proximity to the plant apex. 

iv. Gradient analysis 

~ The gradient of in vitro floral expresslon in Nicotiana 

tabacum L. was clearly evident in aIl the epidermal expIant> 

experiments. 'Less clear, however, were the means by wh~ch to -------- -

exactly·'define and quantify this, gradient. , .. Therefore, the issues 

pertaining to this problem~ organogenetic definition" numerical 
~ , 

analysis, and origin· analysis, Will be separateiy reported below,o 
/ 

followed by a summary of the gradient analysis results obtained 

from this research." 

a) Organogenetic description and definition 

The gradient Qf floral'expression in Nicotiana was defined 

by Tran Thanh Van (1973b) as an increase, on c~ltured epiderrnai 

1 
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explants, in the proportion of floral to vegetative shoots from 

base to apex of the'tobacco prant. Obviously, this necessitated 

classifying aIl de ~ shoots or buds as either vegetative or 
) 

floral, but to do this certain issues had to be resolve9. 

It was found in the work reported here that there was great 

variation in the degree and quality of organogenetic growth found 
! 

on ~he epidermal explants. Even within expIant types, organo-

genesis ranged from a few microscopie ~uds to vigorous shoot 

growth exceeding the capacity of the culture tubes (Figure 2) 

Such variation occurred even among experimental repli ca tes from 

the same excision locus and donor plant. Besides variation in 

the number, size, and development of ~he floral and vegetative 

de ~ growth, there was considerable variation in the amount of 

callus tissue present, ranging from complete absence to it being 

the prominent de ~ tissue (Figure 3). Similar variation 

oc,curred in the amount of root growth present per expIant (:F,igure . , 

4). Howevqr, the root growth often "repres~nted secondary ~gano-

genesis, that is, arising adventitiously from weIl develoP~d 
" 

vegetative shoots. ~fuen appearing as primary organogenesis, the 

roots arose randomly on ~e. expIant, mostly"'!rom callus tiSSUf 
or non-differentiat~d outgrowth~ (further de-scribed under "On.gin 

Analysis") . 

There was great vari'ation even within the floral organo-

genesis found on the epidermal explants (Figure 5). In most 

cases, the floral organogenesis consisted simply of microscopie 

floral apices, discernable only through microdissection. Very 
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Figure 3: Exarnples of the variation in callus growth observed on 

epidermal explants after 4 weeks of culture. al a FI-F 
! 

expIant with a srnall amount of callus and floral buds 

(1.5x). bl a FI-B explant from which the prominent de 

growth was callus tissue (l.~). 

Figure 4: Examples of the variation in de novo root growth on 

a epidermal expIant cultures. a) a GF-F expIant wi~ 

a few roots, as weIl as sorne vegetative and floral 
\ shoots \(1.2x). bl a GF-F expIant with much root 

\ 

growth, as weIl as much vegetative shoot growth (l.2x). 

" 0 

) 
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Figure 5: Examples of the variation in floral organogenetic 

response observed even among replicate epidermal 

expIant cultures. Figures Sa to Sf aIl represent 

GF-FB explants after 4 weeks of culture. a) an 

expIant with microscopie floral buds (I.Ox). 

b), c) explants with microscopie floral buds and 

increasing amounts of callus and vegetative shoot 

growth (I.Ox). d) an expIant with a weIl developed 

inflorescence (O.75x). e) an expIant with two full 

sized flowers and vigorous vegetative growth (I.Sx). 

f) an expIant with a floràl plantlet (O.9x). 

, 
\ 
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early floral apices were difficult to distinguish from early 

vegetative apices; in ambiguous cases such buds were discounted. 

Many of the flower buds, from microscopie to full size, were 

aborted ald necrosed during the course of floral development. 

As an example, the following is a description of a floral shoot 

on a green-fruit, sub-floral expIant from an early gradient 

analysis experiment (Experiment 5, as cited in Appendix 1): 
i .-

œhe floral shoot had three nodes of vegetative growth, then 

an aborted flower in which the androecium and gynoecium \.,rere 

incompletely formed, the calyx fully developed, but the petaIs 
\ 

\ 

aborted before cellular enlargernent. Following the aborted 

flower, there were about 13 to 15 further nodes of vegetative 

growth, then a second floral apex in which the main (apical) bud 

showed calyx, androecium, and gynoecium in early stages. 

In other cases, the floral buds showe~ abnormal development, 

often associated with callus growth. The following is an example 

from the same experiment, but which occurred on a floral branch 

expIant: 

The largest floral bud occurred directly on the expIant, 

but was growing'into the agar medium and showed abnormal 

development. The calyx was fully developed but with sorne 
f' 

callusing. At least two gynoecia were present. The androecium 

and corolla were very callus-like in quality and caused 

difficulties in discerning detail. 

While a normal flower clearly represents a different 

organogenetic process from an abor.ted or abnormal flower 1 both 

\ 
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represent incidences of floral induction. Therefore, aIl 

inciden~es of floral organogenesis, whether normal, abnormal, or 

aborted, were defined as floral shoots for the purposes of this 

research._This'definition represents, t~en, aIl circumstances 

(intrinsic and external) favorable for floral induction, but not 

necessarily favorable for floral development. For the purpose of 

gradient \analysis, in \-lhich the aim ~s -to quantify the potential 

of an expIant for floral expression, such a definition was deemed 

adequate and correlations relating to abnormal floral development 

were ~ot made. 
1 ----

. AlI the expIant types produced sorne vegetative or~ano-

genesis. As for the floral organogenesis, there was great 

variation in the size and development of the vegetative shoots, 

ranging from microscopic buds to shoots up to and exceeding 70 mm 

and 30 internodes (Figure 6). The gradient of in, ,vi't.:f floral 

expression was not only evidenced by an increasing proportion of 
1 

floral to vegetat~y~ shoots from bàse to apex, but also, 

according to Tran Thanh Van (1973b), by a decreasing number of 

internodes per floral shoot from base to apex (i.e. a decreasing 

aroount of vegetative growth per floral shoot). Therefore, an .. 
expe~iment was performed to determine whether there was also a 

qualitative difference in the vegetative shoots associated with 

the gradient. In this experiment, cultures from an early 

gradient analysis experiment using green-fruit stage explants 

'were transplanted to a soil-vermiculite mixture, but were 

otherwise kept.under conditions identical to those for tissue 
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Figure 6: Examples of the variation in vegetative organogenesis 

on the ~pidermal explant cultures. a) a Bd-B expIant 

with vegetative buds (l.7x). b) a'Bd-B explant with 

small vegetative shoots (O.85x). c) a Bd-M expIant 

with vigorous vegetative shoot production (O.75xl. 

d) a Bd-SF expIant with a vegetative plantiet (O.65x) • 

./ 
Figure 7: ~amples of the types of abnormal organogenetic 

,;/ structures observed on the epidermal explant cultures. 

a) a GF-M ekplant with, an albino Ieaf (O.9x),: b) a 

FI-B ~xplant 'wi th a peltate Ieaf (1. 3x). c) a FI-F 

expIant with a fasciated production of floral buds 

(1. 6x) • 
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culture (27oC, 24 hours light). Only cultures showing well 

developed vegetative shoots with adventitious roots were 

transplanted. The results, which are tabulated in Table 7, 

indicate that there were no apparent qualitative differences' 

between vegetative shoots of the five expIant regions w~th 
\ ~1t:,.r~,""~ ... _"" 

respect to floral potentialj that is, there was no gradient- d 

, 
effect evidenced by the vegetative shoots. The shoots from aIl 

expIant regions produced about 37 total nodes of growth, with l 

to 3 floral,nodes at the time of analysis. The transplanted 

shoots developed inflorescences to the green-fruit stage in 

approximately the same time as tobacco seeds (i.e. the time from 

explanting enta agar medium to green-fruit development of the 

transplanted shoot was the same, 2.5 to 3 months, as from seed to 

~reen-fruit). The transplant shoots, upon maturity; were 

proportionally srnaller and with less developed inflorescences 

than seed-grown plants, but otherwise were morphologically very 

similar to seed-grown plants. 

Similar to the definition of floral shoot, aIl structures ' 

with vegetative apices were defined as vegetative shoots"and 

variations in size and development were not distinguished, with 

the following"exception: aIl vegetative shoots with fewer 

internodes than approximately the average observed for floral 

shoots on that expIant type were discounted. That is, only 

vegetative shoots in which internode development exceeded that 

expected for floral shoots on that expIant were defined as '? 

vegetative shoots. This was done in order to avoid classifying. 
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Table 7: Total and Floral Nodes in Transplanted Vegetative 
Shoots Produced In Vitro. Shoots from exp1ants 
excised from green-fruit stage Nicotiana plants. 

ExpIant No. of shoot Total Nodes Floral Nodes 
Type ~ransplants Average Range Average Range 

FB 3 37 35-42 1.7 1-3 
, 

F 3 36 33-38 1.7 1-2 

SF 4 35 29-41 --1.0 l 

M 7 40 36-44 2.4 0-3" 

B 2 36 33-38 2.0 2 

64 
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as vegetative shoots those which were actually deterrnined to 

become floral shoots. 

Besides variation in size and degree of developrnent, there 

were aiso sorne abnorrnai structures in the vegetative organo-
l' 

genesis on the epiderrnal explants. These abnorrnalities were 

relatively infrequent, occurr~ng in less than 5% of the cultures, 

and were apparently not related to the floral gradient in 

Nicotiana. The abnorrnal structures included an albino leaf, 

which occurred only once arnong the 1100 organogenetic explants 

analyzed, and more frequently, peltate leaves and fasciation of 

the expIant (Figure 7). Unless a structure could be confidently 

identified ~s a vegetative shoot, such abnorrnal structures were 

not included in the gradient analysis. 

b) Numerical analysis: alternatives in quantification 

, 
There were several possible rnethods by which to quantify 

the gradient of in vitro floral expression in Nicotiana tabacurn 

L. In two gradient analysis experirnents, three methods for 

quantifying the data were evaluated in order to select the most 

appropriate for subsequent analysis. These methods were as 

fo11ows: 

1) the percentage,pf floral shoots per expIant, averaged per set 

of experimental replicates: This rnethod involved careful 

microdissection of each expIant in order to count aIL 
1 

1 vegetative and floral shoots and assess the nurnber of nodes 
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per floral shoot. The percentage of floral shoots was 

calculated for each expIant and then averaged per set of 

experimental replicates. 

2) the percentage of floral shoots per set of experimental . ' 

replicates: This metho~ involved the same microdissection 

analysis for each expIant as described ab ove , but the total 

number ot floral and vegetative shoots were carculate~ per 

set of experirnental replicates, and the percentages then 

• l 
calculated from the total f2gures. 

3) the percentage of floral explants: This method was the 

66 

sirnplest of the three since less precise microdissection was 

required. The number of explants showing any floral organo-

genesis was ascertaineq, and the percentage calculated with 
j 

respect to the total number of analysed explants. While this 

metho~ \ ... as both the most accurate and preciJ~. (since there was 

less chance of microdissection error) this method of 
• > )-:' 

quantificatioh did not distinguisn between explants with one 

or a hundredofloral shoots. 

As detailéd in Table 8, Method 3 proved to be the best 
....-J" . 

\ 

indicator of the floral gradient. This was quite fortunate since 

Method 3, besides being the most precise and accurate 

quantitative approach, was also much less time consurning than 

Methods land 2. The first tWo methods, which were based on .the 
~ 

actual proportion of floral and vegetative shoots, gKve re~ults 

sim~lar to each other. Both showed about a 10% difference in 

floral l'esponse between flor.al-branch and sub-floral stem 
1 

.. 

-1 
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explants, whereas Method 3, base4 on the "proportion of)exPbants , 
',.. 

showing "floral organagenesis, showed a 30% difference b~bleen the 

same two expIant regions.' Therefore, bath for technical and da ta 

analysis reasons, Method t 3 was chosen for subsequent analysis. 
, C' 

Another quauti~ative approach to analysis of the floral 

gradient, which was used to augment the above ,types of analysis, 

was the deterrnin~tion of the_~verage number,of nodes per floral 
/' 

shoot for the various expIant types. In early experirnents, this 
('f'''fIi~ 

approach did nat' yield any clear evidence con6erning the floral 
r 

~ 

gradieqt (Table 8). There was no overall decrease in the number 

of nodes per ~loral shoot in expIant regions from base to apex of 
c 

the tobacco plant. In fact, the expIant region with the l~ast 
c 

nodes per floral shoot was the floral stem region, not the 

florai-branch region as expected. Furtherrnore, there was great 

variation in the nurnber of nodes per floral shoot even within 
! 

, . ,J 
single~explants. This var~at~on exceeded the observed differences 
~ c 

in average node number between expIant regions. In other words, 
1} 

on the ~asis of.these first gradient analysis expèriments, there 

was no significant correlation between no de number per floral 

shoot and the in vitro expression of a floral gradient i~ 
\ , 

Nicotiana tabacum L. However, certain correlations between node 

number and floral gradient expression were revealed in subsequent 

experirnentation which inciuded analysis of aIl organogenetic , .. 
origins involved in the e~idermal expIant system. These 

correlations are reported in the next section on" origin analysis. 

1 
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Explant Number of ~ Floral Shoots 
IExperiment ~ype expl.anta 

anal.yaed Avg./explant ~ of 'total 

le: 
7 G:F-FB 18 45 57 

Gl-l 4 28 36 
GF-SF 5' 1. 19 ;; 
GF-M 7 0 0 
Gl'-B 8 33 42 

w 

9 Gl-l'B 11 37 26 t . 
GP-i' 15 44 34 
GF-SF 5 40 37 , 

'" 

Average GF-FB 41 42 
GF-F 36 35 
GF-SF 30 35 

'----._-- ~ 

911 Floral 
Exp1.ants 

89 

• 75 
60 
0 

25 

70 
67 
40 

80 
71 

0 

50 

~..;. , 

Nodes/floral shoot 

Average 
: 

3.0 
2.7 
6.; 
-

3.3 

4.2 
2.9 
6.0 

3.6 
2.8 
6.2 

Range 

1 - 8 

1 - 4 
3 - 8 

-
1 - 6 

1 - 9 

1 - 6 
3 - 9 

I~ 
:.:.::",,\ 

1 

1 

1 

1 

1 

Table 8: Coœparison of Methods of Quantification of the Gradient of In Vitro Floral 
Expression in Nicot1ana tabacum L. --

~. 
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c) Origin analysis 

Early expèrimentation had revealed that organogenesis 

;riginated':-in sJveral ways on the cul tured epidermal explants. 

69 

Tran Thanh Van had reported only one organogenetic origin, namely 

the sUb-epidermal celi layer of the explants (1973, 1974). 

Careful analysis of later experiments in the research for this 
\ 

thesis revealed si~ organogenetic origins which cou Id be 

separately classified. These organogenetiç origins were: 

1) the epidermal surface:' organogenesis appea,red to 

originate direct1y at the epidermal surface of the expIant. 

2) the cortical surface: organogenesis appeared to 

ori~nate directly at the cortical surface of the expIant. 

" 
3) 'polar swelling: organogenesis originated from a basal 

swelling of the expIant tissue. 

4) polar outgrowth: organogenesis originated from de ~, 

nodule-like, basal outgrowths. 

5) polar callus: organogenesis originated from de nova 

masses of non-differentiated cells on the basal end of the 

explaht. 
~-

6) non-polar callus: organogenesis originated frOID de 
v' 

1 

~, non-polar masses of non-differentiated cells on the e:Plan~ 

The two most common organogenetié origins in the epidermal 

expIant system were the epiderrnal surface and polar callus, 

respectively rated as first and second in frequencies of 

occurrence(Table 9). 65% of aIl explants showed sorne epidermally 
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Organogenetic Origins , 

!Il 
, t:: 

0 
IH . .-j r-l .a H 

Type of O.j.J III r-l 't1' .j.J III 
III El Q) III Q) s:: ~ r-! 

Numerical H :> H CJ CJ CJ • .-1 !Il o !Il 
IDH Q) III • .-j III H....-I H H loi ::s o.::s 
.!lID '0"4-4 .j.J4-4 n1....-1 Illr-i Ir-! Analysis , . 
9~ •• .-j loi H loi 

.Ill 0'> 
r-t Q) ...-i-IJ ....-Ir-! S::r-! 

o.::s o ::s o ~ o :;:l o III o III 
ZO l'.l:lCf.l tJCf.l tl<Cf.l .Il< 0 Il<tJ ZtJ 

% explants 301 65 23 3 10 '54 3 
'-

% organogenetic , 

structures 476 41 14 2 7 34 :2 
0 

Numerical 
Rating , l 3 5 4 2 5 . 

Table 9: Overall Frequencies of Organogenetic Origins. 

Numbers represent the percentages of aIl explants 
showing each organogenetic origin and percentages 
of all organogenetic structures from each origin, 
as weIl as a numerical rating of each origin type 
based on frequency of occurrence. 
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occurring organogenesis, and 54% showed organogenesis from polar 
~ -

callus. These two origins together accounted for 75% of aIl 

observed organogenesis. ,The third most frequent organogenetic 

origin was the cortlcal surface of the expIant, fol~owed, ln 

order of organogenetic importance, by polar outgrowths, 

swellings, and. non-polar callus. 

The data for organogenetic origins were related both ta 
\ 

expIant type (Table 10) and to the type of organogenesis (Table 

Il). There was no apparent correlation between either the 

developmental stage of the donor plant from,which the explants 

were excised or the expIant excision region and the frequencies 

of the various organogenetic,origins. For each expIant typ~, the 

three most, common organogenetic origins were the epidermal 
, " 

surface, polar callus, and the cortical surface, usually in that 

order. The apparent indication of a relationship between expIant 

excision region and the frequency of the organogenetic origins in 

Table 10 was simply a con~quence of the higher organogenetic 

capacities of floral branch, floral stem, and sub-floral stem 

explants, as previously reported (System Analysis:, Organogenetic 

Response) 0. 

" There were correlations, however, between the typ~ of 

organogenesis and the type ,of organogenetic origin, as seen in 

Table Il. Roots arose almost uniquely from callus origin, with 

more than 93% of aIl root organogenesis originating in callus. 

Floral shoots arose mainly from epidermal and polar callus 

origins, these two origins accounting for 84% of aIl floral 



Table 10: Frequencies of otgano~enetic Origine in 
Relation to Explant Type. Numbers rep~~sent 
percentages of explants showing each 
organogenetic origine 

Organogenetic Origin 

r-4 .t: s.. 
as .... bD ~ al 

e~ 
QSQ) s::: :J ri 

Explant (.t(.) 
0 .... 0 ID 010 

Type Q)aS .... aS ~~ Sots.. s..:::s Po::S 
~CH ~CH atbD "'roi 1 roi 
.... s.. MM riQ) roi~ ri roi S:::roi 

~~ O~ O:J o~ oa! Oa! 
OUl !l4C1l Pot 0 P40 12;0 

OF-lB 92 12 0 0 100 0 
OF-F 79 7 0 24 72 7 
OF-SF 77 27 0 4 43 5 
OF-M 21' 53 15 21 '~32 0 
GF-B 8 3; 0 0 42 '33 , 

Fl-FB 70 9 0 0 57 4 
Fl-F 64 20 0 36 40 0 
Pl-SF 67 21 0 ,12 54 0 
Fl-M 44 44 0 ' 11 11 0 
Fl-B 38 25 50 0 0 0 

Bd-SF 100 22 0 0' 91 0 
Bd-M 38 15 0 15 62 0 
Bd-B 80 5 0 0 50 0 , 

GF ayg. 55 26 3 10 58 9 
Fl avg. 57 24 10 12 32 1 
Bd avg. 73 14 0 5' 68 0 

FB avg. 81 10 0 0 78 2 
F avg. 7Y \14 0 30 56 4 
SF avg. 8 23 0 5 63 2 
M avg. 34 37 5 16 35 0 
B avg. 42 21 17 0 31 11 ,. 

