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\ ABSTRACT

The regulation of in vitro organogenesis was investigated

Hl

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

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 firsf
system was used to quantitate a gradient of in vitro floral
organogenesis at three developmental stages of flowering tobacco
plants. The second system of tobacco tissue culture was
developed for the purpose of this th®sis. It was demonstrated
that on appropriate media, the leaf disk explants produced a
vigorous and rapid organégenetic response consisting of
vegetative shoots and propagation nodules. The system was easily
manipulated by exogenous hormones, and the leaf disk explants
were both highly productive and homogenous in their response.

The moée of exogenous hormonal regulation of wvegetative bud,
root, nodule, and callus formation was established. Also
experimentally established and reported in this thesis are the
exténﬁ to which plant imposed factors affected organogenetic
expression, the propagation potential of the leaf disk system,

and the morphological development of organogenesis in the

system.
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REsumé

La régulation de l'organogén&se de Nicotiana tabacum L.

cv. Wisc. 38 a &té analysée, in vitro, suivant deux syst@mes
différents: 1'un utilisant des explantats épidermiques minces

)

prélevés a’la‘surface deé tiges, 1l'autTre utilisant des disques
foliaires provenant de feuilles ayant atteint leur taille
maximum. Le premier syst&me avait pour but de quantifier un
gradient d'organogén&se florale in XEEEér 3 partir de trois
stades de développement du tabac en période de floraison. Le
deuxi2me ‘systeéme fut &laboré& pour les besoins de cette thése.

Il a été démontré que, sur un milieu de culture approprié, les
explantats de disques foliaires produisent une réaction organo-
géné&tique rapide et vigoureuse, consistant en pousses végétatives
et nodules de propagation. Ce systBme a &té facilement contrdlé
par l'apport exog&ne d'hormones; de plus, la réaction des
explantats foliaires fut 3 la fois trads homog&ne et abondante.

Le mode de ré&gulation hormonal exog®ne, lors de la formaticn des
bourgeons végé&tatifs, racines, nodules et cals, a Eté &tabli.

De plus, d'autres faits ont &t& &tablis expérimentalement et
décrits dans cette th&se: 1'importance_considérable des facteurs
éndogénes dans l'expression organogénétique, le potential de
propagation du systdme de disques foliaire et le développement
morphologique de l'organogénase du syst2me.

<
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I. INTRODUCTION

The.phenomenon of biological development, whether plant or
animal, is an extremely complex subjeét that remains a largely
unresolved challenge for modern biologists. Biological
development is the .result of the interaction of two processes,
growth and differentiation. Growth repr.;esents the irreversible
increase in size of the 'whole or part of an organism.
Differential growth along certain axes, upder rigorous cor}trol
mechanisms, determines the external form of an organ, and
ultimately, the morphology of an\organism. Differe‘ntiation
represents qualitative differences between cells, tissues, and
organs, as well as the many complex control mechanisms which
dltimately determine their functions. The complexity of =«
development arises from the multiple, intricate interactions
between control mechanisms involved in growth and differentiation
at each level of the orcj&r}ism,' from cell to whole organism.

Plant tissue culture has evolved as a simplified approach
to the enormously complex study of plant development and '
organogenetic regulation. Simplification is achieved by dividing

o

the organism into its component organs, tissues, or cells, and

1

growing them in asceptic cultures. Thus, the complexity of
! [

\

development can be reduced through the isolation of certain

N

components of the developmental)system, thereby eliminating some

of the complex physiological anq‘i biochemical interactions between
&

\

organs, tissues, and cell types, or by eliminating some of the
v A
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developmental controls imposed by the whole plant. Since its
advent at the turn of the centuryq‘plant tissue culture has
yielded a wealth of information oﬁ biological controls in plant
development, especially in the elucidation of factors regulating

P

plant organogenesis and morphogenesis.

The object of this research was to investigate factors

v

regulating in vitro organogenesis in two tissue culture systems

of Nicotiana tabacum L. cv. Wisc. 38; one employing thin

epidermal explants from the tobacco stem, the other using disks
excised from tobacco leaves.

The fifst 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 Rewview). It was of
particular interest since it was reported to show potential for
direct floral organogenesis withou; intermediary callus
forﬁgtion, and furthermore, to show,.in a preciée gquantitative
manner, a gradient of in vitro f%oral potential along the tobacco
stem. This gradient is expressed in Nicotiana by an increasing
tenﬁency for stem explants to produce floral buds in vitro as the
excision locus aéproaches the floral apgx of the”flowering
tobacco plant, along with a concomitant decreasing tendency for
the explants to produce vegetative buds. The system of epidermal
stem explants, as described by Tran Thanh Van, seemed to be ideal

for a precise, quantitative investigation of some of the factors

regulating floral and vegetative organogenesis. Therefore, the



research comprising the initial part of this thesis was focused
on quantitative anéleis 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.

However, tﬁé research uhdertaken here on the gradient posed
serious and apparentlyfinsurmountable problems, since the organo-
genetic response provea to be unpredictably variable and more
complex than anticipated. 1In mést cases the yield of explants
showing organogenesis was too low for meaningful analysis. While
thousands of explants were excisea and plated for these
experiments, very low yields of organogenetic explants were
achieved (0% in some experiments). The low yield was due to
explants necrosing early in culture and/or to lack of any
organogenetic response. Hence, it seemed it would be impossible
to achieve appropriate numbers of experimental replicates for
statistically valid analysis of the subtle physiological factors
influencing organogenetic mechanisms. This problem was further
augmented by the fact that the system turned out to be ’
considerably more complex than repqrted 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 organo-
T

-
I

genetic processes.

In spite of the problems encountered in the gradient . .
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research using epidermal explants, some results were obtained.
These inclu}éd a quantitative analysis of the effect of the

developmental stage of the donor plant on the gradient, a

qualitative/gnd quantitdtive description of the six organogenetic
processes oObserved in the culture system as well as their
relative capacities for expression of the gradient, and the
effect of alcohol sterilization and explant excision locus on the
capacity for organogenesis. These results are given in Section
IV-1 of the thesis.

Because the epidermal explant system proved to be too
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 tobacco leaves. Other than in the choice of explant type,
the culture system was similar to the one for epidermal explants.
That is, the same type of donor.p¥qnt§, cuLmure_m;dia; and
culture conditions were retained im the:hope of maintaining a
situation in which the.physiological gradients associated with&
flowering -Nicotiana could still be expressed.

The leaf disk system was chosen for testing since it had,
or proved to have, many obvious advantages: 1) Large numbers of
explants could easily and quickly be generated using an
apprgpriate disk cutting tool, with complete size uniformity
(which was not the case with the epidermal explant system).

2) A tobacco plant could yield several orders of magnitude more

explants from its leaf tissue than from its stem tissue, since



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 (i:e.

no necrosis). 4) There was an in vitro growth response of 100%
(i.e. all the explants produced organogenesis). In other words,.
large numbers Of experimental replicatgs 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, thg 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 potentiél as a regearch vehicle
for further studies on the regulation of in vitro organogenesis.

This thesis therefore reports on exogenous hormonal"
regulation of vegetative bud, root, and callus formation from
tobacco leaf disks, the effect of various plant imposed factors
affecting organogenetic expression, the propagation potential of.
the leaf disk system, and morphological analyses of two of the
organogenetic processes observed in the leaf disk ;;ltures. These
results are presented in Section IV-2 of the thesis.

For both culture systems, epidermal explants and leaf



o

disks, an explanation:.of some of the issues is given along with
the relevant results in order to achieve the most appropriate

presentation of data.
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T~ * II. LITERATURE REVIEW

1. Historical Review

Plant tissue culture has its origin in the‘ideas of
Haberlandt, a German botanist who in 1902 predicted the
possibility of culturiné isolated plant cells (though he was
unsuccessful in achiewving this himself) which would thus
demonstrate the totipotency of plant cells. His ideas were far
in advance 6f his time; some of his predictions were not
experimentally tested and proven correct until half a century
later. For example, Hagerland£ had proposed such things as the )
use of embryo sac fluids (such as coconut milk) for inducing cell
divisions in vegetative éells, the possibility of embryogenesis
in vitro from 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 "interrelationships and complementary influences to
which cells within a multicellular whole organism are exposed"
(historical review in vVasil and Vvasil, 1972).

Though Haberlandt had in 1902 introduced the concept of
plant cell, tissue, and organ culture as experimental systems for
investigating various aspects of plant development, it was not
until 1934 that the first successful culture was established.
This was the culture of excised tomato roots by White, who

I
demonstrated that roots would grow and differentiate 1in 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 Vasil  and Vasil,\{?y;
1972; Wareing and Phillips, 1978).

Plant tissue culture has grown enormously in the last
forty years. Today there are many plant species in culture and $u
many scientists using plant tissue 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 some\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

"y

. . . B BN
clear evidence for the in vitro requirement for what became

called cytokinins with stem segment cultures of Nicotiana tabacum

L.’ Though the stem segments initially grew well in a culture

medium containing appropriate vitamins, mineral salts, and sugar,

growth soon slowed or stopped. This suggested that some growth
-

stimilus, originally present in the tobacco stem, had become

exhausted. ‘Addition of IAA (indole-acetic acid) did not help.
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However, addition of coconut milk to the stem cultures did

'

induce the cells to resume division and growth. Inm the early
1950's work by C.0. Miller, a postdoctoral fellow in the .
laboratory of F. Skoog, led to the identification énd isolation
of a degradation pfbduct of animal DNA which could replace the
effect of coconut milk in stimulating 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

‘As kinetin,\zﬁey are all similar in structure to adenine, a

N

™ /

purlh\ preseq& in DNA\ In 1964 the first naturally occurring
cytokfhln, zéatln, was isglated from corn kernels by D.S. Letham
and C.0. Miller (reported 19§5).