• 1 
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Organogenetic Or1g1n 

roi -'= ~ . " ..... «\ ,... . bD .p t'I! 
,Typ~ of ~~ «\G> so: :. r-i 

C)C) ..... 0 10 010 

Organogenes1s GlCd .... as J.4r-i ~~ ~:::s Po:::S 
'CI~ ~\04 «\,... , ... Cd,.... Ir-i 

" 

'f"4~ J.4~ ,...œ r-to+> r-i,.... S::r-i 
o:::s 0:- o:::s oas oas ~CIl o CIl Pot CIl ll1'O 1110 :ZOO 

, 
Floral ., 

55 7 2 6 29 .1 

Vegetative 32 22 2 5 35- ' 3 , , 1 

Root 0 2 3 3 90 3 

Table 11: Relationship Between Types ot Organogenesis 
and Orig1ne. Numbers represent the 
percentage ot each type of organogenesis 
arising trom each organogenetic origine 
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organogenesis. There~e three significant origins for 

veget~tive shoots, tne epidermal and corti~al surfaces an~ polar 

callus, which together accounted for 89% of aIl vegetative 

organogenesis. 

A more detailed analys~s of organogenesis in relation to 

expIant type (deve1.opmental stage and excision region) and 

organogenetlc origin is given in Table 12. When the organo-

genetic response data were subdivided by origin, certain organo-

genetic trends became apparent. 

In organogenesïs originating at the epidermal surface, the 

gradient of .floral potential was clearly evident. The floral 

response ranged from 92% (floral branch explants) to 0% (basal 

explants) for green fruit stage explants; 70'% to 1,2i" for full 
, 

bloom stage explan,ts, and 83% to 15% for floral bud stage 
c 

explants. The floral gradient was less apparent for the polar 

callus organogenetic origin, and absent for the cortical surface 

origine A similar trend between origin types was evidenced,by 

the no de analysis. In epidermal surface organogenesis, it was 

apparent that the average number of nodes per floral shoot 

increased from the apical to basal expIant regions for both green 

fruit and floral, bloom stage explants (though t,his was not clea~ 

for the floral bud stage explants). This gradient in nodes per 

floral shoot was absent in the polar callus and cortical surface 
\ ... 

organogenesis.\ 

The relationship between nodes per floral shoot and organo-

genetic oriqin is further emphasized by Figure 8., Figure 8 (top) 
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0 Organogenetic Ori~ins 
Overall Ep1derma1 Surface Cortical Surface :Polar Callus 

ExpIant ai!! ~ai ~ ID .-t ID ........ ri ID .-t lD ........ ri ID riU) 10 
-P 'ID cd-P coaS+' ~ 10 Q1 .p 10 al +' +' 10 Q1+, +> III 

Type -"0 "-"0 • 0 +S J.t 0 CI) J.t 0 
• 0 +> J.to C1)$.to '0 +> J.to • 0 +> 

00 '1:f00 taO 0 0 00 '000 ~o 0 00 'QOO ~o 0 00 tlOO 0 
Ori~ CI":: 0 n":: o.-t.cl C».r::l 0 ri.r::l Ori.r::l c»,.::: 0 .-t,s: Gl.cl 0 

l ,'. ii:! ~ lir:4 \kt CIl ~Ul ~ ~ (Il :ott lZ4 CI) :>CIl ~ ~ CIl :z; ~ U] ~ CIl ~ IZiCJJ :>tfl ~ 

1 

, O:r-YB 92 2.2 28 0 12 ? ~4 0 96 ,..7 32 68 94 41 62 
GY-Y 79 2.6 41 0 0 - 3 0 72 6.7 38 55 100 79 62 
ap-sp 65 5.3 30 0 5· 12.8 27 0 18 9.3 36 33 81 ' 74 ' 36 
ap-M 3 6.0 21 0 9 ""15 53 0 12 7.0 32 12 38 100 15 
GY-B 0 00 8 0 0 - 33 0 8 .... 12 33 0 8 92 0 
aV'g: 
SP.M,B 23 5.6 20 0 5 14 38 0 13 9.4 34 15 42 89 17 
GJ'-all 48 4.0 26 0 5 14 24 0 41 8.4 34 34 64 77 35 

~ 

Pl-PB 70 2.7 0 0 9 6.0 0 0 48 5.2 17 30 96 29 43 
Pl-F 64 2.6 . 0 0 12 5.3 16 0 28 6.0 28 40 96 59 56 
Yl-Sl 46 3.3 38 0 4 ---7 21 0 29 6.8 25 40 79 62 41 
pl-M 22 "'7 22 0 11 .... 8 44 20 11 ~7 0 0 " 38 81 25 
Pl-B 12 5.0 25 0 0 - 25 0 0 - 0 0 : "25 100 25 
avg: 
SP,M,B 27 5.1 28 0 5 7.5 30 7 13 6.9 8 13 47 81 30 
Pl-al1 43 4.1 17 0 7 6.6 21 0 23- , '6.2 14 22 67 66 38 -
Bd-Sl 83 5.2 65 0 9 9.0 17 0 43 8.3 70 78 91 ~1 7~ Bd-II 23 10.3 15 0 8 ? 15 0 46 11.7 15 8 77 "46 
-Bd-B 15 8.2 75 0 5 10+ 5 0 15 8+ 40 15 33 95 14 
avg. 40 1.9 52 0 7 9.5 12 0 35 -9.3 42 34 67 77 331 

" 

--_._-~- - _._- - ---

Table 12: Frequencies ot Organogenesis: overall and sub-divided with respect to 
origine Numbers reter to percentage ofrtotal explants analysed. 
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internodes par floral shoot for all floral 
shoots of epidermal and polar callus origins 
on sub-floral stem explants from green fruit, 
floral bloom, and floral bud stage tobacco 
plants (from experiment la, as cited in 
Appendix 1)., 

Of-l.------- '1-5'--,-- . ..... '+1---+ 
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graphically demonstrates the existence of a physiological 

relationship between node number per floral shoot and organo-

genesis of epidermal origin, as seen by tne roughly bell-shaped 

distribution of nodes (or internodes) for each explant type. 

This relationship was not evident in floral shoots of polar 

callus origin, which showed a scatter in the~r d~stribution of 
• nodes per florai-shoot (Figure 8, bottom). 

Thus, this approach through origin analysis ~ndicated that 

~&'gradient of in vitro. floral response in Nicotiana tabacum was 
-most clearly expressed in organogenesis arising at the epidermal 

surface, and that this gradient was weaker or absent in organo-

genesis from other origins on the expIant. 

The analysis shown in Table 12 did not reveal any 

particular trend for vegetative organogenesis, but for root 
~ 

organogenesis Lt verified previous analyses and observations that 

roots arose mainly from callus tissue. 

~ 

d) Final gradient analysis and summary 

The analysis in Table 12 simply established the frequency 
(. 

of e~ch type of organogenesis per organogenetic origin. It did 

not'take into account the frequency of each origin. For a 

complete analysis, a correlat~on must therefore be made between 

the frequencies of type and origin of organogenesis. Table 13 

relates the number of'explants with each type of organogenesis 

from a particular origin to the total number of exp!:lnts showing 
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organog.e::nesis .from that origin (i. e. Table 13 relates the 

information in Tables 9 and 12). The mathematical re1ationship 

is as follows: 
, \ 

number of exp1ants Wl. th type X organogenesis of', type y orl.~l.n 
number of explants with any organogenesis from-type Y origl.n 

multip1ied by 100% 

= Numerical correlation between frequencies of 
organogenetic type X and origin Y 

For example, to correlate floral response and epidermal origin, 

the percentage of all'explants with epidermal1y originating 

organogenesis which showed floral organogenesis of· epiderma1 

origin was determined for each explant type. 

; -

The analysis in Table 13 clearly established several organo-

genetic trends in the epidermal expiant system . 

. Gr~dient of In Vitro Floral Expression: Every experiment 

in the epidermal expIant research confirmed the existence of a 

gradient of ~ vitro floral ~xpression. This floral gradient was 

manifested iq two ways: 1) by an increasing incfdence of floral 

organogenesis on the èpidermal explants with increased proximity 

of the expIant excision locus to the floral apex of the donor 

tobacco plant and 2) by a ~oncomitant decrease in the average 

nurnber of nodes per de ~ floral shoot (though the latter form 

of floral gradient manifestation was only evident in organo-

genesis. on epidermal surface origin). Specifically then, as seen 

in Table 13, there was an increase in floral organogenesis from 
, 

basal, throu9h middle, sub-floral, and floral stem'explants to 

" 

.:"-
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~ Organogenetic R~sponse ~er Organogenetic Origin 
ExpIant Ep1dermal Origin Cort1ca'l- Or1g1n . Polar Callua Origin -Type Ploral Veg. Root Nodes Floral Veg. Root- Nodes Floral Veg. Root Nodee 

-
GF-YB 100 30 0 2.2 100 33 0 - 96 32 68 7 
GP-P 100 52 D 0 2.6 0 50 0 - 100 52 76 6.7 
GP-s:r 82 40 0 5.3 20 100 0 12.8 '42 83 75 9.3 
GF-M . 14 100 0 6.0 17 100 0 15 36 ~100 36 7.0 
OF-B (0)* ( 1()(H* 0 - 0 100 0 - 20 80 0 12 

" 
Fl-PB 100 0 0 2.7 100 0 0 6.0 85 31 54 5.2 

'1-' 100 ,-0 0 2.6 60 80 0 5.3 70 70 100 6.0 
FI-Sr . 69 56 0 .3.3 20 100 0 7 54 46 77 6.8 
,Fl-M 50 c 50 0 7 25 100 50 .8 - - - 7 
FI-B 33 67 0 5.0 0 100' 0 - - - - -.-

- 1 

, Bd-SF 83 65 0 5.2 4Q 80 0 9.0 59 76 86 8.3 
Bd-M 60 o 40 0 10.3 50 100 0 - 75 25 12 11.7 
Bd-B 19 94< 0 8.2 - - - 10+ 30 80 30 8+ 

~ 
~---- ---- --

~ " 

Table 13: Corr~lat1on.Between Organogenet1c Response'Types and Or1gine •. 
Numbers represent the percentage'ot explants w1th a particular 
orig1n that showed a particular type of organogenesia trom that 
origin. except ~or the node data which repreeents the average 
node number per floral shoot. Blanks represent si~uations in 
w~ich there were insuffient,data for analysis. 
*Data based on only one observation in thls analysis. but confirmed 
by other experiments and analyses. 
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floral branch explants,. respe~tively reprerenting increase~ 

proximity to.the floral apex of the?tobacct plant. 

80 

This floral gradient was most stron~ly expressed in organo

genej~s of epidermal origin. However, in both the green fruit 

and full blobm stages, the floràl stem ex lants showed as ~igh 

floral re-sponse (100%, in fact) as. floral branch explants. 

Therefore, in terms of floral shoot frequ ncy, the floralJ 

gradient was fully expressed in expIant r gions fr~m ~he ain 
ri 

axis of the 

response in 

explants. 

flowering tobacco plant, 
1 

basal stem e~plants t9 a , 

with a 'n'Iinimum flora.l 
Q 

maxi um in floral stem 
f 

~vhile ,the whole gradient analy is experimenè .. 
(Experiment 10 as cited in Appendix 1) wa not successfiuJ)y, 

" repeàted due to higp nec rosis and lack of de ~ growth 

J.. 

(Experiments 14 ~nd 15 in Appendix 1), the observation of maximum 

floral response i~nOgeneSiS ot epider al'origin of f~oral ' 

stem explants was reproduced in a small ex erim~nt using jloral 
" 

branch,o tloral stem, and sub;-floral stem ,e plants from g-reen 

fruit stage t;bacco plants' (~xperiment l2.JAPpendi~ ~). ;n both 

experirnents the floral response in ePiderm,llY priginating 

organogenesis was 100% for both floral bra1c~' and floral stem 

explants. ~ 

However, in both experirnents the aver internode n~~r 

per floral shoot was higher in floral stem xplants than in 

floral bran ch explants. Thus using raI organogenetxc 

frequency.' and 'average node nurnbel1' per, f lor l shoot' cri ter"'i a, 
î {: ! Q 

the floral gradient was ini~ed more expressed .tn floral' 

• ,1 , 
\' 

'. , 

\ 



, 
" G 

~, 
... 

\ 
< 

~, r 

1 

\...t 

t 

t 
\ 

.1 
1 

t ' 
1 

\ 

! 

! 
\ , 
1 
! 

1 

• 

i ( 
') 

( 81 
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brandi explants than in floral stern explants .(~ the maximUJD 

expression of an in vitro floral potential was only observed in 

flo~.l branch explantsl . 

,{ organogenesis of polar callus and cortical surface 

origins, there was a general trend of increas~ng floral response 

from basal to floral branch expJants in the green fruit and full 

bloom stages, but no gradient effect evident in the average node 

nurnber per floral shoot. l'hus, in these origins, the floral 

gradient was less expressed than in epidermally origLnating 

organogenesis. ., 

AlI three developmental stages of tobacco plant (green 

fruit, full 'bloom and floral bud) showed a high potential for 

floral organogenesis as weIl as an in vitro gradient ~f floral 

expression. These observations were repr?duced ~n experiments 

throu~hout this research, though precise quantification was not 

<always obtained. The floral gradient was most clearly def~ned 
1 

in organogenesis of epidermal origin for ,ill three developmental 

stages. The earlier stages, full bloom and floral bud, showed 

greater potential for floral organogenesis in the middle and 

basal stem expIant regions than did the green fruit stage, in 

organogenesis of epidermal origin (and possibly of"polar callus 

origin too). As seen in Table 13, the 'earlier stages averaged 

40t floral response for the middle and basal regions, compared 

to 7% (or the green fruit stage. This observation was also " 

confirmed by several experiments. 

In other words, the floral gradiert was most clearly 

.. ' 
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expressed in 'the green-fruit stage (the gradient in re~ponse 

ranging from 0% to 100% floral response), less in the full blotm 

stage (33% to 100%), and least in the floral bud stage (19% to ~ 

'83%) • 

\ 
In summary, the strongest expression of a floral gradien' 

occurred in organogenesis of epidermal surface origin on explants 

from green-fruit stage Nicotiana tabacum L. 

Organogenetic Trends in Vegetative and Root Organogenesis: 

There was also a gradient of in vitro vegetative expression in 

this system. As shown in Table 13, the vegetative response of 

the explants generally increased from apiçal to basal expIant 

regions in organogenesis of epidermal and cortical origins (on 

the average, vegetative organogenesis increased 76% from the 

floral branch region to the basal expIant region). There was no 

clear trend expressed in vegetative organogenesis of polar callus 

origin, however. 

Root organogenesis, only originating in polar callus, 

generally showed a higher response rate in floral branch, floral 

stem and sub-floral stem explants than in middle ~nd basal stem 

explants (76% versus 20%). 

There was no apparent re~onshiP be~ween the 

developmental stage of the donor plant and ~eqetative or root 

organogenesis. 

Î 
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2. Leaf nisk Explants, 

i. Descfiption of ~he-experimental system 
,< 

• 

The 1eaf disk system consisted of 12.7 mm leaf disks 

• 
83 ~ 

• 

excised from mature leaves of Nlcotiana tabacum L. cv. Wisç. 38. 
/-

The disks were cul tured on modified ~1urashige and Skoog medium 

--', at 27 0 C in continuous light, as described in Haterials and 

Methods. On appropriate media, this system produced 100% yie1d 

and an homogeneity in organogenetic response of 100%. The 

response was both rapid and vigorous. Organogenèsis was '-vell , 

developed in 19 te' 26 days. Moreover, the system gave an 

extreme1y high propa~ation potential, as evidenced by the 

hundreds of shoots formed per expIant on appropriate medium. 

No evidence for, polarity in the development of de ~ 

growth on the leaf disk was ever detected in this system. 

ii. Hormone manipulation studie,s 

Hormone manipu1ations~ies were performed in view of two 

s~ main objectives: 1) t~sting .the organogenetic response of 

tobacco leaf disks to an array of different lAA and kinetin , 

concentrations, and 2) obtaining vigorous callu~ cultures from 

leaf disks. The results are reported in detail below. 

i 
1 
! 
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• a) Organogenetic response to different lAA and kinetin 

concentrations 

.. 
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The culture response of leaf disks to thirty-six diffSrent 

combinations of lAA and kinetin were tested, in which each 

-8 -3 hormone ranged in concentration from 10 molar to 10 molar, 

with 18 replicates per treatment. Explants were only excised 

from leaves of the middle portion of green-fruit stage tobacco 

plants,·in order to minimize physiological variation in the 

tissue. Specifically, leaves 13 to 18 were used from plants 

averaging a total of 34 nodes each. All t~e results represent 

four weeks of culture time. 

The results from this experiment indicated that the absolute 

concentration of kinetin ,..,as the most important factor regulating 

organogenesis in the leaf disk system. Therefore, the results 

reported here have been grouped according to b~eir kinetin 

concentration. The results are described.in detail below and are 

summarized on page 106 and in Table 14. 

10-8 M kinetin cultures 

The main characteristic of the 10- 8 molar kinetin cultures 

(Figure 9) was smal~ peripheral tufts of brownish, friable 

callus; 2 to 4 tufts per leaf disk. The tufts w;;re always 

associated with the cut ends of vascular bundles at the disk 

periphery. The leaf disks were pale green o~ partly chlorosed, 
J 

except for tissue adjacent to vascular bundles, which was 

", 

,1 
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generally deep green. The disks were usua11y slightly convolutJd 
f.... • 

and enlarged appr~lmate1y 50% in diameter. The on1y type of 

organogenesis observed in the 10- 8 M kinetin series was that of 

rpot formation, which occurred at the highest auxin concentra

tions (10-3
ü

and 10- 4 M lAA) in correlation with the amount of 

auxin. 10- 3 M lAA induced root organogenesis in 60% of the 

, -4 
cultures; 10 M lM in 20%. The roots were long, fibrous, and 

completely covered in root hairs. 

Specific descriptions of the morphogenetic response to the 

various 10-8 M kinetin media ~~re as follows: 

10-8 M IAA / 10-8 M kinetin: 100% of the explants produced 

small, periphéral tufts of ca11us, assoèiated with the vascular 

bundles. The leaf disks were slightly chlorosed and convo1uted~ 

~nd'enlarged about 50% in diameter. (Figure 9a) 
< ' 

10-7 
M lM / 10- 8 

M kinetin: 6% (one expIant) of the 

explants showed no apparent meristematic activity; the rest 

produced small peripheral tufts of callus, as described above. 

(Figure 9b) 

,10-6 M lM / 10-8 M kinetin: 100% of the explants produced 

small, periphera1 tufts of callus, as described above. (Figure p 

9c) 

10-5 M lM / 10-8 M kinetin: 100% callus tufts, as above. 

(Figure 9d) 

10-4 M lM / 10-8 M kinetin: 100% of the explants produced 

small, periphera1 tufts of callus; 20% also produced roots. 

Otherwise, as described above. (Figure ge) 

. . 



. - -
~'~f"'~.i)!ii ... ~b~~~_, .... ___ ~_ ....... ...-..,,~. ___ .~_, ..... __ l'IMt_._.I'I,' __ ~~~,..tooi1_ ...... ..,.~ _..,. .. ,.,.."....~ .... "'.,~,..-"'~ .. .c. • . . 

86 

) 

\ 

Fis:ure 9: Tobacco 1eaf disks cu1tured for four weeks on medium 
containing 10-6 molar kinetin and various concentra-
tions of lAA. 
a) 10-8 

M IM (3.4x) b) 10-7 
M IAA (3.4x) <, 

c) 10-6 M IM ( 3. 4x) dl 10-5 
M IM (3.4x) 

e) 10-4 
M IAA (1.7x) el 10-3 

M IM (1. 2x) 

) 



1 



1. 
1 . \ 

10- 3 M lM / 10- 8 
M kinetin: '40% of the exp,lants on th~s 

medium produced small, peripheral tufts of ca1lus, whereas the 
i

l

\ 

rernaining 60% produced roots. There were no e~blants producing 

both callus and roots. The leaf disks were en1~rged aboue 50% 
,1 

in diarneter, but showed no.convolution. The disks were slightly 

chlorosed; less 50 in those explants with roots.' (Figure 9f) 

10 - 7 k" . lt' 1-1. ~netl.n cu ures 

The mai~ characteristic of the 10-
7 molar kinetin cultures 

(Figure 10), as in the pr~vious cul ture series, was small, 

peripheral tufts of callus occurring at the cut ends of vascular 

bundles. The one exception to this was the 10-5 M IAA explants 

which developed a thick, brown friable callus entirely lining the 

edge of the leaf disk. 