In 1957 work byoF. Skoogand C\O. Miller showed that
S

varying the relative concentration o AA and kinetin resulted in

either root, shoot, or completely disorganized callus growth in
cultured tobacco pith tissue.

zon¢gyren£ with Skoog's work, research by F.C. Steward on
various plant tissue cultures similarly indicated that there are
no specific regulating substances in plant development, but
rather that regulation is achieved by the appropriate Eelative
concentrations of naturally occurring growth subst@nces or their
synthetic substituteé. For example, of pgrp?éular significance
was the discovery by Steward and coworkeré of embryogenesis in

carrot culturf. (The first in vitro embryoids were actually

reported“by“ﬁeinert in 1958, also in carrot cultures.) Steward

retated. _compounds with cytokinin properties were soon synthesized.

xh
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found that cultured carrot cells, when appropriately treated with
the correct balance of nutrition and growth regulators, would
undergo normal embryological developmeﬁt, producing roots, >\\\
shoots, and eventually mature plants with flowers. Since tﬁen

in vitro embryogenesis has been’observed in many other plant

genera and species, such as Nigella (Banerjee énd Gupta, 1975b),

Panax ginseng (Chang and Hsing, 1980), Nicotiana tabacum

(Prabhudesai and Narayanaswamy, 1973), and Antirrhinum majus

(Sangwan and Harada, 1975), plus in at least 70 more plant
species, described in many excellent reviews such as those by
&asil 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 éupport the hypothesis that the
induction and maintenance of orderly development (that is, the
control of normal plant growth) is largely a result of the
appropriate balance of growth regulators along with the

iappropriate nutrition (sugar, minerals, 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
hprticultufél, agricultural, and industriai benefits. These

benefits are well described in many excellent reviews such as

those by Murashige, 1974; Pierik, 1975; Holdg%te, 1977;

| .
ashige, 1977; Narayanaswamy, 1977; Spiegel—?oy and Kochba,

\\\1977; Murashige, 1978; and Zenk, 1978. A few highlights of these
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benefits will be given along with some plant examples that were
randomly selected for purely illustrative purposes and are not
meant to be comprehensive listings.

In plant breeding programs, plan; tissue culture can
provide a methodologi;al basis for genetic i&provement of plan£s.
This can'be achieved by providing material fo;'mutation induction
and screening of new genotypes faster and more economically than
by traditionalrig 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 agricul%ural benefits include the
rapid c¢clonal propagation of plants when vegetative propagation
in vivo is slow, non-profitable, or simply not possible
{(examples: Boston fern, Gerbera, hyacinth, orchids).

Yet another benefit is the production of plant material E>

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

Chrysanthemum, Citrus, Dianthus, Freesia, Lily).

7 7”>ihdustrial benefits include the potential use of plant
N )

tissue culture fdr\S?ss production of valuable secondary

metabolites for medical, 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 encrmously and now has
important impact in many fields of research: plant development,
biochemistry, physiology and genetics; as well as significant

o -
economic impact in horticulture, agriculture, and industry.

2, Regulation of in vitro Organogenesis

»

Many factors are known to have an effect on in vitro
regulation of organogenesis. These factors can be broadly
grouped into two classes: plant imposed factors and
experilmentally imposed factors. Néturally these two classes
interrelate in their determining effects on organogenesis. Some
Bf the main plant imposed factors are the genetic make-up of the
donor plant, its physiological state, the tissue origin of the
explant, the ceil age of the explant, and inter-tissue and'
inter-cellular correlations within the explant. Some of the
experimentally imposed factors are the composition of the pulture
medium (g;i; nutrition) carbohydrate source, pH, osmotic |
pressure, and hofmones) and the culture environment (e.g. 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 ? /

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; so
that different species and even different cultivars of the same
species show different organogenetic responses under similar
culture conditions. Thus, the specific cqlture conditions
optimal for induction of a particular form of organogenesis is
very much a function of genotype.

For example, in propagating Freesia plantlets from
adventitious buds produced in vitro, Pierik and Steegmans (1975)
found different érganogenetic responses in all ten cultivars
tested.

In testing the morphogenetic potential of callus of stem
and leaf origin from twoiépecies of tobacco as well as two

cultivars of Nicotiana tabacum, Chailakhyan, Bavrina and

v

Konstantinova {(1977) found floral buds only on callus derived
from explants of the day-neutral cultivar.
On the other hand, workers with Tran Thanh Van found that

a day-neutral hybrid oé tobacco produced by crossing Nicotiana
tabacum L. cv. Samsun with N. sylvestris had reduced flowering
capacity, thus ascertaining that total floral organogenetic
capacity (i.e. 100% de novo flower formation) is not specific
to all daylneutral cultivars of Nicotiana (Tran Thanh Van and

Trinh, 1978). This was recently further substantiated by other



hybridization'g}udies in which a long-day hybrid was produced
which showed in KEEEQ floral potential (Kamate, Cousson, Trinh
and Tran Thanh Van, 1981). Together these gtudies show that the
actual photoperiodic requirement of the donor plant is not
direcily related to the potential for in vitro floral expression
in Nicotiana.

Moreover, there are even more subtle'genetic influences
present in some tissue cuiture systems. There are cases where
even for the same cultivar some genetic lines show certain
organogenetic traits not expressed in other genetic lines of the
same cultivar; for example, Pisum (Tran Thanh Van and Trinh,
1978, and references therein).

Thus, there must be very subtle genetic factors, as well as
the . more ogvious inter-species gehetic factors, which have a

determining role in regulation of organogenesis in vitro.

The physiological state of the donor plant: In many tissue

culture systems it is known that the physiologicaf state of. the

donor plant has an important determining role in the in vitro

S

expresgion of organogenesis. For instance, for some plant
species)\and genera, floral organogenesis in 21359 is only
observed when the donor plant has previously been florally
induced (i.e. is in the flowering state). This observation has
been reported fof several species of Begonia by Ringe and Nitsch
(1968), for example.

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

reported by several workers for Nicotiana tabacum: for example,

Chouard and Aghion, 1961, using cultured stem segments of
tobacco, and Konstantinova et al., 1974,'using tobacco callus
cultures. 1In pge laboratory of Tran Thanh Van using thin
epidermal explants excised from floral branches of tobacco, it
has been shown that for some ;pecies of Nicotiana and certain

~ _—
culFiva s of N. tabacum that the de novo and direct flower
férma;ion is only expressed at a precise physiological stage,
namef; after fertilization of the términal bud on the donor pl;nt.
Thus, for a given genotype of tobacco, the physiclogical stage
seems to be the determinant 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 explant, with respect to both the tissue type and the excision
locus on the donor plant, is known to affect in vitro expression
of organogenesis. .

It is well documented in many species that the different
tissues of a plant show different organogenetic responses under
similar culture coﬁéitions, or conversely, that the specific

culture conditions (in particular, the type and concentrations of

growth regulators)® optimal for inducing a specific type of

E

¢ ~ ’ . Y. » .
organogenesis is a function of tissue type. For example,

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

n
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and leaf tissues of Nigella sativa were all organogenetic, but

that the frequency of differentiation and the appropriate media
for inducing organogenesis differed for each tissue origin.

The in vitro culture of leaves, petioles and floral stalks
from flowering Begonia by Ringe and Nitsch (1968) led to floral
organogenesis when appropriate concentrations of cytokinin,
adenine and auxin were sﬁpplied;‘however, the optimal concentra-
tion of these three substances varied for each organ, and even‘so
the frequency of floral organogenesis differed for each.

It has also been observed that cultured stem sections of

Nicotiana glauca did not yield adventitious roots or shoots under

the same culture conditions that induced cultures from shoot tips
to do so profusely. Similar observations have been made for
Petunia stem and shoot tip cultures (Murashige, 1974, and «
references therein) .

g 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 explant originated.

Such a positional effect has been well documented in

J
various stem culture sta@ies on f£lowering Nicotiana tabacum

plants. The positional effect is seen as, an in vitro gradient of
floral expression, in which the fréquency of floral organogenesis
increases with increasing proximity of the excision locus to the
floral apex of\the donor tobacco plant.

This gfadient was originally described by Aghion-Prat (1965)

E
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who used entire stem segments, and has subsequently been
confirmed by Tran Thanh Van (19;3b) using thin epidermal explants
and Hillson and LaMotte (1977) using peeled stem segments. This
gradient hés recently been studied in relation to other
physiological and biochemical gradients observed in the stems of
flowering tobacco STran Thanh van and Trinh, 1978, and references

therein).

The cell age of the explant: Variations in organogenetic

characteristics among explants, cell cultures, or callus
cultures are sometimes correlated with:differences in .their
physiological age and/or the extent oﬁ/differentiation among
their constituent cells.

For example, Hillson and LaMotte (1977) reported a
progressive decline in organogenetic potential down the length of
the tobacco stem fn their cultures of peeled stem segments, quite
apart from the gradient of fléral expression noted above.
Specifically, they reported that higher excision loci (i.e.
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.

o

An example in another species is the culture of Echeveria

\Y
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elegans\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).

Some 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 explant: As -suggested

by observation of in vivo adventitious regenération in piants in
which shoot buds generally arise from superficial cells of the
aerial part of the plant, whereas roots originate from inner
tissues (e.g. perivascular cells), there exist inter-tissue
correlations which play determining roles in‘the regulation of
orgaﬂogenesis ié vitro.

Studies in the laboratory of Tran Thanh Van on several
plant species have provided evidence for inter—£issue
correlations (Tran Thanh Van, Chlyah and Chlyah, 1974; Tran Thanh
Van and Trinh, l978,kand references therein). For example, work

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

segments of Torenia fournieri showed that the epidermal cell

%ayer 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 cultured 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 explant: Many in

‘vitro studies h¢ve led to the conclusion' that a certain
relationship between cells (that is, an orderly pattern of inter-
cellular organization) seems to be a prerequisite condition for
morphogenesis to occur. For example, some authorities believe
that single cells in isolation do not develop directly into
embryos. Rather, single cells that are potentially embryoidal
are differentiated amongst cellular aggregates (which however may
arise from divisions of single isclated cells), as evidenced by
histochemical changes in the cells. Thus, it seems that some
sort of inter-cellular interaction precedes efibryogenesis
(Narayanaswamy, 1977, and references therein; Wareing and
Phillips, 1978, and references therein). i

Another very common example of inter-cellular interactions
in tissue culture is-that, in many cases, survival as well as
rate of development in vitro is directly related to the size of
the explant (for example, leaf disk explants of tobagco:
Mullins, Harsono and Batten, 1976; and Murashige, 1#94, and
references therein).

Another example of inter-cellular factors affecting in
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vitro organogenesis is provided by work on Torenia fournieri in
Tran Thanﬁ Van's laboratory. Their results gave evidence for
competiéion among cell division sites in small tissue pieceg
cultured in vitro: the formation of the first buds limited all
cellular activity within a certain distance thus preventing the
initiation of new primordia as well 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 explant
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 in vitro oygahogenesis: those associated with
the culture environment andlthose associated with the culture
medium. Some of the main factors in each caéegory will be

k)

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 studies :in which temperature has been
shown to affect the expression of in vitro organogenesis. For

example, in some tobacco callus studies it has been shown that
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optimal shoot formation occurs at 18°¢C (Murashige, 1974, and
references therein). The morphogenetic differentiation of
unicellular hairs induced in vitro from epidermal cells of the

main leaf vein of Begonia rex 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 (Murashige, 1974, and references therein).

The environmental light conditions: In most tissue

cultures light is needed to regulate the morphogénetic processes.
Both the intensity and duration of light may be factors affecting
in vitro organogenesis, though the specific 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 epidermal explants of tobacco occurred with 16
hours of light at 52,000 ergs---cm-zsec:-l (Tran Thanh Van, Chlyah
and Chlyah, 1974; Tran Thanh Van, 1977). “In stem explants of
tobaccoi increased daylength led to increased bud formation
(Hillson and LaMotte, 1977). However, root organogenesis in
epidermal explants of tobaccé was enhanced by dark conditions
(Tran Thanh Van, Chlyah and Chlyah, 1974; Tran Thanh Vvan, 1977).