The leaf disks were generally slightly chlorosed, except 

for tissue adjacent to vascular bundles, which was deep green. 

The disks were aiso slightly convoluted and enlarged about 50% in 

diameter. 

As in the previous two series, the only type of or,gano

genesis observed in these cultures was root formation, which only 

occurred at the highest auxin concentratlons in correlation with 

the amount of auxine -3 10 M IAA induced root organogenesis in 

-4 50% of the explantsi 10 M IAA ln 10%. The roots, wer~ long, 

fibrous, and covered in root hairs. 

.. 

~ 
Speclfic descrlptlons of the morphogenetic response on each 4 

medium are as follows: 

'" 
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" F1.9ure 10: 

'. 

Tobacco leaf disks cultureà for four weeks on medium 
containing 10-7 mo1ar 

tions of IAA. 

al 10-8 M IAA (4.5x) 

cl 10-6 M IAA (3.7x) 

el 10- 4 M IAA (1.4x) 

kinetin 

b) 10- 7 

dl 10- 5 

f} 10- 3 

and various concentra-

M lM (4.5x) 

M lM ( 3 . 4x) 

M rM (2.0xl 

,. 

) 

() 

. 
1 

1 
1 
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10-- 8 M lAA / 10-7 M kinetin:" 100% of the explants produced 
" 

small peripheral tufts of callus (2 to 4 per expIant). The disks 

were slightly chlorosed and convoluted, and en~arged about 20% in-

diameter. (Figure 10a) 

10-7 'M lM / 10-7 M kinetin: 6% (one expIant) of the 

explants on this medium showed no apparent meristematic activity_ o 

90% produced small, peripheral tufts of callus, as described 

above. (Figure lOb) 

10-6 M lM / 10- 7 M kinetin: 100% of the explants produced 

from a few to many small peripheral tufts of ca11us. 6% (one 

expIant) .also produced roots. The leaf disks were slightly 

convo1uted and chlorosed, and enlarged about 50% in diameter. 

(Figure 10c) 

10-5 M· lM / 10- 7 M kinetin: 100% of the explants on this 

medium developed a brownish-green friable callus lining the disk 

periphery. There was no organogenesis of any type. The disks 

were slightly convoluted and chlorosed, and about 50% en1arged in 

diameter. (Figure 10d) 

10-4 M lM / 10- 7 M kinetin: 
. " 

100% of the explants produced .. 
tufts of callus along the.disk peripheries. 10% also developed 

roota. Otherwise, as above. (Figure lDe) 

10-3 M lM 1 10- 7 M kinetin: 100% of the explants prod,uced 

peripheral tufts of callus, with 50% also producing roots. 

Otherwise, as above. (Figure lOf) 

\, 
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~ 10-6 M kinetin cuitures 

The 10-6 ma1ar kinetin culture series (F~gure Il) was the 

least consistent in growth response, though to varying degree~ 

aIl the cultures did produce caHus tissue. The highest auxin 

concentration (10- 3 M lAA) ~nduced root production ~n 30% of the 

explants. Lower auxin concentrations (10- 5 to 10-8 M lAA) 

induced vegetative shoot organogenesis to v~rying degrees, the 

amount inverse1y proportiona1 to the auxin concentration. Most 

of the vegetative organogenesis was cal1used in appearance, with 

-6 the exception of the 10 M lM cultures, w~ich produced weIl' 

defined' shoots .. An unexpected finding was/'the production of 

roots at the lowest auxin concentration (10-8 M lAA) i however, 

the origin of these roots was difficu1t ta as certain and rnay have 

been adventl. tious. Other than this,! roots were ooly observed in 

10-3 and 10- 4 M lAA cultures, regardless of kinetl.n<concentratl.on. 

The leaf disks were usually partially ehlorosed, slightly 

convoluted, "and enlarged in diameter (8% to 75%). 

Specifie descriptions are as follows: 

10-8 M lAA 1 10-6 M kinetin: 6% (one expIant) of the 

explants on this medium were necrosed after four weeks in 

culture: aIl the rest produced sorne callus tissue. 50% of the 

viable explants produced only nodule-1ike callus 

tufts, while the rest also produeed sorne organogenetic 

structures (i. e. shoots and/or roots). Of the exp1ants showing 

organogenesis, approximately ha If produced only shoots, and half 
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both shoots and roots. All tpe shoots were indistinct in 

morpho1ogy, wi th thick f 1eshy 1eaves (the tissue had a ca11us-

like qua li ty, being somewhat friable, and lacking a srnooth 

surface). The leaf disks were partly chlprosed, slightly 

convo1utea in shape 1 and about 20% e~larged in diarneter. 

(Figure Ùa) 
) 
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10- 7 M lM / 10-6 M kinetln: 70% of the'" e~p1ants on this 

medium produced somewhat nodule-like callus tufts. The 

tufts were green, but had a brownish, slightly necrosed 

surface. 30% of the exp1ants also produced sorne peripheral 

vegatative shoots that were slightly callused 'and fleshy in fqrrn. 

The leaf disks were partially, chlorosed, ,and very slightIy 

convo1uted and enlarged in diameter (about an 8% increase in disk 

diameter) . (Figure lIb) 

10~6 M lM / 10-6 M kJ.netin: 100% of the t!xplants produced 

small tufts of callus aiong the disk peripheries. 20% produced 
" 

one or two vegetative' shoots per expIant. These shoots 

odginated in the callus and were weIL developed, 0.5 to 1. 0 cm 

in height, and had 6 to Il nodes of growth. The leaf disks were 

s1ightly convoluted and about 30% enlarged in diameter. (Figure 

Ile) 

10-5 M IAA 1 10-6 M kinetin: 100% of the explants. on this 

medium produced friable, brownish-green peripheral callus. 10% 

also showed vegetative organogenesis consisting of a small 

vegetative shoot (or what appeared to be a slngle leaf, in sorne 

cases) or1ginating in callus. The vegetative organogenesis was 
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Figure Il: 

" 

, 
.> 

Tobacco 1eaf disks cultured for four weeks on medium 

con'taining 10-6 
M kinetin and various concentrations 

of IAA. 

a) 10,-8 M lAA (1. 3x) 

b) 10-6 M lAA (2.0x) 

e) 10'::'4 M lAA {4.0x} 

,v 

b) 10- 7 

d) 10-5 

f) 10-3 

~, 

M lAA (3. 4x) 

M lAA (3.1x) 

M lAA (2. 4x) 

) 

<f' 

1 

1 . 
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• 
very callus-like in appearance. The leaf disks were convoluted 

and en1arged in diamete b~ about 75%. (Figure lld) 

10-
4 

M lM / 10 100% of the explants produced 

the typical peripheral '~fts of ca11us. There was no 

differentiated growth on this medium. The 1eaf disks were 
, ---

somewhat enlarged (about a 30% increase in diameter), slight1y 

chlorosed, and convo1uted in shape. (Figure Ile) 

-3 -6 10 M lAA / 10 M kinetin: 100% of the explants on this 

medium produced callus growth in form of small peripheral tufts 

growing in association with vascular bund1es. 30% also produced 

long, fibrous roots. The 1eaf disks were s1ightly chlorosed, 

convo1uted, and about 50% enlarged in diameter. (Figure llf) 

10- 5 M kinetin cultures 

The 10-5 mo1ar kinetin cultures (Figure 12) produced the 

densest, most vigorous shoot organogenesis, the best response 

occurring at 10-5 M lM. With aIL the lAA concentrations except 

-3 . 
10 M, the response was the production of hundreds of vegetative 

shoots per expIant. Most of these shoots were on1y a few 

mi11imeters in height, ana consisted of only a few nodes (less 

than 10 leaves visible by eye) of growth. On each expIant, 

how~ver, there were ten to twenty shoots which were much 1arger 

than the'rest. The 1arger shoots rangea up to 15 nodes (15/ 

leaves visible by eye) and two centimeters in height. Growth 

was predominantly oriented down into the agar, which in this 

experiment corresponded to growth trom the abaxial surface of the 
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leaf disk. The organogenetic origin of the shoots was mostly 

obscured by the density of growth. However, nodules were evident 

in all the cultures. The 1eaf disks were deep green and greatly 
,-

convoluted. ' Though the disks were obviously enlarged in 

diameter, the extent of en1argement could not be assessed due to 

the dens-i ty of shoot growth. 

Spec~fic descriptions of the 10-5 M kinetin cultures follow 

below: 

10-8 M lAA / 10-5 M kinetin: 100% of the explants produced 

a dense mass of vegetative shoots (hundreds of shoots per 

exp1ant). the largest shoots were about 2 cm long and exceeded 

15 nodes. AlI the vegetative shoots were weIl developed and 

distinct' in forro {no calius-like qualityl. Sorne callus was 
\ 

evident ~n the compacted interior of each culturels mass of de 

nove growth.' The vegetat~ve growth completely f~lled severai -
centimeters of each culture tube. ~odules bearing shoots were 

evident. 
• to 

The leaf d~sks we~e deep green, convoluted, and 

enlarged in diameter. (Figure 12a) 

10- 7 M IAA / 10-5 M kinetin: As above. (Figure 12bl 

10-6 M IAA 1.. 10-5 M kinetin: 100% of the explants produced 

- . 
dense vegetative growth, as described ab ove , except that much of 

the growth was callused in appearance. In general, the smaller 

and friable, and shoot apices were indisti~ct from callus-like 

growth. Much actual callus tissue was present on each expIant • 
• 

However, there were s'everal larger shoots (!.:..9:..:.. 1 cm high wi th 
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Figure 12: Tobacco leaf disks cultured for four weeks on medium 

containing 10-5 mo1ar kinetin and various soncentra-

tians of lAA. 

a) 10-8 M lM (1. 5x) b) 10-7 M lM ,1. 3x) 
c} 10-6 M lAA, side view (1. 6x) 

d) 10-6 M lM, top view {1. 2x} . 

e) 10-5 M lM, side view (1.9x) 

f) 10-5.o1M lAA, top view (1. 7x) 

q) 10-4 M lM (1. 2x) h} 10-3 M IAA (1.9x) 

) 
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( 
leaves up to 2 cm long) that were clearly defined in ~orrn; that 

is, did not have a callus-like quality. Organogenetic origins 

were obscured by the density of growth. (Figures I2c,d) 

10-5 M lAA / 10- 5 M kinetin: 100% of these explants were 

covered in a profusion of young shoots and shoot apices. This 

medium produced the densest, most vigorous growth of aIl the 

media tested. The growth per expIant fuIIy occupied two to three 

centirneters of culture tube space. Several hundred shoots were 

present per expIant. The origin of the organogenesis was largely 

obscured by the density of growth, though nodules were definitely 

present and could be identified as the origin of sorne of 

vegetative organogenesis. The Ieaf disks were deep green and 

very convoluted in shape. (Figure 12e,f) 

10-4 M lAA / 10- 5 M kinetin: 100% of the exp1ants showed 

dense vegetative organogenesis with hundreds of shoots per 

expIant. Sorne calius growth was evident and rnuch of the organo-

genesis had a caIIus like-quality, though weIl defined, normal 

shoots were evident. The 1argest shoots were 1 to 2 centirneters 

tail. Nodules were also evident, though callus-like in 

appearance. The leaf disks were deep green and convoluted. 

(Figure 12g) 

10- 3 M IAA / 10- 5 M kinetin: 100% of the explants produced 

a thick peripheral ring of callus. The caI1us was green, 1arge-

celled and friable. The leaf disks thernseives were deep green, 

very convo1uted, and about 75% enlarged in diarneter. 60% of the 

( explants showed differentiated growth, either vegetative shoots 

1 
, J 
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or robts. No explant developed both shoots and roots. 50% of 

the explants produced shoots, while 10% produced roots. Bath 

forms of organogenesis were weIl defined and several centimeters 

in Iength. (Figure 12h) 

10-4 M kinetin cultures 

The organogenetic response in the 10-4 molar k1netin 

cultures (Figure 13) consisted mainly of green nodules and small 

",.- shoots lining the expIant edge. These small shoots were termed 

'microshoots' for this thesis, in arder to emphasize their srnall 

size (less than 5 mm) and uniforrn lack of development beyond a 

few leaves. New shoot a~~es were continuously be1ng produced on 

the nodules. However~ if the cul,tures were maintained longer 

tnan the regular 4 week culture period, the nurnber of microshoots 

greatly increased, but none developed further than a few nodes or 

exceeded 5 mm in height. 

Nodules occurred on the expIant periphery and on the bot tom 

surface (abax1al surface) of the leaf disks, but these very 

seldom gave rise to shoots and, therefore, were not given further 

attention in this section of the results. The peripheral nodules 

always greatly outnumbered the shoots formed per expIant. The 

nodules were of two general types: smooth, green, translucent 

nodules and whit1sh-green, opaque nodules usually with epidermal 

haïrs (trichomes). Both types gave rise to shoot buds, though 

more commonly the latter. (The translucent nodules were 

possibly an immature form of the opaque nodules.) Since shoots 
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only arose from nodules, and never directly from the disk 

surface, the nodules were termed 'propagation nodules', though 

often abbreviated simply to 'nodules' in this thesis. New 

nodules, as weIl as shoots, developed on propagation nodules. 

There was a pronounced increase in disk size in the 10-4' M 

kinetin cultures, with the greatest increase occurring in the 

-5 10 M lAA cultures. The increase in disk diameter ranged/from 

40% to 70%. 

AlI the leaf·disks becarne convoluted in culture. Generally 

the greatest amount of organogenesis occurred along those 

portions of the expIant edge which were lifted away from the,' agar 

by convolution of the leaf disk. AlI the cultures were a healthy 

green colour, although the leaf disks were often pale green at 

the center and deep green at the periphery. 

There was a general gradient of increased size and degree 

of development of the microshoots with increasing concentrations 

of lAA. 

Detailed descriptions of the morphogenesis occurring on 

each medium in this culture series are as follows: 

-8 -4 10 M lAA / 10 M kinetin: 100% of the explants showed 

peripheral propagation nodules, microshoots and shoot apices. 

Both types of nodules were present: hairless, translucent green 

nodules, and haired, whitish-green, opaque nodules. Shoots most 

frequently occurred on the latter. Nodules outnumbered shoots by 

at least 5 to 1. The leaf disks were mainly deep green, 

convoluted, and about 40% enlarged in diameter. (Figure l3a) 



, 

( 

\ 

-7 -4 
10 M lAA / 10 M kinetin: 100% of the explants on this 

... 
medium showed peripheral propagation nodules, shoot apices and 

microshoots. There were about 100 to 150 nodules per expIant, 

and about 25 to 50 microshoots and shoot apices. The leaf disks 

were deep green with yellowish patches, convoluted, and about 40% 1 

enlarged in diameter. (Figure l3b) 

10- 6 M lAA / 10- 4 M kinetin: 100%,of the explants were 

peripheral1y 1ined with propagation nodules. A few of these bore 

microshoots and shoot apices. The number of nodules per expIant 

ranged from 100 to :50, but there were only about 10 shoot 

apices. The explants were slightly chlorosed at the centres, but 

deep green at the peripheries, and showed about a 40% increase in 

diameter. (Figure 13c) 

10- 5 M IM / 10- 4 M kinetiI!:" 100% of the explants showed a 

profusion of propagation nodules, young vegetative shoots 

(microshoots) and shoot api ces along the expIant edge. There was 

a 60% to 70% increase in disk diameter, and aIl the disks were 

convoluted. The explants averaged 50 to 70 readily visible 

shoots per expIant, and an estimated 100 to 200 propagation ~ 

nodules. Thus, there was at least a 2:1 nodule to shoot ratio. 

(Figure l3d) 

10- 4 M lM / 10-4 M kinetin: 100% of the exp1ants had 

propagation nodules, shoot apices and mic;oshoots lining the 

expIant edge, the largest microshoot a few millimeters high. 

~he explants were deep green, convoluted, and 50% to 60% enlarged 

in diameter. (Fig~re 13e) 
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Fi~ure -13: Tobacco 1eaf disks cu1tured for. four weeks " . on medium 

containing 10- 4 mo1ar kinetin and various concentra-

tions of lM. 
a) 10-8 

M IM (3.6x) b) 10-7 
M IM (3.6x) 

c) 10-6 
M lAA (3.4x) d) 10-5 

M lAA (3.6x) 

e) 10-4 
M lAA (3.6x) \ f) 10-3 

M lAA (3.3x) 
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-3 -4 ~ 10 M lAA 1 10 M kinet~n: 100% of the explants had 

propagation nodules, shoot apices and microshoots lining the 

expIant edge. The largest shoots were about 8 mm tall with weIl 

developed leaves. Generally, but not always, the shoots came from 

nodules with hairs. The expIant edges were thickened from cell 

growth and division. ExpIant diameters were increased by 40% to 

50%. The leaf disks were convoluted and deep green. (Figure 

l3f) 

10-3 M kinetin cultures 

The organogenetic response in the 10-3 molar kinetin 

cultures (Figure 14), the highest of the kinetin concentrations 

tested, consisted predominantly of nodule-like structures. These-

structures were tiny (diameters less than 1 mm), green, 

translucent globes so termed to distinguish them from propagation 

nodules. The globes were smaller than nodules and never gave 

rise to vegetative shoots. The globes occurred ~ear the 

periphery of the leaf disks (b~t not directly on the explant's 

edge, as in the case of propagation nodules) on thé upper, 

adaxial surface. 

Only the .10- 3 M IAA cultures gave rise to propagation 

nodules and shoot apices . 

At concentrations of lAA lower than 10-3 M, the high 

cytokinin concentration was obviously antagonistic to tissue 

viability. This was indicated by necrosis of the peripheral 
\ 

cells, which were in the most immediate contact with the agar 

, . ' 

1 
1 

1 
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medium due to down-curling of the leaf disk edges. The explants 

aiso showed'various degrees of chlorosis: The amount o~ 

chlorosis diminished with lower concentrations of IÀA. 
{7 \ 

Specifie details follow for\ each medium: 
-8 0 -3 \ 

10 M lM 1 10 M kinetin:\ 20% of the explants on this 

medium sho ed no apparent rneristerna~c activity: 80% produced 

minute, g een glQbes, as described ab ve. AlI the explants were 

slightly chl~r~se1 with downCcurle"d e ges and necrosed < 

peripher~l cells) (Figure l4a) 

10- 7 M lM 1 10- 3 M kinetin: 60% 0 the explants showed no 

apparent ~eristematic activity: 40% produc d globes. AlI the 

explants were partially chlorosed (tissue pa e green with yel10w 

patches) with down-curled edges and necrosed eripheral cells. 

(Figure l4b) 

10- 6 M lAA 1 10-3 M kinetin: 80% of the e piarrfs showed no 

apparent meristematic activitYi 20% developed glo es. AlI the 
~" . 

exp1ants were ch1orosed with edges curled downwards And 

peripheral cells 

10-5 M lAA 

necrosed. (Figure 
t 

1 10-3 M kinetin: 

14c) 
\ 

90% of the explantsr~ 

apparent mer,istematic activitYi 10% produced nodules. ExpIant 

appearance, as above. (FiCJure 14d) 

no 

10- 4 M lAA l' 10-3 M kinetin: 10% of the explants showed no 

apparent meristematic activity, whereas 90% produced globes. 

ExpIant appearance, as above. (Figure 14e) 

10-3 M IAA / 10-3 M k!netin: The upper, adaxia1 expIant 

edge was covered in smal1, green, translucent propagation nodules. 
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Fi~re 14: Tobacco leaf disks cu1tured for four weeks on medium 
. -3 

contain~ng 10 molar kinetin and various concentra-

tions of lM. 