Another somewhat unusual example is the culture of Cichorium leaf

sections in which optimal shoot formation occurred when the



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 matrix: There are sometimes specific matrix

reguirements for the production of specific types of organo-
genesis. The ma;rix‘requirement, ligquid medium versus agar-
solidified medium, is possibly associated with oxygen
availability and requirements (Murashige, 1974). In any case,

2

the matrix requirement is definitely a function of the plant

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

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

epidermal explants of Nicotiana tabacum, which produced 100%

floral organogenesis on an agar medium, did not produce any
flowers (i.e. produced vegetative shoots instead) Qhen floated
on a liguid medium identical except without aéar.

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). K

It has been demonstrated by several workers that Nicotiana
callus cultures are induced to form shoots simply by transfefring

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

« »
4
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references therein).

Nutritional factors in the culture medium: Generally the

types and concentrations of inorganic salts and various organic
additives (other than growth requlators) as defined by the most
common tissue culture media (for example, the Murashigé;and Skoog
medium defined in Materials and Methods of this thesis) fulfill
the nutritional requirements of most plant tissue and organ
cultures. However, occasionally a specific type of culture may
require other additives (g;g;fhalt and yeast extracts, coconut
milk, banana pulp, orange and tomato juices, fish emulsion) to
pfg;ote growth and differentiation (Murashige, 1974, and
references therein). For example, Banerjee and Gupta (1975b)
found that they could induce embryogenesis in Nigella cultures by
increaéing the concentration of casein hydrolysate. Another
specific nutritional requirement associated with a specific type
of organogenesis 1is cited by Kohlenbach in a 1977 review on
embryogenesis in which he réports 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 may have a reguliﬁing effect on

organogenesis. For example, in thin epidermal explants of

-
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tobacco, it was found that, besides a specific auxin/cytokinin
requirement, optimal root organogenesis required a lowered (1%)
sucrose concentration (Tran Thanh Van, Thi Dien and Chlyah, 1974)
or a lowered glucose concentration (Tran Thaﬁh Van, 1977). Using
the same system to test four monosaccharides, it was found that
optimal floral bud formation required specific combinations of

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

The gF of the culture medium: Very little work has been
done correléting the pH of the medium with the regulation of in
vitro organogenesis. Generally the pH of qulture media fall in
the range pH 5 to 6, with pH 4.5 to 7.0 representing the usual .
limits of pH tolerated by tissue culture growth. However, in a
very recent study on thin epidermal explants of tobacco, it was
demonstrated that specific 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). b

Osmoregulatory factors in the culture medium: Osmoregula-

tory factors affecting in vitro organogenesis have been suggested
by several studies, as reviewed by Thorpe (1978). Thus, the
sucrose conéentration effect, cited under "carbohydratenéource"
above, may be partly osmotice® in nature. The following examples

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

zygoéic emﬁryo culture, cotton fiber growth in vitro, and de novo

shoot formation in tobacco callus. The tobacco callus 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 growth

regulators known to affect organogenesis in vitro, including
gibberellins, ethylene, auxins and cytokinins. The latter two

Pt

are generally considered to be the most important regulating

— e

factors, and aréhcertainly the most commonly employed; thus this
review will be limited to their actions in vitro. Following the
example of Evgrett et al. (1978), for convenience the term
hormone w%ll be used to include natural and synthetic compounds
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 regulétory 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
is probably very much a function of plant species and explant
type. These modes are as follows: i) auxin/cytokinin ratios,
ii) the specific tgpe.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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A
hypothesis was initiated by Skoog based on his work on regulation
of morphogenesis in tobacco callus cultures. His 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 ra}ios, whereas shoot organogenesis resulted from low
ratios (Skoog, 1970).

ii) the specific type and concentratiqn(s) of auxin and/or
cytokinin: 1In sdme tissue cultures,.specific auxins or
cytokinins at specific concentrations are required for in vitro
expression of a certain t&pe of organogenesis,

For example, in cultures from excised axillary buds of

$ .
Opuntia polycantha, the type of organogenesis was shown to be a

Al

function of the type of growth regulator used: NAA(an auxin)
induced roots in adjacent tissue, BAP (a cytckinin) induced
leaves, and GA (gibberellic acid) induced spines from buds;
altering the concentrations led to different types of lateral
appendages (Mauseth and Halperin, 1975). A more recent example,
typical of (in vitro embryogenesis, is the production of plantlets

from emkfxézgs of Panax ginseng callus cultures. The production

required four stages of tissue culture, each requiring different

hormones (or combination of hormones) at specific¢ concentrations

(Chang and Hsing, 1980).

In thin epidermal explants of Nicotiana tabacum and

Nautilocalyx lynchei, the same .cells were shown t;\give rise to

4y Vegetative buds, roots, or callus (or also to floral buds, for

.
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Nicotiana) depending on the relative concentrations of auxin,

«

cytokinin, and sucrose (Tran Thanh Van, 1973a; Tran Thanh Van,
#*
Chlyah and Chlyah, 1974; Tran Thanh, Thi Dien and Chlyah, 1974).
Auxin has been shown to promote in vitro floral organo-

ol

genesis in Begonia, though there were specific auxin and

cytokiniﬁ concentrations optimal for flofal_gpd formation (Ringe

and Nitsch, 1968).

:0On the other hand, auxin, specifically IAA, inhibits floral

organogenesis in Nicotiana tabacum cultures. Studies by Skoog
showed that ghe floral organogenetic capacity of tobacco stem
segments were drastically reduced by IAA, though the inhibitory
effect could be counteracted by nucleic acid base analogues
{Skoog, 1970). Similarly, it was found that IAA concéhtrations
equal to or greater than 10_6M inhibited floral organogenesis in
peeled stem segments (i.e. without epidermis) of tobacco (Hillson
and LaMotte, 1977). The inhibition of in vitro floral organo-
genesis in tobacco cultures by IAA has been linked with an
inhibition of synéhesis of specific DNA fractions (Skoog, 1970;
Wardell, 1977). Moreover, the in vitro gradient of floral
expression observed in stem cultures oﬁ tobacco (the frequency of
floral organogenesis increases from base to apex in flowering
tobacco plants) has also been linked with endogenous IAA content
(Tran Thanh Van and Trinh, 1978, and references therein; Wardell,
1977; Thorpe et al., 1978).

High concenérations of kinetin (greater than lO_SM) also

inhibited floral organogenesis in peeled stem segments of
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tobacco; and the relative concentration of kinetin governed the
auxin requirement for vegetative organogenesis (Hillson and
LaMotte, 1977). Kinetin alone induced the formation of
vegetative buds on leaf disks of tobacco cultured on an auxin-
free medium (Mullins et al., 1976) . b
iii) the presence and subsequent removal of auxin: In
Kohlenbach's 1977 review of in vitro differentiation and plant
regeneration, he concludes that while auxin is definitely
required for the induction of embryogenesis in vitro, it hinders
its development; thus, development 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 that roots, callus or

embryos could be induced depending on the growth regulators used,
Jbut 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 ét the Laboratoire du Phytotron, Centre National de la
Recherche Sciéentifique, at Gif-gur-¥Yvette in France. This system
uses epidermal explants, consisting of a few superficial layers

of cells. They found that such explants, excised from certain
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plants and cultured in vitro, had organogenetic potentialities
which coﬁld be controlled, by modification of nutritional and/or
environmental factors (Tran Thanh Van and Drira, 1970; Tran Thanﬁ
Van, 1973a, 1973b; cCchlyah, 1974; Tran Thanh Van, Chlyah and
Chlyah, 1974; Tran Thanh Van, Thi Dien and Chlyah, 1974; Tran
Thanh Vén,vl977; Tran Thanh Van and Trinh, 1978; Kamate et al.,
1981) . Their studies showed the system to be relatively simple,

homogeneous, and yet still capable of reproducing organogenetic

potentialitjies of the plant. Epidermal explants from Nicotiana
tabacum showed various types of organogenesis: floral buds or

3

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

1i) the rapidity of response. Organogenetic structures -were well
developed within weeks. Many other culture systems might require
months fo% the same{éégree of development.

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 Vvan found that it
was possible not only to obtain mitosis in one specific cellular
layer of the explant, with subsequent vegetative shoot or root
formation, but also to have mitosis followed rapidly by meiosis,

5

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

Tran Thanh Van, 1974; Tran Thanh Van and Thi Dien, 1975). Thus,

H
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different types of organogenesis were obtained in a regulated
fashion from the same cell layer. IIn other words, in this system
a small group of homogenous, cytol&gically 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 syifem convenient for studies of
organogenetic regulation.

This system was used to quantitate the gradient of floral

potential found in Nicotiana tabacum. This physiological

%

gradient in flowering tobacco plants has heen well documented in

the literature. (Tran Thanh Van, 1973b; Hillson and LaMotte,
1977; Wardell, 1977; Thorpe et al., 1978; and references within
these.) Using the system of epidermal explants, Tran Thanh Van
e

quantitatively analysed the gradient of floral potential in

Nicotiana tabacum L. cv. Wisc. 38 (Tran Thanh Van, 1973b). Tran

Thanh Van's st&diés revealed two opposing gradients of in vitro
organogenesis along the tobacco stem. One was a gradient of
increasing floral 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% vegetative buds ahd 25% floral buds, explants
ffom the subfloral region showed sog vegetative buds and 40%
floral buds, explants from the floral region showed 38%/
vegepative buds and 62% floral buds, and explants frqg/ihe
branches of the inflorescence showéd 0% vegetatﬁbe guds and 100%

e
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floral buds. Thus, from base to apex of fldWering tobacco

plants, floral‘organogenesis went from 0 to 100%, andhvegetaﬁive

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

gradient in the number of internodes before flowering in the in

vitro floral shoots from different explant regions. Floral
shoots on middle region eéplants showed four internodes before
flowering, on subfloral explants three internodes, on the floral
stem explants two internodes, and on floral branch explants one
igternode (i.e. the floral buds were directly on the explant).

All neoformations arose from the subepidermal layer.