) a) 10-8 M lAA (6.Sx) b) 10- 7 
M lM (6.5x) 

c) 10-6 M lAA (5.Sx) d) 10-5 M lAA (S.Sx) 
~ 10-4 ( . .6 • Sx) . f) 10-3 (S.5x) e) M lAA M IAA 
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Sorne of the nodules had epidermal hairs, unlike the g~obes formed 

at lower lAA concentrations. Sorne vegetative shoot apices were 

apparent originating from nodules. The shoot apices had one or 

two weIl formed leaves and several leaf primordia. Nodule-like 

structures were also present at the peripheries of necrosed 

patches o~curring in the central area of the leaf disk. (Figure 

l4f) 

A number of these explants were left in the culture 

environment to determine whether the vegetative apices (which 

were less developed than the microshoots occurring on 10-4 M 

kinetin nodules) present on the cultures would develop further 

with longer culture times. After nine weeks of culture, the 
~ 

apices were no more developed than after four weeks of culture' 

time. However, the nurnber of apices pet expIant had greatly 

increased. At nine,weeks of culture, the explants were covered 

in àpices over the entire upper, adaxial disk surface; however, 

these apices had no more than eight nodes of growth including 

aIl visible prirnordia (as determined by microdissection). 

f 

Thus, the lesser degree of shoot development on tife lO~3 M 

kinetin nodules, as compared ta the microshoots on the 10- 4 M 

kinetin nodules, '.vas not due to slower growth rates, but to 

apparent inhibition of development beyo~d the formati?~ of about 

8 primordia . 

~ 1 
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Summary oof the leaf disk response to different lM and 
1· 

kinetin concentrations 

The ab ove results, which are a1so summarized in Table 14 

105 

and in Figures 15 and 16, showed that the most important factors 

regu1ating vegetative organogenesis and callus production in the 

tobacco leaf disk system was the absolute concentration of 

-8 <!J7 kinetin. 10 and 10 molar kinetin cultures were characterized 

by sma11, peripheral tufts of callus. 

10-6 molar kinetin cultures were characterized by 

peripheral tufts of callus and sorne vegetative shoot production. 

~t this kinetin concentration only, the amount of vegetative 

organogenesis decreased with increasing lM concentration (Figure 

15). Thus, only at 10-6 M kinetin, was the auxin/cytokinin ratio 

a possible factor regulating organogenesis (Figure 16) . 

10-5 molar kinetin cultures we~e tha~acterized by dense 

vegetative shoot growth and propagation nodules. 10- 4 M kinetin 

cultures were characterized by the prolific production of 

propagation nodules as weIL as small vegetative shoots 

(microshoots). lO-3,M kinetin cultures were characterized by 

smal,! green translucent globes except at the highest concentra

-3 tion of auxin (la M lAA) at which nodules and vegetative apices 
" 

were produced. ) 
1 

Thus, vegetative organogenesis only occurred at kinetin 

concentrations greater than or equa1 to 10-6 M, and callus 

production at kinetin concentrations less than or equal te 

6 -3-5 10- M, with the one exception of the la M IAA / 10 M kinetin 

•• 
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10-8 M IAA 10-7 M lAA 10-6 M lAA 

~ 100~ callus tufts 100% callus tufts 100% callus tufts 
:E 

00 
1 
o 

( - 6% no growth) 

1=1 
'r-! 
~ 100% callus tufts 100% callus tufts 100~ callus tufts 

.:a: 

(- 6% no growth) -6% roots 

1=1 
~ 100% callus tufts 100% callus tufts 100% callus tufts 

:E 

\0 
1 
o .-

50% veg. shoots 
38% shoots and 

roots 

30% veg. shoots 20% veg. shoots 

100~ vegetative 100% vegetative 100% vegetative 
shoots and nodules shoots and nodules shoots and nodules 

lf'I 
1 
o 

s:: 
~ 10076 nodules 
:E: and microshoots 

v 
1 
o 
=-

100% globes 

r<"\ 
1 (20;10 no growth) 
o 

100% nodules 
and microshoots 

100% globes 

(60% no growth) 

(calI us-like ' 
quali ty ) 

10076 nodules 
and microshoots 

100% globes 

(80% no erowth) 
) 

t ..1-.----

/ 



( 

Table 14: Leaf Disk Response to Different IAA and Kinetin 
"Concentrations. Numbers refer to the percentage 
of viable explants showing a particular response. 
Numbers in parentheses represent the percentage 
of explants showing no in vitro growth. 

10- 5 M IAA 10-4 M IAA 10-3 M IAA 

100~ callus tufts 100% callus tufts 40% cÂllus tufts 

2096 roots 6096 roots 

100~ callus 10096 callus tufts 100% callus tufts 
(lining explants) 

10% roots 5096 roots 

/ 

100% callus 100% callus tufts 100% callus 'tufts 
(lining explants) 

10% veg. shoots 

100~ vegetative 100% vegetative 
shoots and nodules shoots and nodules 

10096 nodules 
and microshoots 

100% globes 

(90% no growth) 

(callus-like 
quali ty) 

10076 nodules 
and rnicroshoots 

100% globes 

( 10% no growth) 

30% roots 

100% thick callus 

50% veg. shoots 

10% roots 

100% nodules 
and microshoots 

100% nodules 
and shoot apices 

L.(\ 
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FIGURE 15 

MOlARITY of IAA 

Histograp'hic Rep'resentation of Leaf Disk --
B.!.!e onse to Different IAA and Kinetjn 

Concentrations. 

The vegetative shoot. root, and callus production 

for each medium is shown. 

The number in each square represents the 

auxinl cytokinin ratio. 

LEGEND: 

callus 
roots 

shoots 
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~edium (Figure 15). Propagation nodules on1y occurred at kinetin 

-5 concentrations greater than or equal to 10 M (Table 14), 

Root organogenesis occurred on1y at the highest auxin 

1 -4-3 
concentrations, 10 and 10 M IAA, and even then only at the 

highest auxln/cytokinin ratios (Figures 15 and 16)" 

\ 
\ 

b) Physico-\chemica1 and biological response to high lAA 

concentra tions 

An interestlng, al though inclden tal, observation from the 

'preceding experiment was tlie appearance, in the 10-3 
1-1 lM media, 

of a photochemica1 product which vigorously stimulated root 

growth. 

In the 10- 3 M lAA cultures of the prëceding experiment, a 

brown band formed in the medium, starting 7 to 8 mm below the 

surface of the agar and extending for 15 mm through the medium 

~ 
(Figure 17). _ The brown band had a gradlent of colour intensi ty: ~ 

it was deepest brown at the top and just barely vlsible 15 mm 

lower. The intensity of colour ,vas also inversely related to the 

kinetin concentration; the lower the kinetin concentration, the 

deeper the brown co1our (Figure l8a) . 

The brown band appeared to act as a root stimulator, in 

that there was vigorous root growth and extensive branching 

wi th·in the limi ts of the brown band (F igure 18b, c, d). As the roots 

approached the lower limits of the concentration of brown 

product there was an apparent inhibi tion of root growth in tha t 

none of the roots extended beyond the 1iml. ts of brown colour and 

---1 
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Figure 17: Diagram of root growth from 
tobacco leaf disk in relation to brown 
photochemical product appearing in the 
10-3 molar lAA media. 
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Figure 18: Tobacco leaf disks ~ultured on 10- 3 molar lAA média. 

Figure 18a represents l week cultures, and 18b to ISf 

represent 4 week cultures. 

a) The appearance of the brown band in 10- 3 M lAA 
, 

media after 1 week of culture. The band was only 

a few mm wide and deep brown in colour. The 

culture tubes represent, from 1eft to right, 
-3 -4 -5 duplicates containing 10 , 10 and 10 M 

kinetin. The intensity of colour in the band 

increased with decreasing kinetin concentrations. 

(0 .4x) 

b) to d) Examples of extensive root growth and 

branching wi thin the brown band (band 'not clear1y 

reproduced by black and whi te photography) in 

media containing 10-3 M lAA and, respectively, 

10-a, 10-7 and 10-6 M kinetin. (b: 1.4xi c and d:~ 
2.7x) 

e) and f) Examples of root growth wi th thickened root 

tips in media containing 10- 3 M lAA plus, 
-7 -a 

respectively, 10 and 10 M kinetin. (e: 2.7Xi 

f: 2.8x) 

) 
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consequentlY"all the roots were unusually uniform in length ' 

(Figure 18, b to f). Also, the root tips were abnormally 

thickened, often an indication of inhibition of root growth 

(Figure 18e, f) . 

112 

Ta ascertain whether this brown band was a consequence of 

photochemical, physico-chemical, or bialogical processes an 

experiment was performed in which 10- 3 M lAA media in carnbination 

-8 -6 -4 with various kinetin concentrations (0, 10 , 10 , 10 M) were 

cultured under total light or total dark conditions, with and 

without leaf disk explants. The results are reported in Table 

15. 

These resul ts indicated that the brown bands were a 

consequence of a photochemical process and were definitely not 

due ta the explants. The experiment also canfirmed the 

observation that the intensity of brown colour was ralated to the 

kinetin concentratidn (as evaluated by eye, the brown bands in 

the kinetin-free medium were slightly darker than those in 10- 4 M 

kinetin medium) . 

The resul ts from this experiment' aiso indicated that both 

1ight (possibly due to the brown photochemica1 product) and 

kinetin were required for root organogenesis. No roots were 

formed in the dark on any of the media tested (Table 15). Also, 

no roots formed on the medium without kinetin, but did farm on 

-8 6 the media with 10 and 10- M kinetin (Table 15). 
; 

The photachemicai product, likely re1ated ta indole, was 

not identified. The following type of physica-chemica1 process ' 

, ! 
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Regime 

Light 

Dark 

Light 

Dark 

.. 

-- .,. 
l' 

o M kinetin 10-8 M kinetin 10-6 M kinetin 10-4 M kinetin 1 

c with explants 
1 

, 

-explanta viable -callua + roota -callus + roota \ -vegetative" 
! 

but no growth shoots 
-'brown band -brown band -brown band -browl'). band 

" -expIant necrosis -expIant necrosis -sorne caIIu8 -expIant necrosis 
~ 

" 

-no band' -no band -no band --no band 

without explants 
- , 

\'-. 

-brown band -brown band -brown band -brown band 

-no band -no band -no band 
, 

-no band 

Table 15: The Phyaico-chemical and Biological Effects of 10-3 M lAA. 
Th~ physico-chemical effect of 10-3 M IAA on media at variou8 
concentra~ions of kinetin in Iight and dark regimes, with 
and wlthout the presence of explants. The blo1ogical effect 
of IAA on leaf disk.explants also noted. 1~ replicates per 
treatment. 
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wou1d explain, this phenomenon: The brown band c~uld be the 
/ . 

result of a photochemical, partia1 oxidati~n reac.tion requiring 
; 

a'specifiG oxygen concentration. This photochemical product is 

diffusible through the agar but is bleached at higher oxygen 
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concentrations as found near the surface of the agar. This would 

M.., explain~ t!lhy the band appeared as a gradi~nt of decreasing 

concentration of brown product and why there was no coloured .. 
product above the band (in the top 7 mm of agar) . 

As this was simply an incidental observation i~ the course 

of,th~ research for this thesis, no further efforts were made to 

elucidate the brown band phenomenon and this subject will not be 

referred to again,' in this thesis. 

c) Callus production from 1eaf disks • 
v 

Various media were tested in which the cytokinin (kinetin) 

and auxin (IAA or 2,4~D) concentrations were varied in order to 

obtain vigorous callus prodùction from leaf disks of ~obacco. 

Results previously repor~ed in this thesis indicated that 

10 -5 M lM in cornbination wi th 10 -6 r1 kinetin was the best cal lus 

producing medium when using lAA as the auxine Therefore, this 

medium was tested against a series of media using 2,4-D as the 

auxine The concentrations tes~ed were 10- 6 M, 5 x 10-6 M and 

-5 -7-6 10. M for 2,4-D, and 10 and 10 M for kinetin~ 

_replicates for each auxin~cytokinin combination and 

were grown for 39 days. 

.. 

There were 1 
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The'results for this experiment are summarized on pag7 117. 

This was the control medium -5 -6 10 M lAA / 10 M kinetin: '> 
1"-. 

for' the experiment. 100%uof the explants produced callus, but 

the callus growth was not exten·sive. ' The callus was generally 

about 3 mm in thickness, ~rowing along a few scattered sections 

of the expIant edge. 

90% of the explants on this medium showed either shoot ,or 
. 

root organogenesis, after 39 days of culture. The sarne medium in 
. 

the previous experimen~ had shown organogenesis in only 10% of 

the cultures~ after 28 days of culture. Thus, it is possible 

that a longer culture period leads to an increase in the 

incidence of organogenesis. 

The explants with the greatest degree of caIIus growth aiso 

showed the greatest degree of· vegetative growth. The callus 

tissue was brownish with the edges of each callus tuft necrosed. 

10- 6 M 2,4-D f 10- 7 M kinetin: 100% of the explants' 

produced callus tissue which was greenish-brown and friable. The 

exp1ants were pale green, convoluted, and lined with 7 to 8 mm of 

ca1lus tissue. There were sorne dense, pale green and whitish . 

tissue clumps in the callus, as weIL as small white, elongated 

projections associated with fine hairs. 

5 x 10-6 M 2,4-D / 10-7 M kinetin: 100% of the .~xplants 

produced sma11 tufts of callus tissue along the expIant edges, 

but the caIIus tissue was totally necrosed by 39 days of culture, 

as was most of the original expIant tissue. 

10- 5 M 2,4-D ,f 10-7 M kinetin: As above, except necrosis 

l 

" 
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was more extensive. 

10-6 M 2,4-D 1 10- 6 M kinetin: This medium produced the 

most vigorous ca1lus tissue of aIl the media tested. 100% of the 
-

explants produced vigorous callu~ growth generally ~reater th~n 

1.5 cm in thickness. The callus was mostly translucent green and 

friable, wi th sqme pale green or whi tish hard" dense are as (much 

like cau1if1ower heads in appearance) • 

The callus tissue aIse showed sorne erganized growth. This 
.... 

consisted of small translucent or whitish elongated, nob-1ike 

projections. These formations were often associated with 

delicate tufts of white hairs, usually growing from the base of 

the projections. 

5 x 10- 6 M 2,4-0 1 10-6 M kinetin: 100% of ~he explants 

produced a thick c~llus growth about 10 mm' thick. However, the 

callus was deep brown and almost totally necrosed by the time of 

analysis. The amount of growth was not,sufficient for nutrient 

depletion to be the cause of necrosis. 'There were sorne small 

patches of 'white callus among the necrosed tissue. Thus, this 

medium apparently induced a vigorous rate of callus growth, but 

with premature necrosis. 

10-5 M 2,4-0 1 10-6 M kinetin: 100% of the explants 

produced callus tissue which was deep blackish-brown and necrosed 

by the time of analysis. The explants (~ the leaf disks) were 

pale yellow, en1arged in diameter, convoluted in shape, and lined 

with about 5 mm of cal lus tissue. As in the previous case, the 

medium induced callus growth, but with premature necrosis. 
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Summary of ca11us production from 1eaf disks 

2,4-0 was superior ~o lAA in the production of vigorous, 

green cal1us tissue from 1eaf disks. In testing various 

concentrations of ),4-0'"(10-6 M, 5 x 10-6 M, 10- 5 M) and kinetin 

(10- 6 M, 10-7 M), optimal cà1lus production occurred on medium 

containing 10-6 M concentrations of both 2,4-0 and kinetin. 

Higher concentrations of 2,4-0 induced ca1lus growth, but with 

early necrosis of both the expIant and callus tissues. 

-6 " The ca11us produced on 10 M 2,4-0 media·showed sorne 

potential for organized growth. The organogenetic structures 

consi~ted of small nob-like projections usua1ly associated with 

tufts of white hairs. These structures were thqught to be root 

apices. 

iii. oescr~Ptions of leaf disk response on optimal nodu1e--and 

shoot-prod~cing media 

Two media were selected for aIl subsequent experimentation 

reported in this thesis. These were chosen from the previously 

reported experiment on leaf disk response to various lAA and 

kinetin concentrations. The selected media were: the optimal 

medium for producing propagation nodules and microshoots, and the 

optimal medium for producing vegetative shoots. The lAA 

-s concentration in both media was 10 M; the concentration of 

4 -5 ' 
kinetin was 10- H in the nodu1e-producing medium and 10 M in 

the shoot-producing medium. 

.' 
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Since the two media were used in all.subsequent research 

for this thesis, it is appropriate at this point to give a more 

detailed descriptlon of expIant morphology,after culture on these 

media, than that previously offered in Section IV-2-ii-a of this 

thesis. 

Culture response on nodule-producing medium: Figure 19 

shows two typical leaf disks after four weeks of culture on the 

nodule-producing medium (10-
4 

M kinetin / 10- 5 M lAA). The main 

characteristic of leaf disks cultured on this medium was the great 

number of propagation nodules formed along the disk periphery and 

on the underside (Figure 19,b to e). The nodules were chlorophyl-

lous, organlzed structures. The peripheral nodules were ma.inly of 

two basic types: smaller, green, translucent nodules, and larger, 

whitish-green, opaque nodules which often had epidermal hairs. 

Cross-sections of the latter type of nodule under the dissecting 

microscope revealed that the nodule interlor was composed of 
1 

green, translucent cells, while the exterior was composed of 

whitish-green cells that were loose and iriable in appearance. 

The nodules on the underside of the disk (i.e. in contact 

with the agar medium) were apparently randomly scattered over the 

disk surface (Figure 19c,e) in that the nodules were neither 

associated with vascular bundles ln the leaf disk nor polarly 

located. These nodules were generally larger than peripheral 

nodules and had whitish or brownish exteriors. The nodules on 

the disk underside seldom developed shoot buds. The ones that 

did show differentiation of apices were those exposed to air and 
1 

1 

, , J 
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Figure 19: 

/ 

Two typical leaf disk exp1ants after four weeks of 

culture on ~odule-producing medium (10- 4 M kinetin 1 
10- 5 M IAA). Figures 19a ta c represent one expIant; 

19 d and e, the second. 

a) An ~ situ view. (3.7x) 

b) and d) The top (adaxial) surface of the e~plant. 

(b: 2.6x; d: 3.3x) 

c) and e) The bottom (abaxial) surface of the expIant. 

(c: 2.6x~ e: 3.3x) 
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were greener than most of the underside nodules. 

There were several hundred nodules and about 50 to 100 

shoot buds per expIant. The shoot buds (shoots and shoot apices) 

always arose from propagation nodules and never directly from the 

leaf disk. Propagation nodules also gave rise to other 

propagation nodules. 

The diameters of the leaf disks increased in culture by 

sorne 60 to 70%. The disks also became convoluted in shape, as· 

shown in Figure 19. AlI the original expIant tlssue and aIl de 

nova tissue were chlorophyllou:J, al though a sligh tly pa 1er green 

in the center of the disk than at the periphery. 

Culture response on shoot-producing medium: Figure 20 

shows two typical leaf disks after four weeks of culture on the 

shoot-producing medium (10- 5 M kinetin / 10- 5 M IAA). As seen in 

Figure 20, this medium produced vigorous shoot organogenesis. 

Hundreds (500 plus) of chTorophyllous shoots were formed per 

expIant. Most of the shoots were only a few millimeters in 

height with three to four 1eaves per shoot. However, on each 

expIant there were ten to twenty shoots greater than a centimeter 

in length. These 1arger shoots had up to 15 weIl formed leaves 

and were up to three centimeters in length. Most of the de novo 

growth on this medium arose from the abaxial surface of the leaf 

disk and was oriented down into the agar medium (Figure 20a). 