These findings indicate two general trends with regards to
the floral gradient in tobacco:

i) the existence of a gradient of increasing potential for floral
organogenesis from base to apex in Nicotiana at the green-
fruit stage of development.

ii)a tendency from apex to base to produce i1ncreasing amouﬁ%s of
vegetative growth per f£loral shodt before floral bud
formation in vitro. s

To investigate factors which might regulate in vitro floral
organogenesis in this system, Tran Thanh Van et al. attempted to
modify the organogenetic capacity of floral branch explants 6f
the green-fruif stage of tobacco, which und?r precise conéitions
expressed only the organogenetic capacify for formation of floral
buds (Tran Thanh Van, Thi Dien and Chlyah, 1974; Cousson and Tran

Than' Van, 1981). Thus, in testing tﬁé effect of three

physiological stages of the donor plant, Tran Thanh Van found
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that yhereas 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 explants from plaqts at the full-bloom stage (the earliest
stage examined) produced no floral buds at all. This suggested
that either floral organogenetic potential was supressed in some
way at the full-bloom stage, or that floral ofganogenesis was not
being induced by some endogenous condition that did exist at
later physiological stages of the donor plant. )
It was also shown that IAA and kinetin were both necessary
for floral bud formation; the most favorable conc;ntratlon being

10—6 M with an auxin/cytokinin ratio of one. If the absolute

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

. same, there was no floral bud formation at all.

As preQiously mentioned in the literature review, sucrose
concentration was anog?er regulating factor: the optimal
concentration was 20 to 36 ggL: Light was not an absolute
requirement, but those explants grown in the dark had a much
reduced capacity for organogenesis. gucrose concentration only
partly compensated for this.

Under conditions standard for floral organogenesis, there
was a pronounced polarity in the explants. Floral buds always
developed at the basal end of the explants. The polarity was
eliminated by increasing the cytokinin concentration to 10"5 M;

however, this also eliminated the capacity for floral

organogenesis (i.e. only vegetative 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-D), rather than IAA. Callus
cultures,’gven after several years of successive transfers,
retained their organogenetic patential. Vegetative structures
resulted when the callus tissue was transferred to an IAA medium;
however, floral organogenesis was never observed to arise from
these calius 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 orga&ogenesis 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 ét al.
considered that it is the respective gquantities of these
substances that count, not, generally, their respective special
gualities. Since the explants are so small, the amount of
endogenous substances they contain are also very small; and,
therefore, expression of organogenetic capacities depends heavily
on the exogenous substances supplied in tﬂe medium. Thus, with

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
literature, widely establishing its organogenetic capacity.
Species in which leaf tissue culture has been especially

advantageous include Brassica oleracea, red cabbage, in the

clonal propagation of this crop plant (Bajaj and Nitsch, 1975),
and Morus alba, mulberry, which being a woody plant is difficult
to culture by other methods {(Oka and Ohyama, 198l). Examples of

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

nopbilis in which floral organogenesis was shown to be regulated
by photoperiod (Nigsch, 1972, and references therein) and Begbnia
(several species) 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 tobaEco, by Yusufov and Khachumova (1975)
-in the Soviet Union.

Of particular interest to this thesis are two studies on

leaf 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 leaf 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 callué cultures-derived from
tobacco leaf tis;ue to show an association between day-neutral
photoperiod ané the potential for floral organogenesis.
Kasperbauer and Collins (1972) and Burk (1975) used tobacco leaf
tissue cultures respectively to produce §iploid tobacco piants
from haploids, and pure diploid and haﬁloid 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
tissue 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

milk they tested ,the effect of three growth 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 IAA was not necessarily required for bud

5 M)

formation and that increasing IAA conéentrations (10_7 to 10
led 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 consisted of leaf disks excised from young vegetative

tobacco plants (Nicétiana tabacum) and cultured on auxin-free
Murashige and Skgog me&ium with a—kinetin concentration of

5 x lO_G’M. They stated that, under these conditions, they
observed vegetative buds ofiginating extegnally to the original
explant tissue on peripheral callus or internally by localised
proliferations of cellé’in tﬁe palisade layers; Vegetative buds
were the only form of organogenesis obse?ved (as in Gupta et
al.'s studies), and the maximum organogénetic response observed
in any of their work 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 floral bud stage, slightly less at the
vegetative stage, and was drastically reduced at flowering and
seed-bearing stages. Wounding seeﬁed to adversely affect the
organogenetic response, since donut shaped disks showed almost
no bud formation, and, in fact, mostlyrnecrosed early in culture.
In testing the effect of explant 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 IAA

content. In testing the effect of explant orientation during

culture, they found an absolute requirement for plating the . .
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disks adaxial side up, with the lower epidermis in contact with
the ﬁedium. When they plated the disks adaxial side down, the
disks turned yellow and died. T

Thus, the tobacco leaf disk system developed by Mullins et
al. waé evidently complex énd subject toqmultiple sources of

-

variation.

L)

N
Recently (subsequent to the exéérimentation described in

this thesis) results from another ;tudy on organogenetic
regulation in'tobacco leaf explants have become available. This
study was by Chih-hun& (1978) and coworkers at the Laboratory of
Cell Physiology in the Shanghai Insti?uterof Plant Physiclogy in
China. Their culture system consisted $¥\§ma11”§&;a;é;'of
tobacco leaé (25.mm2) excised from several cultivars of Nicotiana
tabacum in the vegetative phase and cultured on modified
Murashige and ‘S8koog medium supplemented with lactalbumin
hydrolysate. Tiéy.testedfthree cytokinins (BA, kinetin, and
zeatin) and gyo auxins (NAA and 2,4fD). Theif results showed
that adl three cytokiﬁins greatly stimulated bud formation‘on tﬂe
leaf explants, whereas auxin (NAA) only promoted root formation.
They founé that there were no apparent differences between the
cultivars of tobacco tested, as well ;s 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



10°° M to 5 x 10°°

M, but higher concentrations suppressed
further bud development and root formation, thus confirming the
results of Gupta et al. (1966) while also demonstrating that
tobacco leaf tissue did not require coconut milk for expression
of org;nogenesis (as did Mullins et al., 1975). Chih-hung and
coworkers also demonstrated that tﬁe presence ot cytokinin 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 shoot (and root) development. .
In summary, the literature shows that tobacco leaf tissue

has in vitro organogenetic potential. In the case of vegetative

s

organogenesis, this potential is expressed in the presence of
cytokinin, whereas in the case of root organogenesis, it is
expressed in the presence of auxin. WNeither direct floral

organogenesis nor embryogenesis has been clearly establishqd for

“

leaf tissue cultures of Nicotiana tabacum. g

AN
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IITI.- MATERIALS AND METHODS

1. Experimental Studies

i. Growth of plant material

Nicotiana tabacum L. cv. Wisc. 38 plants were grown in

growth chambers at 24°C continuous temperature with_a 16 hour

light cycle at approximately 5400 lumens-mhz. Seéds were

.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;
1 part vermiculite). The plants were irrigated five days per
week with diluted Hoagland's solution (Table 1) and two days per
week with tap water, to flush &ccumulated 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.
Thé irrigation 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 tﬁe 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

39
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Stock Ingredient(s) Stock Stock Final
Solution Concentration Volume Concentration
M g/L mL/40 L mg/L
A NH4H2P04 1.0 115.04 20 57.5
B KNO3 1.0 101.10 120 303
C Ca(N03)2-4H20 1.0 236.15 80 472
D MgSO&'7HZO 1.0 246.48 40 246
Micronutrients H3BO3 2.86 2Q 1.43
MnC12'4H20 1.81 0.90
, Zn50437H20 0.22 . 0.11
CuSOa'5H20 0.08 0.04 .
H,Mo0, *H,0 0.02 ; 0.01
Sequestrene 1.4 g/40 L 35
AN
Table 1: Modified Hoagland's Solution
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individual plant. By the green-fruit stage, basal senescence had
proceeded to the degree that 20 to 25 per cent of the leaves
(i.e. 6 to B leaves out of a total of approximately 30 leaves)
would be° totally or mostly senesced.

Vérious developmental stages of the Nicotiana plants wer;
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 terminal flower of the -
main axis. For example, plants at the green-fruit stage were
characterized by a terminal fruit containing immature, green

seeds.

ii. Preparation and sterilization of explants

In preparation for explanting, the appropriate 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 extérnal debris. The plant material was then
sterilized by a 60 second immersion in 70% ethanol (v/v),
follqwed by a 10 minute immersion in 0.5% sodium hypochlorite
solution (a 10-fold dilution of household bleach which was a
guaranteed minimum 5.25% NaOCl), and then rinsed at least three
times with sterile, double-distilled water.

Epidermal explants: Epidéjmal explants were excised fn@g
stem segments using a sterile scapg&: The explants ranged from

0.1 to 0.4 cm in width and 0.5 to 1.0 cm in length; the explant
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size being a function of the excision location. Two factors
necessitated this variation in explant size. The small diameter
of the floral branch axes limited the sizg of explants from this
location to the smallest dimensions cited above. However, when
explants from the lower excision regions {(the middle and base of
the tobacco stem) were cut +to those dimensions, almost total
necrosis resulted,

Leaf disk explants: Leaf disk explants were excised from
pieces of tobacco leaf (approximately 6 cm x 6 cm) using a
sterile, stainless steel disk-cutting tool designed and produced

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

in diameter.

iii. Culture media

Epidermal explants: The medium used for culturing the
epidermal explants was developed by Tran Thanh Van (1973)., It
contained macro- and micronutrients by Murashige and Skoog (1962),
plus sucrose, myo-inositol, thiamine, kinetin, and indoleacetic
acid (IAa) as listed in Table 2. Kinetin and IAA were each
present at 107% molar (M) concentrations.

Leaf disk explants: The medium used for culturing leaf
disk explants was the same as the medium for epidermal explants
except for the concentrations of kinetin and IAA. The concentra-

5

tion of IAA was 10 ° M, unless otherwise specified, while the two

most commonly used concentrations of kinetin were 10™% ana 107°
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Stock Ingredient(s) Stock Stock Final Concentration
soln. conc, volume
(g/L) (mL) | (mg/L) (mM)
A NH,NO 82.5 20 1,650 N 41.2
B KNO,, 95.0 20 1,900 18.8
c H4304 1.24 5 6.2 0.1-
KH,PO, 34,00 170.0 1.25
KI 0.166 0.83 0.005
Na,MoO, 2H,0 | 0.050 0.25 1072 .
CoCl, 6H,0 0.005 0.025 10=4
D CaCl, 2H,0 88.0 5 440.0 © 3.0
E MgS0, TH,0 74.0 5 370.0 1.5 '
Mns0, H,0 3.38 16.9 | 0.1
Zns0, TH,0 1.72 8.6 0.03
Cus0, 5H,0 0.005 0.025 10™4
" F Na,EDTA : 3.73 10 37.3 Na 0.20
FeSO, TH,0 2.78 27.8 Fe 0.10
Thiamine-HC1 0.02 5 0.1 | 4 x 1074
Epidermal Explants:
IAA 17.5 mg/L 10 0.175 . 1078
Kinetin  10.8 mg/L 20 |0.216 1078 m | —
Leaf Disk Explants:
IAA . 175.2 mg/L 10 1.75 1072 M
Kinetin 2152 mg/L 10 |[21.52 1074 M
1 2.15 1072 m
Addenda: Myo=inositol 100 mg/L
Sucrose 30 g/L
Agar 10 g/L
Make to volume; adjust to pH 5.6 to 5.8 (optimum 5.7&
with HC1l or NaOH; add agar; autoclave 15 min, at 120~ C.
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v} o

molar, as specified.

t

w

Media prepara£ion: In large experiments involving hundreds
of explants plated in several explanting sessions spaced over a
period of one or two weeks, all Fhe media were prepared at the
same time using freshly prepared stock solutions. The media were
mﬁde as a two-fold concentrate and included everything but the
IAA, kinetin, and agar. The medium concentrate was then frozen
in aliguots 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
agar added. Thuéi the media were always freshly prepared for
each explanting session but there was still medium homogeneity
within each experimentqsince the concentrates were always prepared
in a single batch. This frozen concentrate method was tested
against medium %reshly prepared from stock solutions and the same
results were obtained with each. For small expefiments the

medium was dire%fT§ﬂ;;2§a{?d from stock solutions.