The de ~ growth was very dense, filling 3 to 4 centimeters of 

culture tube space. Sorne of the shoot tissue was callus-like in 

quality, especially in the central portions of the culture mass. 
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Figure 20: Two typical leaf disk explants after four weeks of 

culture on shoot-producing medium (10-5 kinetin / 

10-5 M lAA). Figures 20a and b represent one expIant: 

20c the second. 

a) An in si tu view. (1. 6x) 

b) and c) Side views of the explants removed from the 

culture tubes. (b: 1.7x; c: 2.0x) 

) 
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The callus-like quality apparent by,four weeks of culture (Figure 

20b,c) was not apparent at earlier stages)~hen the de novo growth 
,,-"-

was ,not yet so dense in the culture tubes. 

Shoot bearing nodules were evident although the density'of 

growth obscured most of the origins of organogenesis. 

The leaf disks increased in size during cu~ture~ However, 
1 

accurate measurements of the extent of the increase could not be 

made because of the density of de ~ growth which displaced 

much of the original expIant tissue. The disks were deep green 

and convoluted. 

iVe Analysis of plant imposed factors affecting organogenesis 

.... 
Several experiments were performed to determine the exte'nt 

to which plant imposed factors affected organogenesis in the leaf 

disk system. These experiments tested the effect of excision 

locus, leaf position, orientation of the disks in culture, and 

developmental stage of the donor plant on the organogenetic 

response of tobacco leaf disks cultured on nodule-producing 

medium (10- 4 M kinetin) and on shoot-producing medium (10- 5 M 

kinetin), as described in the previous section. 

The definitive experiments are reported below. AlI results 

describing leaf disk response ta a particular experimental 

condition represent essentially homogenous results occurring in 

100% of the leaf disk cultures. 'Therefore, statistical 

substantiation was not required. 
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a) Effect of expIant excision locus 

The effect of excision locus on the organogenetic response 
o 

was tested by culturing leaf disks excised from four specific 
o 

regions of the tobacco leaf, as 'shown in Figure 21. (The leaf 

lamina was sectioned into a rectangular shape excluding the 
-

petiolar and leaf tip regions. This rectangle was then evenly 
c 

~ 

divided in thi~ds, sequentially identified from leaf tip to base 

as regions A, B, and C. The side margins of the leaf were 

identified as region D. As always, the disks were excised 'from 

leaf tissue avoiding main vascular bundles. 

Basically, 'the experirnentation on excision locus was 'done 

in two parts which were chronologically separated. The first 

part of the experimentation tested the effect of excision locus 

at various early floral stages of the donor tobacco plant (this 

being the only plant material available at the time). The floral 

stages used were: 1) early floral bud, in which the floral apex 

of the tobacco plant was only detectable through microdissection, 

2) floral bud, in which the floral apex had a terminal closed 

flower bud, and 3) full bloom, in which the floral apex had a 

flower in bloom. For this part of the experirnentation only the 

nodule-producing medium was used. Explants were excised from 

leaf i13 of each donor plant and there were lB replicates per 

expIant type. 

The second part of the experimentation used green-fruit 

donor plants, in which the terminal flower was in the process of 

1 
1 
1 
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FIGURE 21 

Excision Regions of the Tobacco Leaf 

Diagram of the four excision regions (A,8,C,O) 

used in exp.riments t.sting th •• U.cts of 

excision locus onthè organogenetic response 

of cultured tobacco leaf disks. 
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fructification. Thê green-fruit stage was the developmental 

stage used in the experiments on hormonal regulation of organo-

genesis (Section IV-2-i of this thesis) and khus was requireà for 
1 

c valid comparisons with previous work. 

In this experiment, both the nodule-producing and shoot-

producing media were tested. Explants were excised from leaves 

.24 to 27, since these leaves wer~> of l:i comparable size and green 

colour to the leaves from the dohor plants of earlier floral 

stages which had been used in the first paÈt of this 
" . 

'experimentation. P 

Results: The results from these experiments revealed that 

the excision locus on' the donor leaf had no effect on the organo-

genetic response of the leaf disks. On nodule-producing medium, 

explants from aIl the developmental stages tested (~ green

fruit, full bloom, floral bud, and early floral budl produced the 

same organogenetic response in culture regardless of excision· 

locus. Simi1arly, on shoot-producing medium, there was no 

difference in the culture response of leaf disks from the four 

excision loci on the tobacco leaf. In fact, in aIl cases the 
, 

morphogenetic response was entirely typical for the media, as 

describ~d in Section IV-2-iii of this thesis. 

Fresh weight analysis of the explants cultured on nodu1e

producing medium revealed a grèater number of cultures from the 

marginal excision region of the leaf (region D, Figure 21) with 

fresh weights more than two standard deviations below the mean 

for the deve10pmental stage. No attempt was made to 

., 
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statistically correlate growth rates with excision locus, since 

several e~periment~l variables were implicated. The standard 

procedure for sterilizing the plant tissue, in which 6 x 6 cm 
, , 

leaf pieces are consecutively sterilized by alcohol and bleach 

solutions (see Materials and M~thods), was not applicable in the 

case of marginal tissue. As can'he seen in Figure 21, the 

marginal region (D) of the tobacco leaf was much narrower than 

the interior regions (A,B, and C) as defined for these 

experiments. Thus, possibly lower growth) rates in explants from , . 
the leaf margin could weIl be attributed to the effects of 

a1coho1 and/or bleach pen~ration during s~erilization, rather 

than to intrinsic tissue factors associated with locus. In any 

case', the use of disks from the leaf margin was avoided in 

subsequent experiments. 

b) Effect of leaf position 

The effect of leaf position was tested by culturing leaf 

disks from three different regions along the stem of green~fruit 

stage tobacco plants. These regions corresponded to the floral, 

subfloral, and middle explanting regions, as defined for the 

epidermal expIant system reported in Section IV-I-i of this 

thesis. (Note: The basal leaves could not be used for 

explanting due to partial or total senescence of the leaf tissue.) 

Explants were cultured for 4 weeks o~ both nodule-producing and 

. , -4 -5 
shoot-producing media (la and la M kinetin, respectively). 
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There wère 18 replicates per experimental condition. 

Results: On both media there were no differences in the 

organogenetic response of explan~s from leaves of the three 

defined regions a10ng the tobacco stem. The response was typical 

of the medium in each case, as described in Section IV-2-iii of 

this thesis, and not related to leaf position. 

In other words, there was no gradient of organogenetic 

response in the leaf disk system, as seen in the epidermal 

expIant system for Nicotiana tabacum. 

c) Effect of disk orientation 

The effect of disk orientation on the 'organogenetic 

'c response of leaf disks was tested by culturing leaf disks with 

either their adaxial or abaxial surfaces in contact with the agar 

medium. Both nodule- and shoot-producing media were used in 

these experimentsj for each medium 36 replicates were plated with 

adaxial contact, and 18 control replicates were plated with 

abaxial contact (the standard for aIl previous experirnentation). 
/ 

The explants were excised from 1eaves #16 to 2~ of a green-fruit 

tobacco plant with 34 nodes. 

Results on shoot-producing medium: The're was no apparent 

difference in the organogenetic responsé of the leaf disks 

whether they were cultured with adaxial or abaxial contact with 

the medium (Figure 22a,bl. The test explants, plated with 

adaxial contact, showed the same type and amount of shoot 
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production as the controls, which were plated with abaxial 

contact. Thus", 'çoth sides of the leaf disk were equ.a1ly 

.resp?nsive to the 10-
5 

molar kinetin medium. In both cases, 

growth was predominant1y from the disk edges and underside 

(whether it be the adaxial or abaxial surface). Also, in both 

128 

cases, the response was entirely typical for the sh~ot-producing 

medium as previously described in Section IV-2-iii. 

Results on nodule-producing medium: On 10-4 M kinetÜl 

medium, in contrast to the above, disk orientation did influence 

the culture response (Figure 22c to g). The response of the 

control exp1ants, which had abaxial contact with the agar medium, 

was typical'of the organogenetic response ihduced by the nodule 

producing medium (Figure 22d,el as previously described in 

Section IV-2-iii. 

The test explants, plated 50 that the adaxial surface had 

contact with the agar medium, produced comparably vigorous 

organogenesis on the lower side but no organogenesis or other 

forro of growth on the upper side (Figure 22f,g). The leaf disks 

were rolled up as shown in ligure 22c, which resulted in most of 

the bottom side being removed from medium contact. The 'adaxial , 
nodules in most direct contact with the agar medium were 

brownish (that is, the superficial tissue was slightly necrosed) 

and had very few apical centers (Figure 22g). Th~ rest of the 

adaxial nodules, which were not in direct contact with the medium 

due ta the rolled conformation of the leaf disks, were green and 

often bore small leafy shoots a few millimeters high (F1gure 22f). 
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Figure 22: 

t ~._ -- __ u ___ - _ 

• 

The effect of disk orientation on the organogenetic 

response of 1eaf disks cu1tured with either their 

abaxia1 or adaxial surfaces in contact with the agar 

medium. 

a) and bl Leaf disk explants cultured on shoot

producing medium; al with abaxial contact, bl with 

adaxial c~ntact. (l.lx) 

c) The rolled\conformatien typical of leaf disk 

explants cUftured with adaxia1 contact on nodule

producing medium (3.8x) 

d) and e) A leaf disk expIant cul tured wi th abax,ial 

contact on nodule-producing medium; d) top 

(adaxial) surface, e) bottom (abaxial) surface. 

(3. lx) 

f) and g) A Ieaf disk expIant cultured with adaxial 

contact on nod~le-producing medium; f) top 

(abaxial) surface, g) bottom (adaxial surface. 

(3. lx) 
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The organogenetic growth from the disk underside was more 

extensive than organogenesis on the control explants; that is, 

.~there were more nodules, more shoots, and more advanced shoot 
.. 

development. There was also sorne organ~zed growth along the disk 

edges, but these nodules were smaller and bore fewer a:-d less 

developed shoot apices than edge nodules on the control exp1ants. 

Summary: The results from this experiment are summarized 

in Table 16. The or~entation of the leaf disk on the agar medium 

only affected the culture response on nodule-produclng medium. 

There was no morphogenet1c effect on the shoot-producing medium. 

On the latter medium, organogenesis occurred on the surface 

having the most immediate contact with the agar medium, and both 

sides of the leaf disk were equally responsive. Thus, the 

orientation of the disk was irrelevant to morphogenetic response 

on the shoot-producing medium. 

On the nodule-producing medium organogenesis also appeared 

on the surface having the most immediate medium contact, but the 

abaxial and adaxial surfaces of the leaf disk were not equa11y 

\ 
responsive. On this medium, more nurnerous and developed 

organogenetic structures appeared when the adaxial side of the 

disk was in contact with the medium. Moreover, there was a 

difference in the product1on of peripheral nodules related to 

disk orientation; more edge nodules'occurred on disks plated 

abaxially down. 

# 
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nodule-producing shoot-producing 
medium medium 

response control test control test 
characteristic ri ~ ri .+J ri.+J r-I op 

CIl CJ ro CJ CIl CJ ro CJ 
~ro -rlCll ~cd 'ri cd 
><~ X.+J ><.+J X.+J 
CIlS:: ro s:: cdS:: ro s:: 
.00 't:lO .00 "da 
CIlCJ roCJ cd CJ ro CJ 

organogenesis on 
upper disk surface none none p.one none 

organogenesis on 
much much much bottom disk surface sorne 

(medium contact) 

organogenesis on much sorne sorne sorne 
disk edge 

predominant type 
nodules nodules shoots shoots of organogenesis 

relati"e degree + ++ ++++ ++++ 
of development 

relative amount + ++ ++++ ++++ 
of .!!!.!!2.YQ. growth 

Table 16: Summary of Diak Orientation Resulta 
A aummary of qualitative reaulta from the 
experiment on lea! disk orientation in 
culture. Tobacco leaf diaka were cultured 
for 4 weeks on nodule-producing medium 
and ahoot-producing medium, with either 
the abaxial or adaxial surfaces in contact 
wi th the agar medium. '+' signa indicate 
relative quantitiee. 
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d) Effect of developmental stage of the donor plant 

The possible effect of developmental stage of the donor 

plant on the culture response of leaf disks was tes ted in two 

experimen ts in whJ.ch leaf di sk cul tures from plants of var.1.OUS 
" 

developmental stages were eompared wlth control cultures from 

green-fru.1.t stage tobacco plants. The developmental stages 

tested were three dlfferent floral stages and a vegetative stage. 

The defin.1.tive experiments on developmental stage are as follows: 

Leaf disks from floral stages of tobacco: In thlS 

experiment, aspects of which were prevl0usly reported sinee it 

was also designed to investigate the effect of excision locus 

(see Sect.1.on IV-2-1v-a), the organogenetlc response of leaf disks 

from tobaceo plants at various floral stages was compared with 

the response of disks from green- frui t tobacco plants. The 

floral stages tested were early floral bud, floral bud, and full 

bloom. Three plants of each developmental stage were used for 
l' 

explanting. The plants were carefully chOsen for developmental 

similarity. In this experiment only nodule-producing medium was 

used. 

Results: The morphogenetic response of leaf disks from the 

various floral stages were comparable, and were consistent with 

the response of the controls. The response was typieal of leaf 

disks cultured on nodule-producing medium, as previously 

deseribed (Section IV- 2-iii). Thus, developmen t of the floral 

apex from shortly after floral induction to fruiting had n9 
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apparent effect on the culture response. 

Leaf disks from a vegetative tobacco plant: The culture 

response of leaf dlsks from a totally vegetative tobacco plant 

was tested against control explants from a green-fruit plant. 

The vegetative plant had a total of 29 nodes; leav~s #11 to 17 

wers used for explanting. The apex of the plant was dissected ta 

confirm that the plant was vegetative. This particular stage of 

vegetative tobacco plant was chosen because it had leaves of a 

size comparable with leaves of the green-fruit control plant. 

Both nodule- and shoot-producing media were used. For each 

medium there were 36 test and 18 control explants. 

Results: As before, the morphogenetic response of test and 

control explants were comparable. It was impossible ta 

distinguish between control and test explants cultured on shoot-

producing medium. The culture response was typical of explants 

on this medium, as previously described (Section IV-2-iii). On 

nodule-producing medium there were minor differences apparent 

between the control and test explants. Sorne of the explants from' 

the vegetative tobacco plant were paler green and more convoluted 

than the control explants from the green-fruit· plant. The test 

explants also had fewer nodules and less shoot growth. These 

differences are pictured in Figure 23. However, in many cases on 

this medium it was impossible ta distinguish between control 

(green-fruit) and test (vegetative) explants. Thus, in spite of 

the minor differences observed, essentially the same type and 

) 
, 
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, Figure 23: 

, , 

The effect of the developmental stage of the donor 

plant on the culture response of leaf disks from 

green-fruit stage and vegetative tobacco plants, 

when cultured on nodule-producing medium. 

a) and b) A leaf disk expIant from a green-fruit 

stage plant; a) the top (adaxial) surface, , 

b) the botto~(abaxJ.al) surface. (2. 4x) 

c) and d) A leaf disk expiant from a vegetative 

tobacco plant; c) the top (adaxial) surface, 

d) the bottorn (abaxial) surface. (2.4x) 

Figure 24: 'Dark and light grown leaf disk cultures. 

a) Leaf disk explants cultured for six weeks on shoot

producing medium in either total darkness (top) or 

total light (bottom). 1.Ox) 

b) Leaf disk explants cultured for six weeks on nodule

producing medium in either total darkness (top) or 

total light (bottom). (1. Ox) 
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pattern of organogenesis resulted on explants from green-fruit 

and vegetative stage tobacco plants. 

Summary: The developmental stage of the donor toba~co 

plant, from vegetative to green fruit, did not influence the 

135 

organogenetic response of leaf disks cultured on either nodule

or shoot-producing media. ! 

e) Summary of analyses of plant imposed f,actors affecting 

organogenesis 

In summary, there was a large .degree of intrinsic 
.. 

homogeneity in the organogenetic response of tobacco leaf disks 

cultured on nodule- and shoot-producing media (~~spectively, 

10- 4 M kinetin / 10- 5 M IAA and 10- 5 M kinetin / 10-5 M IAA). 

No effects were observed due to excision locus, leaf position, or 

developmental stage of the donor plant. In each case, the type, 

origin, and distribution of organogenetic structures were 

similar. While the orlentation of ~he leaf disk on the agar 

medium influenced morphogenesis of the explants on nodule-

producing medium (though not on shoot-produclng medium), the 

types of organogenetic structures were still simllar to the 

organogenetic response typical of that medium. The difference 
1 

in response evoked by disk orientation ,vas not a difference ln 

organogenetic processes (~nodule to shoot formation) but 

rather a difference in organogenetic responsiveness between the 

adaxial and abaxial surfaces. 
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Thus, plant imposed factors had 1ittle effect on the 

regulation of organogenesis in the leaf disk system as it is 

defined in this research. 

v. Light requirement for the induction and development of 

organogenesis 

136 

A nurnber of experiments were performed ta assess the light' 

requirement for organogenesis on cultured leaf disks . 

To test the ... light requirement for organogenetic development, 

organogenesis on leaf disks was initiated in the liqh~ and then 

transferred to the dark. Specifically, the explants received 3 

weeks of the light regime (shoot apices just apparent) followed 

by 18 days of dark regime. In this experiment only nodule-

producing medium was used. There were 36 test explants and 18 

light-maintained control explants. 

Ta test the light requiremènt for organogenetic induction, 

leaf disks were placed directly into the dark regime and cultured 

for 4 weeks. Again only the nodule-producing medium was used. 

,There were 72 test explarts and 36 '~ight-maintained control 
\ 

explants. 

A third experiment was performed to confirm the results 

from the previous two experiments, as weIl as ta extend the 

obse'rvations to shoot-producing medium. Therefore, in this 

experiment both nodule-producing and shoot-producing media were 

used. Leaf disks were placed directly into the light (control) 

---------_ .. _-_. ,,'!......,........-~- -"--==-------~ 
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or dark (test) regime and cultured'for about 6 weeks. There ~ere 

9 rep1icates per experimental condition. 

In aIl three experiments, explants were derived from green-

fruit tobacco plants, and, other than the 1ight-regime, aIl 

culture conditions were identical. 

Results: The resu1ts from these experiments showed that 

light was definite1y not required for either the induction or 

development of organogenesis on leaf disks cultured on either 

nodule- or shoot-producing medium (Figure 24). As always in the 

leaf disk system, 100% of the leaf, disk cultures in eac"1!-'-

experimental condition ~roduced an homogenous response indicative 

of that condition. On both media, the culture response in the 
1 

dark regime was similar to that/of the light grown controis. 

Organogenesis in the form of ftodules and shoots was initiated 
( 

even in dark conditions. Also, the cultures developed to an 
, 

ext~nt quite comparable with the light grown controls, as seen 

in Figure 24. Most of the morphological differences apparent in 

the dark grown cultures were those typical of light deficiency. 
t./ 

AlI de ~ growth in the dark was achlorophyllous and the shoots 

'were very etio1ated in cultures grown on shoot-producing medium. 

Apart from etiolation and lack of ch1orophy11, the clark 

grown cultures oh,nodule-producing medium produced larger and 

more numerous nodules than the light grown controls and 1ess 

shoot development (Figure 24b). In other words, dark conditions 

promoted nodule gro~th but retard~d shoot growth. The dark 

grown cultures on shoot-producing medium produced more callus 
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growth and less leaf development than the light grown controls 

(Figure 24a). In this case, the dark conditions promoted callus 

growth and retarded leaf growth. In the experiment where light ~ 
induced cultures were transferred to dark conditions, sorne abnormal 

morpholagy was evident.· The most common abnormal structure was a 

shoot apex on an elongated base, much like a celery stalk in 

appearance. 

In summary, the results demonstrated conclusively that 

~~ght was not an absolute requirement for induction and 

development of organogenesis in the leaf disk system, although 

li9ht was required for optimal de nova growth (~ the 

production of healthy, normal shoots). 

. 
vi. System subculture potential 

The subculturing potential of the leaf disk system was 

tested by subculturing leaf disk cultures on both nodule- and . 
shoot-producing media for respectively four and two passages, 

and by testing the organogen~tic capac1ty of the subcultures on o 

nodule-producing medium at both the second and third passages. 

One aim of these e~periments was to determine whether 

propagation nodules could be selectively passaged with retention 

of organogenetic capacity ~n arder to 1) increase the cloning 

potential of the leaf disk system and 2) assess the possibility 

of conveniently generating cultures through subculture ta be used 

in studies on in vitro regulation of organogenesis thus 
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e_limina ting or reducing the cons tan t need for growing tobacco 

plants. The,second aim of these experiments was to determine 

whether the highly organogenetic cultures produced on the ~hoot-
,r 

, 
producing medium could be passaged with retention of organo-

" 

genetic capacity, for reasons as previously stat~d. 

The definitive experiments and results are described below. 
" 

• 
a) Propagation through subculture 

To test the subculture potential of the leaf disk system; 

.disks were excised from leaves of green-fruit tobacco plants and , , 

cultured on either nodule-produci~g or shoot-producing medium, 
1 

under standard culture conditions (see Materials and Methods) . 

After four weeks the cultures were subdivided into 9 sections 

each, and each sect10n plated onto medium of the appropriate type, 

_,and cultured for four weeks. This process was repeated two more 

times for the subc~ltures on nodule-producing medium. Thus, 

there were a total of two passages on shoot-producing medium and 

four passages on nodule-producing medium. There were 36 

replicate cultures per passage per medium. AlI the cultures were 

visually examined and represen,tati ve cultures were removed for 

dissection after each passage. 

Results on nodule-producing medium: The leaf disk cultures 

which were initiated and maintained on nodule-producing medium 

were successful1y cü1tured for four passages with no decrease in 

growth rate or in the organogenetic capacity for nodule and 

, 

'. 

,Q 

( 

, 

L, 
f 



( 

140 

micro~hoot production. 

In the first passage; the leaf disks showed the typical 

response of producing hundreds of nodules and a large number of 

microshoots. However, on subculturing (passage #2) the growth 

rate actually increased and microshoots quantitatively 

predominated over nodules as the main organogenetic structure 

(Figure 25, a and b compared with d and g). The subcultures 

produced hundreds of smaii Ieafy shoots (450 to 600 per 

subculture expIant) of un~form size (a few millimèters in height) 

growing in aIl directions (Figure 25d,g). Distinct nodules were 

seldom identified due to the extreme density of growth, but sorne 

nodules could be detected in the subcultures. The subcultures 

easily fell apart into smaller clumps o·f shoots. These clurnps 

. were spherical with shoots radiating in aIl directions (Figure 

25c). While the number of de ~ shoots per culture increased 

with longer culture periods, the shoots never exceeded a few 

millimeters in size. Passages #3 and 4 were identical in 

appearance to passage #2, and showed no change in organogenetic 

development or growth rate (Figure 25c). 

Results on shoot-producing medium: Leaf disk cultures 

initiated on shoot-producing medium produced identlcal results 

after subculture àn the same medium. There were hundreds of 

shoots per subculture expIant, and the overall morphology was 

typical of the culture response on this medium (as described in 

Section IV-2-iii). There was also no change in growth rate upon 

subculture. 
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Figure 25: Leaf disk subcultures: 

1 
') 

a) and b) Leaf disk explants cultured for 1 passage on 

nadule-praducing medium; a) expIant remaved from 

culture tube, top view (1.9x), b) expIant ~ ~, 

side view (l.5x). 

c) A leaf disk subculture after 4 passages on nodule

praducing medium (1.5x) 

d) and g) A leaf disk subculture after 2 passages on 

nodule-producing medium; d) culture removed from 

culture tube, top view (l.9x), g) culture ~ situ 

(O.9x) . 

e) and h) A leaf disk subculture on shoot-producing 

medium after l prior passage on nodule-producing 

medium; e) culture removed fram culture tube, side 

view (O.9x), h) culture ~ situ (O.9x). 

f) and i) A leaf disk subculture on raat-p~oducing 

medium after 1 prior passage on nodule-producing 

medium; f) culture removed fram culture tube, side 

view (O.9x), i) culture in situ (O.9x). ) 
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Further passages on this medium were not attempted due to 

the success in subculturlng on the nodule-producing medium. For 

the purposes of long term maintenance of leaf disk cultures 

through repeated subculturing, it appeared much more convenient 

to do 50 on nodule-producing medium WhlCh produced slower and 

more uniform growth. 

b) Organogenetic capacities in the subcultures 

To test the capacity for producing organogerietic structures, 

other than microshoots and nodules, subcultures from the nodu1e-

producing medium were further subcultured in the second and third 
, 

passages onto shoot-producing medium and a medium optimal for 

rpot production. 
1 

The shoot-producing medium was the standard one as defined 

for this research (10- 5 M kinetin with 10- 5 M IAA). The root

producing medium contained 10- 7 M kinetin with 10- 3 M lAA (as 

determined in Section IV-2-'~i, of this thesisJ. Subcul turing was 

performed as previously described and each passage represented 4 

weeks of culture. There were 36 replicates in each case. 

Results: Subcultures passaged ante shoot-producing medium 

after one or two passages on nodule-producing medium produced 

cultures identical in appearance to leaf disks plated directly 

on shoot-producing medium (Figure 25e,h). The subcu1tures 

produced vigorous vegetative organogenesis in the form of 

hundreds of shoots per culture which ranged up ta several 
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centimeters in length. The culture response after either one or 

two prior passages on nodule-producing medium was entirely , 
typical for the Sho~t-producing mediu~ as described in Section 

IV- 2-iii. 

Subcultures passaged onto root-producing medium after one 

or two passages on nodule-producing medium produced cultures with 

greater root production than leaf disks plated directly on this 

medium. When leaf disks were plated directly on the root-

producing medium, 100% produced callus tufts and 53% roots. When 

subcultures, previously subJected to one passage on nodule-

producing medium, were plated on the root medium, 97% of the 

cultures produced callus, 88% roots, and 83% shoots (Figure 25f, 

i). When subcultures, previous1y subjected to two passages on 

nOdule-producing medium, were plated on the. root medium, 100% of 

the cultures produced roots, shoots, and callus. 

Thus, there was an apparent increase in organogenetic, 

capacity expressed on a ~oot-producing medium associated with 

rep~ated prior subculture on nodule-producing medium. 

c) Surnrnary of system subculture potential 

The leaf disk system demonstrated a large potential for 

subculture in that repeated passaging produced no decrease in 

organogenetic vigour as expressed both by growth rates and 

organogenetic capacity. In fact, in sorne instances there were 

( 
increases in growth rates (~subculture on nodule-producing 
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medium) and in organogenetic capacities (~as expressed by 

subcultures on root-producing medium) . 

vii. ClonaI propagation of tobacco 

( 
144 

An effective and effic~ent method of cloning tobacco plants 

through leaf disk culture was developed both to establish the 

c10ning potential of this system and to ascertain that the system 

could indeed produce mature, fertile tobacco plants. This rnethod 

is briefly described be1ow. 

" 

Most of the steps in cloning any plant species are-quite 

straightforward once shoot-producing cultures have been 

established. Therefore, the only step for the cloning procedure 

which had to b~ established experimental1y for this system was 

how to best induce roots on the de ~ vegetative shoots. Six 

media were tested in this capacity. The largest vegetative 

shoots from leaf disk cultures on sho~t-producing medium were 
-, 

subcul tured onto these six potential rooting media, with one 

shoot per culture and 36 replicates per medium. 

The rooting media were: 

l} culture medium with 10- 3 
M IAA and 10- 5 

M kine'tin, ~ 

2) culture medium with 10-4 
M lAA and 10- 5 

M kinetin, 

3) culture medium with 10- 3 
M IAA and 10-6 

M kinetin, 

4) culture medium with 10-4 M IAA and 10- 6 M kinetin, 

5 ), culture medium without lM and kinetin, and 

6) solidified Hoagland's solution (see Materia1s and Me thods) . 
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Optimal plantlet formation occurred on the culture medium 

without hormones. 100% of the vegetative shoots developed 

extensive root systems and the resulting plantlets were healthy 

and bushy. The other media produced call~s growth or de ~ 

shoots (rather than p1ant1ets) or were simp1y slower in producing 

plantlets. 

An effective method for ~~ing tobacco plants from leaf 

disk cultures (as established in this research) was, therefore, 

as follows: 

Step 1: Vegetative shoots were produced on shoot-producing 

medium (10- 5 M lAA and kinetin). The culture 

period was about 3 to 4 weeks. 

Step 2: Individual s~oots were subcultured onto rooting 

medium (no lAA or kinetin) to induce root formation. 

The culture period was about 3 weeks. 

Ste,e 3: 

.. JI 

Ste,e 4 : 

Plantlets were transplanted to vermicu1ite and 

grown for about 2 weeks to estab1ish more extensive 

root systems. 

The young plants were transplanted to a soi1-

vermiculdte mixture (as per Materials and Method~) . 

Subsequent growth time until the green-fruit stage 

was about 5 to 6 weeks. 

Thus, the total time elapsed from leaf disk to the green-

fruit stage was about 14 weeks, which is comparable with the 

time required to produce a green-fruit tobacco plant from seed. 

The clones were definitely capable of seed production. 

The cloning potential of this sy~tem is enormous. For 

example, even without subculture multiplication, 5400 clones, by 
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modest estimates, can be produced from a single tobacco plant 

(assuming 10 clones per leaf disk, 36 leaf disks per tobacco 
, 

plant, and 15 potentially usuable leaves per plant). With 

subculture multiplication, there is essentially infinite cloning 

potential. 

viii. Morphological development in culture 

A photographie study was made on the morphological 

deve10pment of leaf disk cultures on nodule- and shoot-producing 

media during the course of the culture period. In order to ' 

produce an appropriate developmental series for morphological 

analysis, 108 leaf disks were plated onto each medium and 15 

harvested from culture every four days and placed in FAA 

solution. Later the explants were stained with acid fuchsin, 

dissected, and photographed (see Materials and Methods). The 

development of cultures on shoot-producing medium was followed 

for 28 days, while the development on nodule-producing medium was 

followed for 35 days. A description of the morphological 

development of cultures on each medium is given below. 

a. Developmental series on nodule-producing medium 

, 4 days: After 4 days in culture, no meristematic activity 

was apparent yet. The edges of the leaf disks were slightly 

curved upwards, off the agar medium, and were lighter green than 

the central tissue. 
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( 
8 days: After 8 days in culture, sorne small edge nodules 

were detectable. Early nodules, appearing more like meristematic 

centers at this stage, were also scattered over the bottom 

surface of the disks (Figure 27a). 

1 

12 days: After 12 days in culture, edge nodules were more 

frequent, both right on the disk edge and on the outer millimeter 

of the disk's upper surface (Figure 26a). The nodules occurring 

on central portions of the bottom surface were larger and more 

numerous than at 8 days (Figure 27b). The leaf disks were now 

somewhat convoluted in shape. 

16 days: After 16 days ln culture, the edge nodules were 

larger and more numerous, so that the disk periphery was'now 

lined with propagation nodules. The first few shoot apices (less 
i' 

than 5 per Ipaf disk) w~re just becoming apparent on the edge 

nodules (Figure 26b). The nodules on the bottom surface were 

also larger in size (Figure 27c), but otherwise showed no 

distinguishing characteristic. The leaf disks were ev en mo~e 

convoluted th an at 12 days. 

20 days: After 20 days in culture, the leaf disk explants 

were now extremely convoluted in shape with up to a centimeter's 

rise in the convolution. The edge nodules were larger and 50 

numerous that indiviudal, nodules could seldom be distinguished 

(Figure 26c). Many shoot apices were apgarent on the edge 

nodules. The nodules on the bottom surface of the disk were 

larger, but no more numerous than at 16 days (Figure 27d). 

24 days: After 24 days in culture, sorne lea;y shoots were 1 
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Figure 26: . Development of peripheral nOdules on 1eaf disks 

cultured on nodule-producing medium. Figures 26a 

to 9 represent sections of leaf disk edge aftér 

various lengths of time in culture. 

a) After 12 days in culture: nodules were actually 

separating the upper and lower epidermal layers. 

( l3x) 

b) After 16 days in culture: nodules cornpletely 

lined the disk edge and were almost confluent. 

Spoot api ces were becoming apparent on the 

nodules. (13x) 

c) After 20 days in culture: the disk edge was 
,> 

thickly lined in nodules and shoot apices were 

frequently apparent. (13x) 

d) After 24 days in culture: leaf development was 

beginning on the shoot apices, 50 that the first 

microshoots were now visible by eye. (13x) 

e) After 28 days in culture: leafy microshoots were 

frequently apparent on the peripheral nodules. 

The nodules are more nurnerous and larger, and 

there were several shoot spices per nodule (as 

seen on the nodule to the extreme right in Figure 

26e). (13x) 

f) and g) After 35 days in culture: many micro

shoots were evident ('f), and several shoot apices 

were apparent on most nodules (g). (f: l3x; 

g: 27x) 

."" 
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a Figure 27: Development of nodules on the bottom surface of leaf 

disks cultured on nodule-producing med~um. Figures 

27a to f represent ~ections of the bot~om (abaxia1) 

surface of the leaf disk after various lengths of 

time in cul ture • 

a) Aftér 8 days in culture: the riodules were 

evident as centers of meristematic activity

scattered over the bottom surface of the disk. 

(15x) 

, br After 12 days in culture: the meristernatic 

centers were beginning to assume a nodule shape. 

(l5x) 

c) After 16 days in culture: the nodules were larger 

and more numerous on the disk underside. (15x) 

d) After 20 days in culture: the nodules now had a 

distinct nodule morphology. (l5x) 

e) After 24 days in culture: the nodules were la~ger 

but otherwise showed no further morphological 

development. (l5x) 

f) After 28 days in culture: detail of two bottom 

surface nodules. (27x) 
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evident on the edge nodules. There were many more shoot apices 

present, and more nurnerous and la,rger nodules (Figure 26d). The 

nodules on the bottom surface were somewhat larger than at 20 days 

days, but were obviously developlng much slower than the 

peripheral nodules (Figure 27e). 

28 days: After 28 days in culture, the edge nodules were 

still increasing in size and number and there were both more 

leafy shoots (microshoots) (Figure 26e) and more ~hoot apices 

evident. The nodules on the bot tom surface of the disk showed no 

further growth or development than at 24 days (Figure 27f), 

except for an occasional shoot apex. 

35 days: After 35 days in culture, there was even further 

increase in the number of peripheral microshoots, shoot apices, 

and nodules (Figure 26f,g) which together produced a thick ring 

of organogenetic growth around the explants. 

b. Develoemental series on shoot-producing medium 

4 days: After 4 days in culture, no morphological 

development was apparent. 

" 8 days: After 8 days in culture, meristematic centers were 

apparent aIl over the expIant underside (Figure 28a) . 

12 days: After 12 days in culture, the meristernatic 

centers had taken on a nodu1e-1ike appearance and were more 

n~us (Figu~e 28b). There was no edge growth at this stage. 

16 days: After 16 days in culture, edge growth was not 

" 
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Figure 28:< Morphological development of organogenesis on leaf 

( 
\ 

disk exp1ants cultured on shoot-producing medium. 

a} After 8 days in culture: a meristematic center 

on the leaf disk underside, typical of this stage 

of culture. (18x) 

b) After l2,days >in cul ture: a portion of tli'e 

convolqted bottom surface of the leaf disk bearing 

numerous nodules. (8.7x) 

c) to fl After 16 days in culture: 

c) detail of bottom surface nodules. (18x) 

d) a portion of leaf disk edge showing an early 

shoot apex on almost confluent nodule growth. 

(,J,8x) 

e) top view of a 16 day leaf disk expIant showing 

the convoluted form of the expIant and the 

extent of edge growth. (1. 4x) 

f) bottom view of a 16 day explant showing the 

nodules scattered over the bottom surface. 

(1. 4x) 

g) and h) After 20 days in culture: 

g) top view of an expIant. (1.4x) 

h) bottom view of an expIant. (1,.\4x) 

i} After 24 days in culture: side v~ew of a leaf disk 

culture showing the downward shoot development. 

(1. 4x) 

j) After 28 days in culture: side view of a mature 

Ieaf disk culture on shoot-producing medium. (1.4x) 

) 
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(~, 
only apparent but more developed than the growth on the disk 

.... underside (Figure 28e,f). The edge growth consisted of nodules 

and a few early shoot apices (less than 5 per disk) on these ' 

nodules (Flgure 28d). The nodule-like structures on the bottom 

surface of the expIant were larger and more numerous than at 12 

days, but showed no apical differentiation (Figure 28c,f). The 

explants were now very convoluted in shape, and de ~ growth 

along the disk edge was generally confined to those sections of the 

edge not lifted away from the medium by convolutlon (Figure 28e). 

20 days: After 20 days in culture, the leaf disk explants 

were covered in a profusion of shoots (Figure 28g,h). Hundreds 

of shoots were evident per exp lan t, and expIant volume had 

increased 5 to 10 fold in the previous 4 days of culture. 
\. 

24 and 28 da::t s : After 24 to 28 days of culture, the 

explants had increased in size and had larger de novo shoots ---
(Figure 28i,j). However, there was sorne callus tissue present, 

apparently associated with the extreme density of de ~ growth. • 
d. Summary of morphological development 

\ 
Thus, on both nodule- and shoot-producing media, the same 

developmental process was taking place: that of nodule formation 

followed by shoot initiation and development. However l ' shoot 

development was arrested at an early stage on the nodul'e-producing, 

medium. 
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V. DISCUSSION 

In this thesis, the regulation of organogenesis was 

investigated in two tissue culture systems of Nicotiana tabacum 

L. cv. wise. 38: one employing thin epidermal explants excised 

from the stem and floral branches of various floral stages of 

tobacco, the other using disks excised from tobacco leaves. 

The research involving the first system, which used 

epidermal explanEs, was focused on the quantitative analysis of 

the gradient of in vitro floral express~on known to exist in 

flowering Nicot~ana tabacum L. (as described in the Literature'" 

Review, Section 11-3). Specifically, the research was intended 

to reproduce and extend the work of Tran Thanh Van (1973a,b). 

Tran Thanh Van had described the system as simple and rapid, with 

organogenesis occurring directly and uniquely from the 

subepidermal layer of the explants. Tran Thanh Van reported an 

extremely precise expression of the floral gradient, in which the 

floral branch explants produced only floral organogenesis (under 

appropriate conditions) and that this organogenesis was direct, 

de ~ organogenesis from subepidermal cells (see the Literature 
1 

Review, Section II-3). That 'is, the flower buds were formed 
fi 

directly without prior vegetative growth. 

The resul ts reported in this thesis did not reproduce the 

above observations,by Tran Thanh Van, namely, the precise and 

simple expression of the floral gradiefit in Nicotiana. As 
~ 

described in Section IV-l, the organogenetic response was 
v 
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unpredictably variable and more complex than anticlpated. 

Contrary ta the reports by Tran Thanh Van, in the research for 

this thesis organogenesis did not unLquely orlginate in a 

subepidermai layer of the expIant. As determined by micro-

dlssection and visual annlysis, there were as many as six organo-

genetic origins. These were, in order of frequency of occurrence, 

the epidermal surface, polar callus, the cortical surface, polar 

outgrowths, non-polar callus and polar swellings. Posslbly, 

these were not six discrete o~iglns representing SlX discrete 

organogenetic processes. Rather, sorne of these mlght simply have 

been various stages of, a particular process of development. For 

example, perhaps polar callus on the explants was the result of a 

transition from polar swelling to polar outgrowth to polar 

callus. It is also possible that sorne of the apparent origins of 

organogenesis actually represented a secondary form of morpho-

genesis induced by secondary growth of vascular connections 

between de nova shoots formed on the explants. These 

suggestions are purely conJecture and there is no evidence ta 

substantiate them. They are simply intended to illustrate the 
" , 

possible extent of ,the complexity of the epidermal expIant system 

as observed in the work for t<iS thesis. 