All media were sterilized by autoclaving for 15 minutes

’

-

at 120°%. ,

iv. Culture conditions

5]

Both types of explants were plated horizontally on about
25 mL of medium in culture tubes, 25 mm in diameter and 150 mm in
length, stoppered with plastic bungs (Canlab: diSPo plugs) and
then covered with 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.

‘Fhe explants were cultured at 27°C in growth chambers with,
continuous‘24 hour illumihation (unless otherwise specified) at
10800 lﬁmens/mz, as measured outside the culture tubes.

The explants were harvested at four weeks and either

immediatély analysed by dissection or fixed in 70% ethanol for

later dissection analysis, unless otherwise specified.

2, Morphological Studies

For the morphological analysis, explants were fixed %?:ERA
solution (900 mL 70% EtOh, 50 mL glacial acetic acid, 50 mL 37%
formaldehyde solution), rinsed in 70% ethanol for six hours, and
then stained overnight:with alcoholic acid fuchsin (0.5% acid
fuchsin in 95% EtOH). The explants, or buds dissected from the
explants, were photographed while immersed in 100% ethanol,

following the technique of Sattler (1968).
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IV. OBSERVATIONS AND RESULTS

1. Epidermal 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. Wisc. 38 plants, as described

in Materials and Methods:

The aim of this research was to investigate factors
regulating the expression of the in wvitro floral gradient
observed in Nicotiana. Specifically of interest to this research
was the relation;hip between developmental stage of the tobacco
plant and expression of the floral gradient. Consequently, the
experiments for this research were focused on analysis of the
floral gradient in three developmental stages of Nicotiana
taﬁacum: 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 & closed flower bud.

{

The in vitro floral gradient in Nicotianaitabacum L. was

expressed by an increased incidence of floral organogenesis on
the explants with increase in proximity of the explant excision
locus to the floral apex. Consequently, five excision regions

were defined along the tobacco stem (as 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 stgm occurring between floral branches.

3) sub=-floral stem region, in which explants were excised from
the tobacco stem just below the inflorescence. Specifically,
this regién 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 (mathematically determined).

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

central section of the bottom third of the vegetative part of

the pllant (also mathematically determined).
However, e to the absence of an inflorescence in the earliest
developmental stage of tobacco used in this research, only the
last three)excision regions were ayailable/in plants at the
floral bud stage (i.e. floral bﬁd plénts only had sub-floral to
basal stem regions).

'

This experimental approach was used throughout the

' epidermal explant research. Since these three developmental

stages and five excision regions are frequently referred to in
abbreviated form in tables throughout the Results sec;}on, a

table is given below, summarizing their abbreviations.
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P
Developmental Abbreviation Explant Abbreviation
Stage Region

green fruit GF floral branch FB
full bloom Fl 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 Explant Results P
e

R

i1. System analysis: technical appraisal

~ (

Oﬁe of the main concerns in the research u;ing epidermal
explants was the production of suffiéient 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 anglysis due to lack of in vitro growth and/or
high infection and necrosis rates (up to 100% per set of

experimental replicates). Infection, necrosis, and growth

" response rates for all the epidermal explant experiments are

tabulated in detail in Appendix 1 and are summarized in Table 4.
In order to reduce the infection rate, a 60 second
treatment with 70% ethanol was added to the sterilizing

procedure. The alcohol treatment reduced the contamination rate



Experiment* Explant |Number |7 excluding infected explants
Type(s) |Plated Infection {Necrosis | No Growth

2: Rack Test GF:SF 98 21 27 23

3: Gradient all 918 79 42

5: Gradient GF:all 89 37 0 23

7: Gradient all 900 10 4 15

8: qillys GF:FB,TF 40 0-10 0 0

9: Explant GF: 54 2 6 36

Orientation | FB,F,SF

10: Gradient all 594 14 0 10

12: 1AA GF: 54 4 2 23
FB,F,SF

13: Polarity all 234 1 3 18

14: Gradient all 468 3 29 24

1./ o

15a: Gradient | all 468 4 9 }9

15b: Alcohol GF:all 90 1 9 82
GF:all 90 13 21 77
Bd:all 54 4 8 25

( Bd:all 54 9 31

*Experiments ;Lt cited in this table dealt with the growth mode
and senescence development of tobacco plants.

-

USRI I
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Table 4: Summary of Yield Analyses of Epidermal Explant Experiments

%_excluding infected explants Yield Commentsg**
Ingsufficient | Organogenesis Z of plated
Development explants
18 31 2% o-p
58 12 3=p
30 46 29 o~p
75 6 5 o-p
callus growth: 100 90-100 o-p/alc
6 53 Y o-p/alc/ep.up
25 66 56 o-p/alc/ep.up
13 62 59 o-p/alc/ep.up
79 78 o-p/alc/ep.up
23 24 . 24 o-p/ale/ep.up/thin
{
22 20 19 o-~p/alc/ep.up
9 0 0 o-p/ep.up/thin/alc
3 0 0 o~p/ep.up/thin
33 35 33 o-p/ep.up/thin/alc
. 45 20 19 o-p/ep.up/thin

**Key to abbreviations. o-p: explants excised from open-pollinated
tobacco plants; s-p: explants from self-pollinated plants; R
ep.up: explants p;zted epidermis up rather than down on the agar;

alc: use of alcohol during the sterilizing procedure;
thin: explants cuff thinner than usual

i
/
'f
He o

i
i
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by 86% without adversely affecting the organogenetic response of
the explants. 1In fact, the alcohol treatment produced a 70%
increase in'the organogenetic response of the epidermal explants.
In general, the use of alcohol resulted in an overal} gafnnof 56%
in the experipental yield. Thege results are summarized in
Table 5.

Other concerns in attempting to reproduce Tran Thanh Van's
work were explant orientation and explant size and éﬁickness,
neither of which were clearly specified in her puglications. 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 overall organogenetic response less uniform {(both issues
are reported in detail later under "Gradient Analysis”"). It was
conjectured that explant orientation and/or thickness ﬁay have
been contributing factors in taﬁwobserved differences in explant
response.

Explant orientation was an issue since it was not known
whether to plate the explant epidermal or cortical side in contact
with the agar medium; that is, epidermis down or up. (Personal
communications sent to Dr. Tran Thanh Van were never answered,)
Initially, on the basis of preliminary tests, it was decided to
plate the explants epidermal side down. This also seemed to
correlate with the reports by Tran Thanh Van that the’organo-
genesis originated in the sub-epidermal layer (1973, 1974). This
orientation resulted in many of the organogenetic structures

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



¥y T $ Response Experiments
Analysis factor used in
without alcohol | with alcohol analysis
average % infection 28 4 all
average % organogenetic 5,7
explants (excluding I 26 43 18515
infected explants) ’
average % yield 17 38 "
stimulation of organogenetic response 1.7 "
due to-alcohol 0
¢ 1.7 Exp. 15b

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

1s
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Figure 1l: Examples of agar oriented organogenesis on epidermal
“ explants plated epidermal side down. a) a Fl1-SF
- explant with vigorous vegetative shoot organogenesis
(0.75x). b} a GF-F explant with a flower in full
bloom in the agar (0.75x). <) a GF-FB explant with
flower buds growing in the agar (0.75x).

2.

Figure 2: Examples of the extent of variation in organogenetic
response occurring even among replicate epidermal
explant cultures. a) a GF-FB explant showing vigorous
shoot and root growth (0.75x). 'b) a GF-FB explant

; with small buds (2.2x). <c¢) 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 Van. Plating epidermis
up rather than down did eliminate the problem of agar oriented
organogenesis, but otherwise did not guantitatively or

gualitatively affect the organogenetic response (Table 4;

«
—

Appendix 1; and "Gradient Analysis", p. 56). The organogenetic
response rate in exgzants 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.

Explant size was another variable in the system which was
difficult to control. The explants were manually excised from
stem segments, which introduced some variation in explant
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
0of green-fruit tobacco plants averaged less than 5 mm whereas
the diameter of the basal portion of the tobacco stem averaged
about 2 cm. Achievind explant size uniformity between such
dimensionally different plant parts was extreméiy difficult.
Furthermore, Basal and middle stem req;oﬁ explants cut to the
size of floral branch explants consistently led to complete
necrosis of the ;xplants in culture (ﬁnreported preliminary
investigations). By necessity then, the explénts used in this

research system showed substantial dimensional differences (see

1
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Materials and Methods). The presence of vascular tissue in some
of the explants, unreported by Tran Thanh Van, was thought to be
associated with thzs di%ensional vatiation. In an attempt to
decrease the incidence of wvascular tissue 'contamination' in the
explants, the gradient analysis.experiment (Experiment 14, Table
4) was repeated using thinner explants. (This was simpl a
qualitative attempt to excise thainner, more uniform explants.)
The use of thinner explants increased the necrosis rate from 0
to 29% and the 'no growth' (explants remaining green in culture,
but showing no in vitro growth) rate from 10 to 24%, thereby
decreasing the organogenetic response rate from 66 to 24%
(Experiments 10 and 14, Table 4).

The lack of success in producing organogenetic,
dimensionally uniform égblants from the five excision loci along
the tobacco stem led to'a final attempt to repeat the gradient
analysis experiment using séandard excision practices pfeviouslyg
employed, simply in order to reproduce and verify previous
findings (Table 4: Experiment l5a to repeat Experiment 10).
Concomitantly, a controlled experiment was performed using
'thinner' explan£s with and without the alcohol treatment aurlng
steriization. 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 experiment (Experiment 15b, Tablé 4) revealed

that the alcohol treatment did not increase necrosis in the

thinner explants, the average necrosis rate being 8% with the

J
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(

alcohol treatment and 12% without it. Furthermore, the

'

previously noted stimulatory effect of alcohol was evident in

this experiment as well. The organogenetic response was 35% with

the alcohol as compared to 20% without it. The magnitude of the
stimulatory effect was the same as observed in earlier
experimentation (about 70%) . However, the attempted repetition
of the gradient‘analysis experiment (Experiment 15a) was not
successful due to the absence of in vitro growth in half of the
cultured explants. ‘

iii. System analysis: ,jorganogenetic response

An overall analysis of the experiments alsc revealed
/ ,

certain trends in the ia\vitro organogenetic capacities of

epidermal explap%s. These are summarized in Table 6.
)

Table 6: Average Organogenetic Response Rates for Epidermal
Explants. Numbers are from Appendix 1, Experiments
10, 13, 14, and 15, and represent per cent of
explants showing organogenesis.

Developmental Explant Region Average for
Stage FB F  SF M B SF, M, B
Green-fruit 67 53 50 35 34 40

Full Bloom 72 61" 56 33 27 39
Floral Bud - - 61 24 36 40;
Average 70 56 32 40
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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 inflorescence develz:fent of

'the donor plant and organogenetic capacity..

However, there wés a gradient in organogenetic response
rates correlating with excision loci in all three developmental
stages. The response rate increased from base to apex, being
about 32% for middle and basal region®explants, 56% for floral
and sub—flo£al region explants, and 70% for floral branch
explants. Thus, the data do provide evidence for a correlation

between organogenetic capacity and proximity to the plant apex.

iv. Gradient analysis

The gradient of in vitro floral expression in Nicotiana

tabacum L. was clearly evident in all the epidermal explant:

exberimeQEs. 'Less clear, however, were the means by which to

exactly-define and quantify this gradient. . JTherefore, the issu;;

pertaining to this problem,*organOgenetic definition,}numerical

analysis, and origin:analysis, will be separately reported Pelow;
i

followed by a éummary of the gradient analysis results obtained

from this research.’

a) Organogenetic description and definition

»

The gradient of floral expression in Nicotiana was defined

3

by Tran Thanh Van (1973b) as an increase, on cultured epidermal

. , v
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explants, iﬁ the proportion of floral to vegetative shoots from
hase to apex of the tobacco plant. Obviously, this necessitated
classifying all de novo shoots or buds as either vegetative or
floral, but to do this certain issues had to be reéolved.

It was found in the work reported here that there was great
variation in the degree and quality of organogenetic growth found

on ‘the epidermal explants. Even within explant types, organo-

i

genesis ranged from a few microscopic huds to vigorous shoot ]
growth exceeding the capacity of the culture tubes (Figure 2).
Such variation occurred even among experimental replicates from
the same exrcision locus and donor plant. Besides variation %n
the number/ size, and development of the floral and vegetative
de novo growth, there was co;siderable variation in the amount of
callus tissue present, ranging from complete absence to it being
the prominent de novo tissue (Figure ﬁ). Similar variation
occurred in the amount of root growth present per explant (Figure
4 .

4) . Howewver, the root growth often represented secondary gano-~
genesis, that is, arising adventitiously from-well developdd
vegetative shoots. Uhen appe;iing as primary organogenesig, the
roots arose randomly on EQe explant, mostly from callus tissu
or non-differentiated outgrbwth§ {(further described under "Origin
Analysis").

There was great variation even within the floral organo-
genesis found on the epidermal explants (Figure 5). In most

cases, the floral organogenesis consisted simply of microscopic

floral apices, discernable only through microdissection. Very
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Figure 3:

Figure 4:

Examples of the variation in callus growth observed on
epidermal explagts after 4 weeks of culture. a) a Fl-F
explant with a small amount of callus and floral buds
(1.5x). b) a F1-B explant from which the prominent de
growth was callus tissue (1.%%) .

Examples of the variation in de novo root growth on
- epidermal explant cultures. a) a GF~-F explant witH
a few roots, as well as some vegetative and floral
shoots%(l.Zx). b) a GF-F explant with much root
growth, as well as much vegetative shoot growth (l.2x).

-«
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Figure 5:

Examples of the variation in floral organogenetic
response observed even among replicate epidermal
explant cultﬁres. Figures 5a to 5f all represent
GF-FB explants after 4 weeks of culture. a) an
explant with microscopic floral buds (1.0x).

b), c¢) explants with microscopic¢ floral buds and

increasing amounts of callus and vegetative shoot
growth (1.0x). d) an explant with a well developed
inflorescence (0.75x). e) an explant with two full .
sized flowers and vigorous vegetative growth (1.5x).
f) an explant with a floral plantlet (0.9x).

2
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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 microscopic to full size, were
aborted a&d necrosed during the course 6f floral development.
As an example, the following is a description of a floral shoot
on a green-fruit, sub-floral explant from an early gradient
analysis experiment (Experiment 5, as cited in Appendix 1): .

The floral shoot had three nodes of vegetative growth, thég
an aborted flower in which the androecium and gynoecium were
incompletely formed, the calyx fully developed, but the petals
aborted before cellular enlargement. Following the agorted
flower, there were about 13 to 15 further nodes of vegetative
groth; then a second floral apex in which the main (apical) bud
showed calyx, androecium, and gynoecium in early stages.

In other casés, the florai buds showed abnormal development,
often associated with callus growth. The following is an example

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

explant:

1
1

The largest floral\bud occurred directly on the e;plant,
but was growing into the agar medium and showed abnormal
development. The calyﬁ was fully developed but with some
callusing. At least two gynoecia were present. The androecium
and corolla were very callus-like in quality and caused
difficulties in d}scerning detail. .

While a normal flower clearly represents a different

organogenetic process from an aborted or abnormal flower, both
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represent incidences of floral induction. Therefore, all

incidenges of floral organogenesis, whether normal, abnormal, or
aborted, were defined as floral shoots for the purposes of this
research.__This 'definition represents, then, all circumstances

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

a

necessarily favorable for floral development. For the purpose of

gradient %nalysis, in which the aim 1s-to guantify the potential

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

s

adeguate and correlations relating to abnormal floral development

were not made. ‘
i o~

. All the explant types produced some vegetative or$ano-

genesis. As for the floral orgaﬂogenesis, 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 floral
expression was not only evidenced by an increasiné proportion of
floral to vegetat@vé shoots from base 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
amount of vegetativ%<growth per fibral shoot). Therefore, an
expe;imegf was performed to determine whether there was also a
gualitative difference in the vegetative shoots associated with
the gradient. 1In this exgeriment, cultures from an early

gradient analysis experimeﬁt using green-fruit stage explants

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

otherwigse kept.under conditions identical to those for tissue
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Figure 6:

Examples of the variation in vegetative organoéenesis
on the ®pidermal explant cultures. a) a B4d-B explant
with vegetative buds (1.7x). b) a‘'Bd-B explant with
small vegetative shoots (0.85x). <¢) a Bd-M explant
with vigorous vegetative shoot production (0.75x).

d) a Bd-SF explant with a vegetative plantlet (0.65x).

=3

Figure 7: /Egémples of the types of abnormal organogenetic

v

e

structures observed on the epidermal explant cultures.
a) a GF=M ékplant with an albino leaf (0.9x). b) a
F1-B gxplantﬁhith a peltate leaf (1.3x). c) a Fl-F
expldnt with a fasciated production of floral buds
(1.6x%).
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culture (27°C, 24 hours light). Only cultures showing well !
developed vegetative shoots with adventitious r;;ts were
transplanted. The results, which are tabulated in Table 7,
indicate that there were no apparent qualitative differences-
between vegetative shoots of the five explant regions w#th N
respect to floral potential; that is, there was no gradient e
effect evidenced by the vegetative shoots. The shoots from all
explant regions produced about 37 total nodes of growth, with 1
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 onto agar medium to green-fruit development of the
transplanted shoot was the same, 2.5 to 3 months, as from seed to
green-£fruit) . The transplant shoots, upon maturity, were
proportionally smaller and with less developed inflorescences
than seed-grown plants, but otherwise were morphologically very
similar to seed-grown plants.

“ Similar to the definit}on of floral shoo?, all structures .
with vegetative apices were defined as vegetative shoots,. and
variations in size and development were not distinguished, with
the following' exception: all vegetative shoots with fewer
internodes than approximately the average observed for floral
shoots on that explaht type were discounted. That is, only
vegetative shoots in which internode development exceeded that

éxpected for floral shoots on that explant 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 explants
excised from green-fruit stage Nicotiana plants.

Explant No. of shoot Total Nodes Floral Nodes

Type f: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 1
M 7 40 36-44 2.4 0-3
B 2 36 33-38 2.0 2
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as vegetative shoots those which were éﬁtually determined to
become floral shoots.

Besides wvariation in size and degree of development, there
were also some abnormal struc?ures in the vegetative organo-
genesis on the epidermal explants. These abnormalities were
relatively infrequent, occurring in less than 5% of the cultures,
and were apparently not related to the floral gradient in
Nicotiana. The abnormal structures included an albino leaf,
which occurred only once among the 1100 organogenetic explants
analyzed, and more frequently, peltate leaves and fasciation of
the explant (Figure 7). Unless a structure could be confidently

identified as a vegetative shoot, such abnormal structures were

not included in the gradient analysis.

b) Numerical analysis: alternatives in guantification

There were several possible methods by which to quantify

the gradient of in vitro floral expression in Nicotiana tabacum

L. In two gradient analysis experiments, three methods for
quantifying the data were evaluated in order to select the most
appropriate for subsequent analysis. These methods were as

¥

‘¢

follows: : . *
1) the percentage of floral shoots per explant, averaged per set
of experimental replicates: This method involved careful

microdissection of each explant in order to count all

5
, vegetative and floral shoots and assess the number of nodes

v bl



per floral shoot. The percentage of floral shoots was
calculated for each.explant an& then averaged per set of
experimental replicates.

2) the percentage of floral shoots per get of ekperimental

replicates: " This method involved the same microdissection

analysis for each explant as described above, but the total

number of floral and vegetative shoots were calculated per
set of experimental replicates, and the percentages then
calculated from the total figdres.

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

66

simplest of the three since less precise microdissection was

required. The number of explants showing any floral organo-

genesis was ascertained, and the percentage calculated with

respect to the total number of analysed explants. While this

method was both the most accurate and precige. {since there was

less chance of microdissection error) this method of
. N g
qgquantification did not distinguish between

|

or a hundred-floral shoots.

As detailédd in Table 8, Method 3 proveé}po be the best

explants with one

indicator of the floral gradient. &his was quite fortunate since

[

Method 3, besides being the most precise and accurate

quantitative approach, was also much less time consuming than

Methods 1 and 2. The first two methods, which were based on .the

e
actual proportion of floral and vegetative shoots, ggve results

1

siﬁilar to each other. Both showed about a 10% difference in
floral response between floral-branch and sub-floral stem

v
!
h
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explants, whereas Method 3, based on the .proportion of/3§§§3nts

'y

showing floral organogenesis, showed a 30% difference between the

same two explant regions. Therefore, both for technical and data

?