Even assuming that the classification system used for ,the 

organogenetic origins was valid, there was probably a certain 

amount of error inherent to the classification. For example, an 

epidermally originating shoot might subsequentIy have become 

( engulfed by callus tissue and hence be erroneously classified as 

r 
f 
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of callus origin. 

By quantifying the gradient of in vitro floral expression in 

green-fruit stage Nicotiana through origin analysis, it 

revealed that the gradient was most clearly expressed in"organo-

genesis arising at the epidermal surface (Tables 12 and 13) . 

The floral gradient was weaker or absent in org~nogenesis from 

other origins. However, the origin- analyses aiso revealed 

gradients of in vitro vegetative shoot and root organDgenesis. 

There were gradients of vegetative shoot productlpn in organo

gene$lS of boih epidermai and cortical surface origins (Table 
\ 

13). The vegetative shoot gradient was opposite in direction to 

the floral gradient; that is, vegetative shoot productlon 
.f ,/ 

increased from apex ta base. The gradient of root organogenesis 
, . 

was in the same direction as the floral gradient, but was only 

" expressed in organogenesis of polar callus origin. Thus, it was 

clear that there were differen t organogenetic processes 

associated wi th the var ious or igins observed in .this research. 

Consequently, it 15 evident that the system of thin epidermai 

explants of Nicotiana tabacum L. used in this research produced 

a far more complex express~on of organogenes~s than reported by 

Tran Thanh Van for apparently the same system. 

It is possible, however, tha t the organogenesis occu·rring 

specifica11y at the epldermal surface in this research was 
, ..., 

equivalent ta the subepidermal organogenesis reported by Tran 

Thanh Van. Although histological analysis to determine the exact 

cellular origin of organogeneslS was not done in this research, 

.. 
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it was reported by Tran Thanh Van that the subepidermal organo-

genesis appeared, by visual i~spection, ta originate directly at 

the epiderma1 surface. Even sa, the type of quantified 

expression of the floral gradient reported by Tran Thanh Van was 

not reproduced in the work for this thesis, as shawn in Table 17. 

However, both sets of results clearly ind~cate the existence of a 

gradient of in vitro floral potential in green-fruit tobacco 

plants. 

Tran Thanh Van also reported a concociitant gr~dient in 

vegetative potential expressed by the epidermal explants. This 
1 

was observed in the research for this thesis as well, although 

it was observed in organogenesis originating at the cortical 

surface as well as the epidermal surface. Since organogenesis at 

the cortical surface did not also show a gradient in floral 

potential, the results from this research imply that the floral 

and vegetative gradients are not necessarily concomitant, which 

is contrary to the implication in 1ran Thanh Van's work. Thus, 

the work for this thesis indicates that in vitro gradients of 

floral and vegetative expression in tobacco probably represent 

two distinct, but interrelating physiological gradients present 

in the stern of flowering Nicotiana tabacurn L. 

Moreover, the research in this thesis also demonstrates the 

presence of another type of physiological gradient in tobacco. 

This is a gradient of increasing organogenetic vigour from base 

to apex in the tobacco plant. That is, there exists a 

correlation between organogenetic capacity and proximity to the 
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results reported by 
Tran Phanh Van 

ç 
t 

results reported 
in this thesis 

,.....,~ 

, 

excision region ~ explants with nodes per 
rIo raI buds rIo raI shoot 

% explants with 
rIoral buds* 

nodes/floral shoot 
-avg.* range* 

FB 
F 

SF 
M 

B 

100 

62 

40 
25 

o 

1 

3 

4 
5 

* of epidermal origin only; results from Table 13. 

100 

100 

82 

14 

o 

2.2 

2.6 

5.3 
6.0 

1 - 4 
1 - 5 

2~~ 

Table 17: Quantification of the Floral Gradient in Tobacco by Tran Thanh Van 
and Bentzen 

A comparison or the results reported in this thesis w~th those 
reported by Tran Thanh Van ~1973b) on the quantified expression 
of floral organogenesis ln thin epidermal explants derived from 
the stem or green-rruit Nicotiana tabacum L. 

1-' 
U1 
-...j 
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plant apex (Table 6). This gradient has also been suggested to be 

a functlon of cell age (Hillson and LaMotte, 1977; also see 

Literature Revlew). Tran Thanh Van did not report this gradient 

ln her research, and therefore presumably did not correct for it 
, 

when quantifying the floral gradient. This may explaln sorne of 

the difference between her quantlflcation of the floral gradient 

and that reported in this thesis. • 
Another signlfieant difference between Tran Thanh Van's 

data and that reported in this thesis lS that of node number per 

~ ~ floral shoot which is another type of expression of the 

floral gradient (Table 17). The gradient in node numbers is mueh 

more distlflct and simple in Tran Thanh Van's data than in the 

data obtained in this research. For example, Tran Thanh Van 

reported that floral branch explants only showed organogenesis in 

the form of floral buds occurrlng directly at the epiderma1 

surface (i. e. only l node per floral "shoot"). In the work for 

this the sis, every excision reglon produced a range in node 

numbers per floral shoot, as indicated in Table 17. In the case 

of floral branch explants, the range was 1 to 4 nodes, with a 

mean of 2.2 nodes per floral shoot. Thus, even in terms of node 

numbers, the epidermal expIant system expressed a greater 

complexity in this research than in that reported by Tran Thanh 

Van. 

In a 1974 publication, Tran Thanh Van reported that whereas 

floral branch explants from plants at the green-fruit stage 

showed 100% floral organogenes2s, explants from plants at the 
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full bloom stage produced no floral buds at aIL (Tran Thanh v~n! 

Thi Dien and Chlyah, 1974). The results reported in this thesis 

do not confirm this observation by Tran Thanh Van. The capacity 

for floral organogenesis was clearly present at both the full 

bloom and floral bud stages of Nicotiana tabacum {Table 13). In 

fact, floral branch explants from plants of the full bloom stage 

showed 100% floral organogenesis in this research (as compared 

with 0% reported by Tran Thanh Van) . 

In a 1978 review, Tran Thanh Van herse If somewhat 

disclaimed her original observation. In this review she stated 

that "direct flower formation is only expressed at a precise 

physiological stage i.e. after fertilization of the terminal 

flower on the donor plant. At other stages, vegetative-floral 

shoots and vegetative buds are formed instead of direct flower 

formation on the epidermal surface of the thin cell layers." 

(Tran Thanh Van and Trinh, 1978). However, there are no original 

publications in which this statement is substintiated or 

quantified. 

In any case, the expression of direct flower formation was 

definitely observed at stages earlier than fertilization of the 

terminal flower (~earlier than the green-fruit stage) in t~ 

research for this thesis. While at least 41% of the floral 

branc~ explants from green-fruit plants showed direct flower 

formation (compared with 100% in Tran Thanh Van's reports), at 
, 

least lB% .also did 50 from full bloorn plants (èompared wi th 0% in 

Tran Thanh Vants reports). 

L 
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j There are many possible" explanations for the differences 

between the results reported in this thesis and thoSé repofted by 
~ 

Tran Thanh Van. A possible explanation is that the differences 

were caused by subtle genetic factors. As described in the 

Literature Rev~ew, genetic factors may inrluence the expression 

of in vitro organogenesis even in different genetic lines of the 

same cultivar. Certainly, different culture responses of 
" 

different cultivars of Nicotiana tabacum have been weIl 

documented. Thus, there are definitely intraspecies genetic 

factors which regulate in vitro organogenesis in tobacco. 

Consequently, even though the same cultivar of tobacco was used 

in the research for this thesis as was used in the work by 7ran 

Thanh van, there could weIl be genetic differences associated 

with the seed source. 

Other possible explanations for the differences between the 

results of Tran Thanh Van and of this thesis include the 

nutritional status of the donor plant,s (due to poss~ble 

differences in the methods of gr~wing ~obacco plants) and 

intertissue and intercellular corx~lations (due to differences in 

the size of the epidermal explants). The latter is the most 

likely explanation fo'r the greater complexity of organogenetic 
'", 

origins observed in the work for this thesis." 

The research using the epidermal expIant system posed many 

teohnical problems which are detailed in the Results section of 

this thesis. These problems were evidenced by unpredictably 

variable and low experimental yields, which in turn led to low 

_L 
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replication and àccasional failure in repeating experirnents due 

to ladk of a~y organogenetic growth.' These problems rendered the 
" 

epiderrnal expIant system inappropriate for further research and 

reduced the number of definitive conclusions which could be drawn 
'b 

from the data reported in this thesis. However, sorne conclusions 

and implic'a tions can be made, as drscussed below. 

The results reported in this thesis clear1y showed thrt 

gradient of in vitro floral expression t'las present not "Ünly in 

the 

the green-fruit stQge of tobacco, but aiso at two earlieL stages 

of floral development. However, the gradient was rnost stronglt. 
; \ 

expressed at the g'reen-fruit stage, and less at the full hloom \ 

and floral bud stages. It is not felt that anything can be 

inferred from this observation due to insufficient replication of 

(~-C the data. However, môie intensive studies quantifying the floral 

gradient at various developmental stages (~pre-floral 

induction, during induction, and post-induction) would most 
, , 

likely give valuable information concerning the mechanism of 

" floral induction and re1ated physiological gradients in N~ootiana. 

One implication which can be drawn Ïrom this research, 

which has a1ready been discussed, is that the mechanisms involved 
? 

~_) in the regulation of f~oral and v~getative o~ganogenesis are 

probably associated with two distinct but interrelating . 

physiologica1 gradients present in the stem of f10wering 

Nicotiana tabacum. 

The second tissue culture system stddied, the leaf disk . , 
systeta, 

, 
was developed for the purpose of this theeie. This 
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system employed 12. 7 ~ .leaf disks cult:ure~ on m;;dified~"M.urash6ige 

and !koog medium. The leaf "disJè sY,~tem had many ~ventageOUS 

cha~teris~s. On apptopriate ~edia, this sy~tem prGd~ced 100% , 
yield and complete lJomogenei t~ ~n organoge~etic respc:nse. The 

response was both rapid and viqorous. Organogenesis was well 

developed in 19 t'a 26' tiays ... : The system demons.\7a ted a high 
,; 4 ~ 

propagation potential with ~omplete retention of organogenetic 
~ .. ~ ) .. 

capacity. Moreover, it was demonstrated' that tobacco crones, 

involving large numb~rs of inài~iduals, cquld pe quic~ly and 

effect'ively produced from leaf 'Çl.isks, an obvious advantage to 

both plant breeding and, physiological research programs •• 

The leaf disk system displayed a large degree of intrinsic 

homogeneity. Tpe organogênetic response of' the syst~~ to , ., 

'hormonal and environmental manipulation was usually uniformly 
, 

expressed in 100% of. the exp1ants. Also, P1~nt imposed factors 
\ 

were"shown' to have little effect on the organogenetic reSponse. 

That is, excision locus on the leaf, leafl~~sition on the plant, 

and developmental stage of the donor plant were ~l~ shawn "to be 

irrelevant to the èrganogeneti~ response of leaf disk cultures., 
\ , 

It was also demonstrated in this thesis tqat the emergence 

of organogenetic structures in the leaf disk system was a 

response to direct medium contact. Morphogene~ic differences 

arising frofdifferent or~entations of the leaf disk in culture 

were\a consequence of differing responsiveness of the adaxial and 

abaxial surfaces of the leaf disk when in contact wi th the ag,ar 

medium. On Shoot-producing medium there wl no difference 
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between the responsiveness of the abaxial and adaxial surfaces 

(f.e. the culture response was identical for explants with 

abaxlal,or adaxial contact). However, on nodule-producing medium, 

. there was a difference .in respo~iveness between, the disk sides, 
1 • 

in .that the abaxial. surface producea much mQPe ~ ~ growth 

than th~ adaxial side, when in contact with the medium. But for 

both surfaces 'and both medi&, the organogenetic response was an 

eXQression of the sarne organogenetiq processi namely nodule 

formation followed by shoot formation. 

Observations of the type, origin, and distribution of 

orqanpgenetic structures in the le~f diskosystem, as reported in 

the Rdsults section of'this thesis supported the fo11owinq 

conclusions: 

" 1) organO~eSis, specifically the producti?n of nodules 

and shoot apices, was inducéd by direct medium contact. This was 
li 

true for both nodule- and shoot-producing media. 

2-) Organogenetic development, especially shoot development, 
, ' 

was promoted by subsequent removal from direct medium contact. 

This was true only for the nodule-producing medium. 

The first conclusion was drawn~om the disk orientation 

~esults, as discussed above. The second conclusion was drawn 

from general observation in the disk orientation and other 

expèriments. On nodule-producing medium, the greatest shoot 

development ,alwaYB occurred on those parts, Ofr eXPlan~ l~fted 
away from the agar due to convolution (typical of abâxial 

contact) or r911ing up (typical of adaxial contact) 'of the leaf , " 

". ' 
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disk durinq ,culture. This ~omotion of development could be a 

consequence of exposure to air or r~moval of a factor(s) in the 
- . 

medium. The fact that this promotion of development only held 

. true for nôduJ.e-producing medium, but not for shoot-producinq , 

medium, suqgested an involvement of kinetin. The two media 

differed only in their respective concentrations of kinetin 

(10- 4 M vs. 10-5 M). Th t' f dIt b ub t e promo 10n 0 ~ve opmen y. sequen 

removal of the growth regulator has certainly been demonstrated 

for auxin involvement in embryogènesis (Kohlenb~ch, 1977; also 

see Literature Review). The hypothesis that hiqh·Rinetin 
t J. 

concentrations inhibit deve10pment (which is equivalent to 

, , 

removal of high kinetin concentrations stirnulating development) 

was also supporteq by the hormone manipulation studies which will 

be discussed below. 

The results from the experiment testing leaf disk response 

to different lAA and kinetin concentrations elucidated several 

,modes of organogeneti? regulation (Section IV-2-ii-a), The 

conclusions drawn from the data are as follows: 
1 

1) The absolute concentration of kinetin is the most 
1 irportant factor regulating vegetative shoot, nodule, and call~s 

production (Figure 15). Vegetativ~ shoot organogepesis only 
1 -

occurred'at kinetin concentrations qreater than or equal to 

10-6 M. Callus production on the other. hand, basically only 
. :"6 

occurred at kinetin concentrations less than or equal to la M. 

Propagation nodules only occurre~ at kinetin concentr~tions 
~,!"'. 

greater than or equal to 10-5 M. (In each case, the auxin: 
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cytakinin ratio was,irtelevant, with one exception as discussed 

be,low.) The absolute dependence on cytokinin for vegetative bud 
.f 

formation on tobacco lear exp1ants has also been demonstrated by 

Gupta et al. (1966) and Mullins et al. (197G), as described in ., 
the Literature Review (Section I1-4). 

2) At 10-6 M kinetin, which ~upports both callus and 

vegetative shoot-production, the IAA con~entration also regulates 

organogenesis. This could be concluded from the observation that 

the numb~r of explants forming shoots decreased with increasing 

lM c~ncentrat'ion at 10-6 M kinetiri. However, several possible, , 

modes of' regula tion could explain tnis phenomenon: a) At 10-6 M 

kinetin, the mode of organogenetic regulation may be the auxin: 

cytokinin ratio' (e. g. Figure !6a) i as established for many other 

tissue cultur~ systems (~Skoog, 1970; also see Literature 

Review)'. b) At 10-6 M kinetin, èndogenous hormone concentrations 

in the leaf disk explants are possibly exerting sorne regulatory J 

effect on organogenes,is in assoc:j.ation wi th' the exogenous I~, 

concentration. c) At 10-6 M kinetin, IM is counteracting the 

effect of kinetin to sorne e,xtent, thereby reducing the effective 
• , '1 

concentration of kinetin. In this case, the mode or or9ano~ 

genetie regulation i9 stïll a~thresho1d mechanism çjoverned bl' the 

abso1ute concentration of kinetin, as concluded in No. l above. 

This could fully'explain the decrease in vegetative organogenesis 

with~increasing I~ concentration in the 10-6 M kinetin cultures. 

This explanation also best fits other conclusions and 

observations fr9m the data, as discussed below • 
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. 
3) lAA counterac~s the effect of kinetin to sorne extent. 

the evidence for this conclusion cornes from several observat!ons.' 

'il There.was low tissue viability and Little de ~ growth in 

the 10-
3 k(net;n cultures, except at the highest concentration of 

, 
lAA (Tab~e ~4). ii) . There was an increase in shoot development 

with increasing lAA concentration in the ld- 4 kinetin cultures 

(Figure l3)'. iii) Only 10-6 M kinetin or less supported cal lus ' 

growth, except at the highest lAA concentrations in the 10-5 M , ~ ~ 

kinet-in cultures' (Table 14): :; 
.. 

4) Kinetin induces v:egetative shoot organogenesis, but I~, 

inhibits
o 
its development (or p~rhaps certain aspects of 

development, such as leaf developme~t). The evidence for th1s 

conclusion cornes in part from the leaf disk orientation resul~s, 

as previously discussed., Further evidence was derived from the 

i) The degree of shoot 

the kinetin'concentration. The 
-

~-h~rmone manipulation studies: 

development was a function of 

10-3 M kinetin cultures only -4 developed shoot apices, the 10 M 
-5' cultures developed microshoots, and the 10 M cultures developed 

leafy vegetative shoots several centimeters long (Figures 12, 13, 

14). In other words, the greater the kinetin concentration, the 

-less the degree of shoot development. ii} Assurning the 

conclusion that lAA counteracts kinetin is valid, then further 
, 

evidence that higher concentrations of kinetin inhibit'shoot 

development is given by the observation that in the 10- 4 M 

k~netin' cultures, the degree of shoot development 1ncreased with 

increasing lAA concentration (Figure 13). This conclusion is 

, \ 
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a1so supported by thejWOrk of Chih-hung et al. (1978) 

5) The mode ot regulation for root organogenesis combines 

an IAA threshold effect with an auxin:cytokinin ratio effect. 

Evidènce îor this con91usion is derived from two observations. 

i) -3 -4 In the 10 and 10 M IAA cultures, the frequency of root 

organogenesis was proportional to the auxin:cytokinin ratio 

(Figure 16b). ii} Only lAA concentrations greater than o~ equal 1 

tp 10-4 M ,permitted root growth, in spite of appropriately' high, 
/ ' , 

auxin: cytakinin' ratios a t lower lM cO'ncentrations (Figure 15) v. 
----<' 

Thi's conclusion is supported by the work of Coleman and Greyson, 

(1977) who demonstrated the auxin r2quirement for root organo

genesis on toma ta leaf disks. cul tured on a cytdkinin- f'ree medium •. ' 

These five conclusions and the modes of organogenetiCf. 

regulation which are implied by these conclusions provide .. 
\ 

significant insight into the study of organogenetic regulation. 

D'ue to the inherent homogeneity demonstrated in the leaf disk 

system, it seems quite possible that this system could be used 

for investigations even at the molecular level of hormonal 

regulation, and certainly for many further studies at the' 

physiological level of hormonal action. 

Thus, in view of what has just been discussed, the work 

described in this thesis has extended the knowledge of organo-

genetic regulation on tobacco leaf explants in several ways. 

While the studies by Gupta et al. (1966) and Mullins et al. (1976) 

both confirmed that vegetative buds on' tobacco leaf explants 

were induced by appropriate kinetin concentrations, their 
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c;>bservations had certain limitations. Gupta et: al. used a 

limi ted range of hormone concentration$, a relatively more 

complex medium (White' s supplemented wi th coconut milk) , and dnly 

seedling leaves for explanting. Furthermore, their explants 

included portions of the leaf midrib. C0l1sequent1y, the tissue 

composition of their explants were not tr~ly comparable either to 
""'<1 

the explan ts used in the work,. for this thesis or those of other 

published studies. The resul ts reported by Gupta et al. were not 

as quantitatively definitive as thos~ reported, in this thesis, 

probab1y due to the greater rcomplexi ty and lesser homogenei ty of 

their system (for reasons mentioned above) . 