énalysii reasons, Method'3 was chosen for subsequent analysis.
Anotﬁer quag;iqative approach to analysis of the floral

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

was the determination of the average number of nodes per floral

@ 4 . .
shoot for the various explant types. 1In early experiments, this

approach did notﬂyield any clear evidence coné¢erning the floral
¢ C \

gradient (Tabie 8). There was no overall decréase in the number
of nodes per floral shoot in explant regions fro& base to apex of
the tobacco plaq@. In fact, the explant region with the least
nodes per floral shoot was the floral stem region, not the
floral-branch region as expected. Furthermore, theré was great
variation in the number of no%gs per floral shoot even within
g}ngle“explapts. This variation exceeded the observed differences
in average node number between explant regions. In other words,
uon‘the basis of, these first gradient analysis experiments, there
was no significant correlation between node number per floral

shoot and the in vitro expression of a floral gradient in

Nicotiana tabacum L. However, certain correlations between node

number and floral gradient expression were revealed in subsequent
experimentation which included analysis of all organogenetic )

crigins involved in the epidermal explant system. These

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



Table 8: Comparison of Methods of Quantification of the Gradient of In Vitro Floral
Expression in Nicotiana tabacum L.

~

Explant |Number of | % Floral Shoots % Floral |Nodes/floral shoot
Experiment | Type explants — Explants
analysed Avg./explant % of total Average Range
C:: 7 GF-FB 18 45 57 89 3.0 1 -8
GF-F 4 ' 28 36 . 15 2.7 1 -4
GF-SF 5" " 19 33 60 6.3 3 -8
GF-M 7 0 0 o] -
GF-B 8 33 42 25 3.3 1 -6
9 GP~FB 1 37 26 - 70 4.2 1-9
GP-F 15 44 34 67 2.9 1 -6
GF-SF 5 40 37 40 6.0 3 -9
Average | GF-FB 41 42 80 3.6
GP-F 36 35 71 2.8
GF-SF 30 35 " 50 6.2
. =

*

89
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c) Origin analysis

Eqriy expé;imentation had revealed that organogenesis
griginateétin se@eral ways on the cultured epidermal explants.
Tran Thanh Vaﬁ had reported only one organogenetic origin, namely
the sub-epidermal cell layer of the explants (1973, 1974).
Careful analysis of later experiments in the rese?rch for this
thesis revealed sik org;nogenetic origins which could be |
separately classified. These organogeneti¢c origins were:

1) the epidermal surface: organogenesis appeared to
originate directly at the epidermal surface of the explant.

2) the cortical surface: organogenesis appeared to
ori&ﬁnate directly at the cortical surface of the explant.

3) polar swelling: organogenes{s originated from a basal
swelling of the explant tissue.

4) polar outgrowth: organogenesis originated from de novo,

nodule~like, basal outgrowths. } .

I - o

5) polar callus: organogenesis originated from de novo

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

%]

explaht.

6) non-polar callus: organogenesis originated from de
/. .
novo, non-polar masses of non-differentiated cells on the explan

The two most common organogenetic¢ origins in the epidermal
explant system were the epidermal surface and polar callus,
respectively rated as first and second in frequencies of

v

occurrence (Table 9). 65% of all explants showed some epidermally

.
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Organogenetic Origins
N 0]
. o
o)
8D T ~ o 5 d
Numerical L8| B8 88 5 B g
umerica - ] ]
Analysis .83 %3 33 ?is': ,3{1‘ ‘5‘, %f—’c ?*.3
. . 5 0 .o M 4N - 0o 4 —~ oo
Q oo o3 03 03 ol od
zZ 0O el V] Own [Tl /p} O a0 =z 0
% explants 301 65 23 3 10 ‘54 3
% organogenetic o
structures 476 41 14 2 7 34 2
Numerical ’
Rating N 1 3 5 4 2 5

Table 9: Overall Frequencies of Organogenetic Origins.

Numbers represent the percentages of all explants
showing each organogenetic origin and percentages
of all organogenetic structures from each origin,
as well 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 all

" observed organogenesiél .The third most frequent organogenetic

origin was the cortical surface of the explant, followed, 1in

order of organogenetic importance, by polar outgrowths,'

swellings, and-non-polar callus.

The data for organogenetic origins were related both to
explant typé (Table 10) and to the type of organogenesis (Table
11) . There was no apparent correlation between either the
developmentai stage of the donor plant from which the explants
were excised or the explant excision region and the frequencies
of the various organogenetic -origins. For each~explant type, the
three most common o:ganogeneéic origins were the epidermal

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

order. The apparernt indication of a relationship between explant

excision region and the frequency of the organogenetic origins in

Table 10 was simply a consgquence of the higher organogenetic

cépacities of floral branch, floral stem, and sub-floral stem hd
explants, as previously reported (Systém Analysis: Organogenetic
Response) . .

There were correlations, however, betwe;n the type of
organogenesis and the type of organogenetic origin, as seen in
Table 11. Roots arose almost uniquely from callus origin, with
more than 93% of all root organogenesis originating in callus.
Floral shoots arose mainly from epidermal and polar callus

¢ o ,

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

I

e e mr e —— I - o
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Table 10: Frequencies of Ofganogenetic Origins in
Relation to Explant Type. Numbers represent
percentages of explants showing each
organogenetic origin.

Organogenetic Origin

— ] N

gm D 0 & 5 A
Explant o 00 . o 0 oo
Type S8 PS8 B BB ORBE T3

- N M & ~o 34 4 gqg

&5 85 o A S Mmoo Z0
GF-FB 92 12 0 0 100 0 )
GF=-F 79 7 0 24 12 4
GF=-SF 77 27 0 4 43 5
GPF-M 21° 53 15 21 32 0
GF-B 8 33 0 0 42 33
F1-FB 70 9 0 0 57 4 .
Fl-F 64 20 0 36 40 o
Fl1-SF 67 21 0 12 54 o
Fl-M 44 44 0 ©11 11 o
F1-B 38 25 50 0 0 0
Bd-SF 100 22 0 0 91 0
Bd~-M 38 15 0 15 62 o
Bd-B 80 5 o 0 50 0
GF avg. 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 (o) 0 18 2
P avg. 71 14 0 30 56 4
SF avg.] 8 23 0 5 63 2
M avg. 34 57 5 16 35 0
B avg. 42 21 17 0 31 11




By
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Organogenetic Origin
r - w0 s o
Type of fo 8o g 3 @ Su
Organogenesis | g pw 44 ., d &34  vA
a8 B85 33 95 9@ 873
&éa on Ay 2 A0 A O =z 0
Floral - 55 7 2 6 29 .
Vegetative 32 22 2 5 3" 3
Root 0 2 3 3 90 3
Table 11: Relationship Between Types of Organogenesis

and Origins. Numbers represent the
percentage of each type of organogenesis
arising from each organogenetic origin.

73
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organogenesis. Therewere three significant érigins for
veget;tivé shoots, éne epidermal and cortical surfaces ang polar
callus, which together accounted for 89% 5& all vegetative
organogenesis. -

A more detailed analysis o; organogenesis in rel&éion to
explant type (developmental stage and excision region) and
organogenetic origin is given in Table 12. When the organo-
genetic response data were subdivided by origin, certain organo-
genetic trends became apparent.

In organogenesis originating at the epidermal surface, the
gradiené 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 12# for full
bloom stagenexplants, and 83% to 15% for floral bud étage
explants. The f}oral gradient was less ;pparent for the polar
callus organogenétic origin, and absent for the cortical surface
origin. A similar trend between origin types was evidenced by
the node analysis. 1In epidermal sufface organogenesis, it was
apparen£ that the average number of nodes per floral shoot
increased from the apical to basal explant regions for both green
fruit andlfloral bloom stage explants (though this 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 origin is further emphasized by Figure 8.. Figure 8 (top)

¥ s
?



Organogenetic Origins . overall
Epidermal Surface Cortical Surface Polar Callus
Explant |48 wde 8 ® | 3L EE*’ £ a |38 Erég g a |38 & a
Type 38-§§,§ 06 © 83 '8,9.§ e © 38-333 3}38 0 859 38 S
3 gﬁ Z 0 gﬁ ~ Eﬁ 2y U3 gﬁ ~ 25 zmm>5 m gﬁ >§ 3
GF-¥B | 92 2.2 28 O 12 ? .4 O 96 ~7 32 68 94 41 62
GF=-F 79 2.6 41 0 0 - 3 0] 72 6.7 38 55 100 79 62
GF-SF | 65 5.3 30 O 5. 12.8 27 O 18 9.3 36 33 81. 174 36
CP=-M 3 6.0 21 (o] 9 ~5 5% 0 12 7.0 32 12 38 100 15
GF-B 0 oo 8 O 0 - 33 0 8 ~12 33 0 8 92 0
avg:
SF,M,B| 23 5.6 20 O 14 38 O 13 9.4 34 15 42 89 17
GF-alli 48 4.0 26 O 5 14 24 O 41 8.4 34 34 64 17 35
F1-PB | 70 2.7 0O o 9 6.0 0O © 48 5,2 17 30 96 29 4%
Fl-F 64 2.6 0O 0 12 5.3 16 O 28 6.0 28 40 g6 59 56
P1l-SP 46 3.3 38 0 4 -~ 21 0 29 6.8 25 40 79 62 41
Fl-M 22 ~7 22 0 11 ~8 44 20 11 ~7 0 0 ['38 8t 25
Fl-B 12 5.0 25 0 0 - 25 0 0 - 0 O t 25 100 25
avg:
SP,M,B| 27 5.1 28 0 5 1.5 30 T 13 6.9 8 13 47 81 30
Fl-all| 43 4.1 17 O 7 6.6 21 0 23 6.2 14 22 67 66 38
Bd-SF | 83 5.2 65 O 9 9.0 17 O 43 8.3 70 178 91 91 78
| Bd-M 23 10.3 15 O 8 2 15 O 46 11.7 15 8 77 46 8
Bd-B 15 8.2 1715 O 5 10+ 5 0 15 8+ 40 15 33 95 14
avg. 40 7.9 52 0 7 9.5 12 0 35 9.3 42 34 67 7 33

2

Table 12: PFrequencies of Organogenesis: overall and Bub-divided with respect to
origin. Numbers refer to percentage of, total explants analysed.