Mullins et al. (1976) used tobacco leaf disks comparable to 

those of the leaf disk system reported in this thesis, but used 

an auxin-free medium containing 5 x 10-6 M kinetin. Since the y 

did not test other concentrations of kinetin, nor use any auxin 

in their medium, their work did not e1ucidate how growth 

regulators effected regulation of organogenesis, as reported 

here. Their resul ts were also not as homogenous and defini tive 

as in this thesis. The maximum organogenetic response they 

reported for any experimental condition was 85% of the disks 

showing an average of 10 buds per disk. In the work for this 

thesis, the usual response was 100% of the disks showing hundreds 

of buds per disk. The leaf disk system of Mullins et al. also 

~howed a great dea1 of variation due to plant imposed factors 

(~ physiological stage, excision position, and disk 

orientation, as described in the Litera ture Review, Section II7 4 ) , 
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, that was not apparent in the leaf disk system r~ported in this 

\ thesis. Since the system reported by Mullins ~t aL. wàs 
iJ 

1 / 

evtdently more cornplex and subject ta multiple ,sources of 
\ 

variation, their work was also not as definitiJ~ a::; that repotrted 

here. Moreover, as in the work of Gupta et al. l, Mullins et al. 

did not elucidate the mode of growth regulator action on the 

regulation of organogenesis. 

The work by Chih-hung et al. (1978) was the rnost analogous 

to that reported here, though the report was not available until 

after the research for this thesis had been completed. Though 

they did not test as great a range of auxin and cytokinin 

concentrations, they did report that cytokinin stimulateq. bud 

formation whereas auxin prornoted root formation, thus confirming 

part of the results reported here. Moreover, they experimentally 

established what was sirnply implied from observations reported 

here,'namely that cytokinin induces vegetative organogenesis but 

retards i ts development. Specifically, Chih-hung et al. reported. 

that cytokinin was only required for the first 5 to 6 days of 

culture, 'and that subsequent removal accelerated shoot and root 

growth. However, neither Chih-hung et al., nor any previous 

group working with tobacco leaf culture, reported the phenomenon 

of nodule formation on t.obacco leaf explants, or the definitive 

effects of auxin and cytokinin in regulating organôgenesis. 

An interesting, though somewhat speculative, point for 

discussion i5 the phenomenon of propagation nodules in the leaf 

disk system. 

o 

j' 

," 

" ' ,. 

i 



" 

, . 

1 " 

, 
, ' 

( 

170 

r • 

j(ohlenbach' s 1977 review of somatic embry.Qgenesis descri-bes 

how the presence of reduced ni trogen and high auxin concentration '" 
• -6 (approxima tely 10 11 or grea ter) in the medi UI(I causes inhibi tion. 

of ernbryoids in Daucus cultures and produçtion of nodule-li~e 

structures", The nodules in the Daucus cul tures are described as 

being composed of small superficial cells dense in cytoplasm and 

latge vacuolated central cells. These nodule-like structures 

develop numerous well-formed embryos if the auxin i5 reduced or 

omitted. These ernbryoids can be cultivated into plants .. 

Furthermore, these nodule-like structures (called èmbryogenic 

clumps) can be·propagated in' the presence of high auxin 
-\ 

concen tra tians •. 

Kohlenbach's description of embryogenic clumps in Dàucus 

cultures bears striking similarity to the description of 

propaga tion nodules produced on the tdbacco leaf disk cultures.: 

The medium producing the propagation nodules has the sarne 

" characteristics, i.e. reduced nitrogen and high auxin 

concentration. The propagation nodules also often show the type 

of histology described by Kohlenbach (preliminary histological 

studies not reported in this thesis). Moreover, as reported in 

the Results section, the propagation nodules can readily be 

propagated (i.e. subcultured) on medium containing high auxin and 

cytokinin concentra tio'ns. 

However, preliminary histological studies (not reported in 

this thesis) showed that the de nova shoots formed on the nodul~s 

were definitely adventitious and were not embryoids. The shoots 

/J ... 
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were ~nipolar structures openly linked to the tissue in which • 
they were formed. Embryoids, on the other hand, are bipolar 

structures with a closed radicular pole and no continuity with 

17,1 

surrounding tissue, according to the cornrnqnly acce~ted definition ... 
of embryoid as established by Haccius and Lakshmanan in 1969. 

, 
Nonetheless, it is still possible that the propagation ~odules of 

the tobac~ leaf disk system ar~ a~alogous' to the embryogenic 

clumps in systems such as that of Daucus. ) Possibly, with 

appropriate medium manipulation (~ removal of auxin) the 
, " 

. 

propagation nodules could be induced to produce emb~yoids. ,~his 

~ôu1d certainiy be an interesting avenue ~or future studies. 

Another interesting avenue of investigation to pursue with 

the leaf disk system,would be to more carefully test tàe system 

for potential expre~sion of floral organogenesis. The standard .. .-" .... ~ 
concentrations of lAA and kinetin used in this work (10- 4 and 

-5 -5, 10 M kinetin and 10 M lAA) are usually inappropriate for 

floral organogenesis in tobacco tissue culture. For example, 

Hillson and LaMotte (1977) reported inhibition of floral organo~ 

genesis (and stimulation of vegetative organogenesis) on stem 

segments of tobacco at lAA concentrations greater than or equal 

to 10-6 M and kinetin concentrations greater than or equal to 

10-5 M. Tran Thanh Van, Thi Dien and Chlyah (1974) reported that 

10-5 M kinetin inhibited floral organogenesis and induced 

vegetative organogenesis on the floral branch epidermal explants 

of tobacco. In other words, even if the leaf disk system does 

have potential for in vitro floral organogenesis, it probably 
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oannot be expressed under the conditions standardly us'ed in this 
~-

• researchi namely, high auxin and cytokinin' concentrations. 

However, it was shown in this thesis that lower lAA and kinetin 

c'oncentra.tions alone do not induce floral organogenesis on the 

le,af disks' (Section IV-2-ii-a). This does not imply' that leaf 

tissue does not have the potential for in vitro expression of ... 
floral organo~enesis. 

For instance, it i5 known that when the apex of a tobacco 

pl~nt.becomes florally induced, the aiiTliry buds below are 

proqressively ïnduced to forro floral branches. These same 

ax!llary buds form vegetative branches if the tobacco plant i9 

detopped before floral induction. Thus, the axillary buds are 

vegetative until théy are' induced to the flowering 5tate by sorne 

mechanism apparently transmitted progressively down the stem. 

This mechanism i5 probably the basis for the gradient of in vitro 

floral expression seen in stern cultures of Nicotiana tabacum L. 

This rnechanism, possibly a biochemical factor, is probably not 

transmitted to the tobacco leaves, since floral organogenesis has 

never been observed on leaf disk explants under the conditions 

standard for floral organogenesis on stem exp~ants. However, this 

this does not imply that the leaf tissue would not be receptive 

to this floral mechanism. For example, sorne very suggestive and 

promising work has been reported by Wardell (1977) in which a 

certain fraction of purified DNA from stems of flowering tobacco 

plants induced flowering in vegetative tobacco apices when 

applied topically to those apices. " perhaps this type of work 
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~ould be _ aPl?lied to the leaf disk system. Since the leaf disk 

culture described here offers a system of vigorous, almost 
, 

synchronous, induction of vegetative apices (i.e. the system 
" - 0 t 

pbaduces hundreds of shoot apices per expIant within a dây or , 

two), the possible floral induction of these apices might provide" 

a large' population of apices simultaneously induced to the-
" 

f10wering state in a strictly controlled, almost synchronous 
() 

.. fashion. Su~h a system might be extremely~ful. in studies on 

• 1 

the molecular basis of floral induction-:--
1 

-The last point for discussion in this thesis is a 

. 
\ 

comparison of the epiderma1 and leaf disk systems; as studied 

here. Both systems offer severai advantages not'a~lab~e in' 

many other tissue culture systems. To quote Thorpe (1978): 

Our knowledge of the physiology; and biochemistry of 
the organ-fonning p};ocess is very limited. A major 
problem in this area has been the lack of a truly 
suitab1e experimental system. for such studies; a 
common drawback of al1 callus organogenetic systems 

_ fi 
being the fact that on1y a few cells in the callus 
mass are directly involved in the organ-initia,tion 
process. Furthermore, this process tends not to be 
synchronous. Thus.the presence of the dilution 
effect and asynchrony significantly reduces the ---usefulness of callus foI' etudies on the physiology 
and biochemistry of organogenesis. • 

In ·this respect, both the leaf disk and epidermal explant 

systems offer the advantages of rapid, reasonably synchrono~f 
'-~ 

homoqenous (at least in Tran Thanh Van'a reports of the~derrnal 

system) systems of organogenesis. However, even ignoring. the 

difficulties encountered in this research when attempting to 
-

reproduce Tran Thanh Van' s work, the leaf disk system has certain 
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, 'inherent advantages over the epidermai expIant system.! For 

'instance, the latter obtains ~xp1ants from an extremely*small' 

portion of a mature tobacco plant {~ in TrarrÎTnaph Van!s w~rk 
/) , 

only the bases ~f floral branches of green-fruit stage tobacco 

plants are u,sed), as compared wi th the ~eaf disk system which 

obtains explants from a major' portion of a mature tobacco pIarft, 

namely the leaves. 
() "))' , 

Thus, hundreds' of ,tobac:;co plants wou1d be, 
.' 

r.equired in th~ 'epidermal expIant system to s~p1y th'e sarne 1 

nUmber of explants that a single, tobacco plant, cou1d supply for 

the leaf disk system. This aspect might ,be very important in 

biochemical studies invo1ving ana1ysis for ,endogenous subs~~nces 

lnvolved in organ formation. Such endogenous substances may De 

present in small amounts thus requiring large numbers of explants 

at eaèh stage of organ initiation and development. The' extremely 
.. 

high productivity of the leaf disk system would be a further 

advantage ill such a si tuation. 

.Furthermore, the difficul'ties èncountered in th1s research 
{j! 

in the attempts to reproduce Tran Thanh Van's work are, in this 

author's opinion, indicative of the instability of the epidèrrnal 

expIant system. Homogenous explants are difficu1t,to obtain 

since the manual excision techniques cannot ensure the sarne 

number of cell layers per expIant and the variation observèd in 

the organogenetic expression indicates a ve~y delicate balance 

of factors involved in the regulation of organogenesis. The leaf 

disk system on the, other hand, was extremely stable,' in that 

homogenous results were nearly always obtained. Therefore, it is 
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.. MoSt .likely a better system for plant physi'olpqists and 

biochemists to reproduce for their specifie needs. The appare~t 

lack of floral organoqenesis in the system need not be a 

1 
1 

'-.. 

, " 

deterrent, sinee, as already diseussed, there are many p~omisinq 

avenues of research which could be explored. 

Althouqh one must aqre~ with Everett et al. (1978) who 

stated that, nIt can be eonc1uded that'there ls no one i~éal 

experimenta~ system for hormone research" ,it does seem evident 

that the leaf' disk system described h~re 'offers unique advantaqes 

for future study. 
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III 
~ 

~ excluding infected = RI 
ri .. .-4 ~ 

cd )14 
co .., Q) . • .., "<'i 0 

Pt s:I ,::~ co 8 'CI 
»> "'=' 0 (1)= CD '" Q) 

,+1 CD .... .= ..-ICI! = CD ~ 
+' ~ III ..., CJEiI cu .., cd 

+11 cd CJ .... :. "<'iPt ~ œ ri 

~ r-t Q) III 0 ft.40 a (J Po ,:::a. \-4 0 ~ ft.41"'i @ ..-t't1 ' ' .-4 s:I J.t C-' ;:jQ) r-tl"'i~ Pt • H CJ co~ taO PtQ) 
~ 0 Q) 0 =Q) ~ G»..-t Comments* :z: '?ft :oz; = HA 0 ~~'?ft 

b c d e f g h i j 

" 

·182 

1 
1 

,t 

f 
.) 
" 

J , 

! 

1 

l 
1 

1 

\ 
~ 



~ , . . ~":''''-
... :~~.~·t.N'Jifft'!JlJWt~~~f!~~!tt~~l$IJJtf]:iti1lM"~~~ ",~~~~l ~'<f.ri 

183 

Appendlx c.ontlnued. ., 

C 
a D c a: e ?, g Ji l 3 
7 FI-F 63 5 2 15 83 0 0 ' o-..p 

FI-SE' 72 6 3 10 87 0 0 
FI-M 63 0 11 29 60 0 0 

.1 
" 

FI-B 72 6 9 22 69 0 0 \ 
f 
~ ; . 

Bd-SE' 63 0 0 5 87 8 8. Jfi 
.~ - --Bd-M 72 4 10 25 65 0 0 ,l 

Bd-B 45 4 2 21 77 0 0 
,,~ 

,,~, 
t~.l~ 

Total 900 10 4 15 75 6 5 
) 

" 
8 GF-FB 20 0-10 0 0 cal1us: 100 90+ 'o-p/alc 

GF-F 20 0-10 0 0 " 90+ \ ,. 

Total 40 0-10 0 0 Il 90+ l 
J t 

9 GF-FB 18 0 17 22 11 50 50 o-p/alc/ep-up ~ 
'l 

GF-F 18 6 0 12 6 82 78 ;,~ 

GF-SF 18 0 0 72 0 28 28 -~ 

~ 
Total 5'4 2 6 36 6 53 52 ,~ 

,$ 

:~ 

10 GF-FB 36 3 0 0 9 91 89 o-p/alc/ep-up ) 
1 ~!i 

GF-F 36 11 0 3 6 91 81 f" 

Gl-SF 72 1 , 0 3 15 82 81 j GF-M 72 7 0 9 40 51 47 
GF-B ,54 41 0 12 50 38 22 
F1-FB 36 0 0 11 11 78 78 ., F1-F 36 6 0 3 18 79 75 
FI-SE' 54 7 0 12 20 68 63 
F1-M 54 24 0 37 24 39 30 .$ 
F1-B 36 53 0 53 0 47 22 1 

Bd-SI' 36 11 0 0 28 72 64 l 
.i 

Bd-M 36 0 0 6 58 36 36 'J Bd-B 36 22 0 0 25 75 58 l 

Total 594 14 0 10 25 66 56 i ,1 

1 
12 GF-FB 18 0 Z::::6 22 11 61 61 o-p/alc/ep-up 

Gl'-F 18 6 0 35 12 53 50 
Gl-Sl 18 6 0 12 18 71 67 
Total 54 4 2 23 13 62 59 

1 13 GF-FB 18 0 17 0 83 83 o-p!aJ.c!ep-up 
GP-F 18 0 0 6 94 94 ~ 
GP-SF 18 0 0 6 94 94 
GP-M 18 0 0 17 83 83 
GP-B 18 6 0 24 76 72 
ll-FB 18 0 0 0 100 100 

i . 
1 -

l'l-F 18 ~ 6 0 94 89 
( Fl-Si' 18 0 0 0 100 100 1 FI-M 18 0 0 17 83 83 1 

F1-B 18 0 11 33 56 56 f . 
r 

f 
! 

-~--:J - ... ~ ~- --:-::"'~.~"":::"-~~,,:,," .1 .... 



ra"" 

.,.~t~_!tf~~!flI.itIIItt"",:~"j",,, .. _Jllt<l 1113..""' .... :...1 iJaiJ!J:lW'lItl'l>JI!I!iI~~t;!IlI~iJ'IM'&,l!i!i;~~~~"Il<\1oI$A$.~ 
~ !,(:~ 

'- 184 
-1 ... ,fi1f 

';~~::' 
;\ 

" 

, .... 1,.) 

Appendj.x~ continued. .-~t 
"" 
J~ 

·<'r 

·f 

C· , , , ., 
b d f h 1 j ~ a c e g i3 . 

", 
l 
1 

, " 
.1 13 Bd-SF 18 0 0 17 83 83, o-p/alc/ep-up 

:; 
" 

Bd-K 18 0 6 56 :S9 39 ~ 
Bd-B 18 0 ...0 61 39 39 "/i: \1 

" 

Total 234- 1 :5 18 79 78 
1 

14 GF-FB 36 0 19 0 17 64 64 o-p/ale/ep-up/ \ 
t. 

GF-F 36 0 17 25 36 22 22' thin , ::: 

GF-SF 36 8 39 36 12 12 11 1 
~ 

GF-M 36 0 64 14 19 3 3 t 
."l 

GF-B 36 25 ,37 15 33 15 11 :t 
1 

Fl-PB 36 0 0 3 '19 78 78 
~ 
'~ 

Fl-F 36 0' 6 31 25 39 39 ~ 
F1-SF 36 0 3 19 44 33 ,33 ! 

'1 Fl-M 36 0 39 . 44 8 8 / 8 '1 
Fl-B 36 3 49 23 23 6 6 -A 

'1, 

Bd-SF 36 0 3 47 28 22 22 ,~ 
" 

Bd-M 36 0 53 42 6 0 0 ;; 
*1~ 

Bd-B 36 3 49 17 26 9 8 ,rr 

:~ 
Total 468 3 29 24 23 24 24 5f 

!!i ." :~ ~ 

15a GF-FB 36 ,0 17 36 17 31 31 o-p/alc/ep-up ~ 

GF-F 36 3 3 69 23 6 6 :'i 
\1 

GF-SF 36 0 6 42 33. 14 14 1 
GF-M 36 0 0 86 11 ~ 3 .' 

J '1 

GF-B 36 0 44 36 11 8 8 r 
~ 

Fl-FB 36 6 0 44 26 32 31 i Fl-' 36 0 0 53 14 33 33 , 
Fl-SF 36 0 3 50 25 22 22 J 1 • 

FI-M 36 0 0 89 8 3 ,,3 ! . 

!~ FI-B 36 0 33 47 14 0 0 
Bd-SF 36 

. 
17 0 0 33 67 56 1 

Bd-M 36 6 0 38 41 21 19 1 Bd-B 36 17 3 43 33 20 17 i 
1 

Total 468 4 9 49 22 20 19 

1 15b Gl-FB 18 6 18 82 0 0 0 IJ-p/ep-up/thin/ 
GF-F 18 0 6 72 22 0 0 ale 
GF-SF 18 0 0 89 1 1 0 0 
GF-M 18 0 6 96 0 0 0 
GF-B 18 0 17 72 11 0 0 
Total 90 1 9 82 9 0 0 
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Appendix-, continued. 

a b e d e g h i 

15b GF-FB 18 11 6 94 0 '0 0 
'GF-F 18 6 35 65 0 0 '0 

~ 
18 6 0 88 12 0 0 
18 11 6 94 0 0 0 

GF- 18 33 67 33 0 0 0 

o-p/ep-up/th1n 

Total 90 13 21 77 3 0 o ' 

Bd-SF -18 6 0 
Bd-M 18 0 0 

0 24 76 
56 33 11 

72 
11 

o-p/ep-up/tliin/ 
ale 

Bd-B 18 6 24 18 41 18 1"7 , 

Total 54 4 8 25 33 35 33 

Bd-SF 18 0 0 11 50 39 39 o-p/ep-up/thin 
Bd-M 18 6 0 59 35 6 6 
Bd-B 18 22· 14 21 50 14 11 
Total 54 9 4 31 45 20 19 

, 

*Kex to Abbreviations: GF: explants excised trom green-truit stage 
tobaeco plants; FI: explants exelsed~from flowering tobaeco plants; 
Bd~ explants excised trom floral bud stage tobaceo plants; 

, PEr: explants excised trom the base ot tloral branches; F: explants 
exeised trom the floral region ot the tobacco stem; SF: 'explants 
exeised from the sub-floral region of the tobacco stem; M: explants 
exeised 'rom the middle region of the tobaceo stem; B: explants 
exclsed from the basal region of the tobacco stem; o-p: explants 
excised trom open-pollenated tobacco plants; s-p: explanta from 
selt-pollenated tobacco plants; ep-up: explants plated epidermis 
up; ale: use of alcohol treatment durlng the "Csterllizatlon 
procedure; thln:explants eut thlnner than usual 
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