T
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numberof internodes N

Floral Shoots of Epidermal Origih

1

observations
~»

2 4 ¢ s 10 12 “ [N i) 20
number of internocdes

Floral Shoots of Polar Callus Origin

1
i

Figure - 8z~ Frequency distribution of internodes per
floral shoot. The data represent observed
internodes per 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 10, as cited in

Appendix 1) .:
GF~3Fe-~-~- . H-SFr——x B+ —
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graphically demonstrates the existence of a physiological
relationship between node number per flo;gl shoot and orgaﬁo-
genesis of epidermal origin, as seen by the roughly bell-shaped
distribution of nodes (or internodes) for each explant type.
This relationship was not evident in floral shoots of polar
callus origin, wh}ch showed a scatter in theirr distribution of
nodes per floral shoot (Figure 8, bottom). *

Thus, this approach through origin analysis indicated that

the'gradient of in vitro. floral response in Nicotiana tabacum was

—n

most clearly expressed in organogenesis arising at the epidermal
surfacé, and that this gradient was weaker or absent in organo-

genesis from other origins on the explant. >

Yo

The analysis shown in Table 12 did not reveal any
particular trend for vegetative organogenesis, but for root
&
organogenesis 1t verified previous analyses and observations that

roots arose mainly from callus tissue.

[

-~

B!
d) Final gradient analysis and summary

The analysis in Table 12 simply established the freguency
of each typerbf organogenesis per organogenetic origin. It did
not take into account the frequency of each origin. For a
complete analysis, a correlation 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 expl@nts showing
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organogenesis from that origin (i.e. Table 13 relates the

information in Tables 9 and 12). The mathematical relationship

“

is as follows:

A

number of explants with type X organogenesis of'.type Y origin

number of explants with any organogenesis from type Y origin

- multiplied 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 epidermally originating
organogenesis which showed floral organogenesis of epidermal
origin was determined formeach explant type.

The analysis in Table 13 clearly established several organo-

genetic trends in the epidermal explant system.

#Ta

~Gr“adient of In Vitro Floral Expression: Every experiment

- ¢

in thg epidermal explant research confirmed the existence of a
gradient of in vitro floral expression. This floral gfadient was
manifested in two ways: 1) by an increasing incfﬁence of floral
organogenesis on the epidermal explants with increased proximity
of the explant excision locus to the floral apex of the donor
tobacco plant and 2) by a concomitant decrease in the average
ﬁumber of nodes per de novo floral shoot (though the latter form
of.floial gradient manifestation was only evident in organo-
genesis. of epidermal surface origin). Specifically then, as seen
in Table 13, there was an increase in floral organogenesis from

basal, through middle, sub-floral, and floral stem explants to

is



o &

% Organogenetic Response Per Organogenetic Origin
Explant Epidermal Origin Cortical Origin ~Polar Callus Origin
— N
Type Floral Veg. Root Nodes |Floral Veg. Root- Nodes [Floral Veg. Root Nodes
GF-FB 100 30 0 2.2 100 33 0 - 96 52 68 7
GF-F 100 52 °Q 2.6 (¢} 50 0 - 100 52 76 6.7
GF~-SF 82 . 40 0 5.3 20 100 0 12.8 42 R 83 75 9.3
GF~M . 14 100 0 6.0 17 100 0 15 36 100 36 7.0
GF-B (0)* (1oQ)* o - 0 100 o0 - 20 80 0 12
F1-FB 100 0 6] 2.7 100 o (0] 6.0 85 31 54 5.2
Fl-F 100 0 0 2.6 60 80 0 5.3 70 70 100 6.0
FP1-SF 69 56 0 3.3 20 100 0 7 54 46 71 6.8
.F1-M 50 - 50 0] 7 25 ° 100 50 .8 - - - 7
Fl-B 33 67 0 5.0 0] 100 0 - - -~ - -
* Bd-SF 83 65 0 5.2 40 80 0 9.0 59 76 86 8.3
Bd-M 60- * 40 0O 10.3 50 100 o) - 75 25 12 11.7
Bd-B 19 94 0 8.2 - - - 10+ 30 80 30 8+
‘Pable 13: Cormelation.Between Organogenetic Response ‘Types and Origins.

Numbers represent the percentage - of explants with a particular
origin that showed a particular type of organogenesis from that
origin, except for the node data which represents the average

node number per floral shoot. Blanks represent situations in

which there were insuffient data for analysis. :
#Data based on only one observation in this analysis, but confirmed
by other experiments and analyses.

H
1
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floral branch explants, respeétively reprefenting increased
proximity to the floral apex of thejtobacio plant.
< This floral gradient was most strongly expressed in organo-

geneJis of epidermal origin. However, in |both the green fruit

)
3

and full bloom stages, the floral stem explahts showed as high
floral response (100%, in fact) as floral branch egplants.
Therefore, in terms of f£loral shoot frequency, thecfloralr

gradient was fully expressed in(explang regions £from éﬁe Jain

-

3l
axis of the flowering tobacco plant, with |a minimum floral

!
response in basal stem explants to a maximum in floral stem
explants. While -the whole gradient analysis ekperiment LT

(Experiment 10 as cited in Appendix 1) was not successfully.

@

repeated due to high necrosis and lack of gg_ﬁbvo growth

(Experiments 14 and 15 in Appendix 1), the| observation of maximum

-

floral response ié:;?éanogenesis of epidermal origin of floral °

o

stem explants was reproduced in a small ex erimeﬁt using floral

33 v

branch,- floral stem, and subfflorél stem:e plants from ogreen
fruit stage tébacco plants (Experiment 12, Appendii 1). In both
' 4 3 Q

experiments the floral response in epidermally priginating

r
o

organogenesis was 100% for both floral branvhcand floral stem

#
o

a
3 o

explants.

e

However, in both experiments the average internode number
per floral shoot was higher in floral stem explants than in x
floral branch explants. Thus using both 'floral organcééhetic

frequency% and 'average node number per florpl shoot' criteria,
03

~Q

the floral gra&ient was indeed more strongly |expressed In floral’

- ! 5
] ‘e v ‘o
- L N
. 3
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brancdf explants }han in floral stem explants ,(i.e. the maximum
expression of an in vitro floral potential was only observed iﬁ
flomgl branch explants).

n organogenesis of polar callus and cortical surface
origins, there was a general trend of increasing floral response
from basal to floral branch explants in the green fruit and full
bloom stages, but no gradient effect evident in the average node
number per floral shoot. Thus, in these origins, the floral
gradient was less expressed than in epidermally originating
organogenesis. . . -

2ll three developmental\stages of tobacco plant (green
fruit, full :-bloom and floral bud) showed a high potential for
floral organogenesis as well as an in vitro gradient of floral
expression. These observations were reproduced 1n experiments .
throughout this }esea;ch, though precise quantification was not

calways obtained. The floral gradient was most clearly defined
in organogenesis of epidermal origin for,;ll three developmental
stages. The earlier stages, full bloom and floral bud, showed
greater potential for floral grganogenesis in the middle and
basal stem explant regions than d4did theagreen fruit stage, in
organogenesis of epidermal origin (and possibly of polar callus
origin too). As seen in Table 13, tﬁe'earlier stages averaged
40% floral response for the middle gnd basal regions, compared
to 7% gbr the green fruit stage. This observation was also .

confirmed by several experiments.

In other words, the floral gradiegt was most clearly

’
@

B Li,
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expressed in'the green-fruit stage (the gradient in response

" ranging from 0% to 100% floral response), less in the full blo&m

stage (33% to 100%), and least in the floral bud stage (19% to “
B83%).

In suTmary, the strongest expression of a floral gradiens
occurred in organogenesis of epidermal surface origin on explants

from green-fruit stage Nicotiana tabacum L.

Organogenetic Trends in Vegetative and Root Qrganogenesis:

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 apigcal to basal explant ' :
regions in organogenesis of epidermal and cortical origins (on
the average, vegetative organogenesis increased 76% from the
florél branch region to the basal explant region). There was no
clear trend expressed in vegetative organogenesis of polaf callus
origin, however.

Root organogenesis, only originating ip polar callus,
generally showed a higher response rate in floral branch, floral
stem and sub-floral stem explants than in middle and basal stem
explants (76% versus 20%).

There was no apparent re%ifionship between the
developmental stage of the donor plant and 6egetative or root

organogenesis.
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2, Leaf Disk Explants )

i. Descyiption of the-experimental system : .

»

The leaf disk systém'consisted of 12.7 mm leaf disks

-

excised from mature leaves of Nicotiana tabacum L. cv. Wisc. 38.
e
The disks were cultured on modified Murashige and Skoog medium

at 27°C in continuous light; as described in Materials and
Methods. On appropriate media, this s?stem produced 100% yield
and an homogeneity in organogenetic response of 100%. The
response was both rapid and Yigorous. Organogenésis was well
developed in 19 to 26 days. Morxeover, the system gave an
extremely high propagyation potential, as evidenced by the
hundreds of shoots formed per explant on appropriate medium.

No evidence for polarity in the development of de novo

growth on the leaf disk was ever detected in this system.

ii. Hormone manipulation studies

rs

Hormone manipulation‘%ﬁgﬂies were performed in view of two
main objectives: 1) testing .the organogenetic response of
tobacco leaf disks to an array of different IAA and kinetin X
concentrations, and 2) obtaining vigorous callus cultures from

leaf disks. The results are reported in detail below.
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concentrations

The culture response of leaf disks to thirty-six different
combinations of IAA and kinetin were tested, in which each
hormone ranged in concentration from lO—8 molar to 10-3 molar,
with 18 replicates per treatment. Explants were only excised
from leaves of the middle portion of green-fruit stage tobacco
piants,-in order to minimize physiological variation in‘the
tissue. Specifically, leaves 13 to 18 were used from plants

»

averaging a total of 34 podes each. All the results represent

\
“

four weeks of culture time,

. The results from this experiment indicated that the absolute
concéntration of kinetin was the most important factor regulating
organogenesis in the leaf disk system. Therefore, the results
reported here have been grouped according to their kinetin *

concentration. The results are described .in detail below and are

summarizedron page 106 and in Table 14.
> -8 . R
10 M kinetin cultures

The main characteristic of the 10"8 molar kinetin cultures
(Figure 9) was small peripheral tufts of brownish, friable |,
callus; 2 to 4 tufts per leaf disk. The tufts were always
associated with the cut ends of wvascular bundles at the disk
perié?ery. The leaf disks were pale green or partly chlorosed,

except for tissue adjacent to vascular bundles, which was

[ o em——— - B e - - . .' . l
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genérally deep green. The disks were usually slightly convoluted

and eﬁlarged apprgximately 50% in diameter. The only type of

organogenesis observed in the 10_8 M kinetin series was that of

root formation, which occurred at the highest auxin concentra-

tions (102 ana 10°%

"3 M IAA induced root organogenesis in 60% of the

cultures; 10~ % M IaA in 20%.

M IAA) in correlation with the amount of

auxin. 10

The roots were long, fibrous, and

conmpletely covered in root hairs.

Specific descriptions of the morphogenetic response to the

- “
various 10 8 M kinetin media are as follows:

1078 M 1aa / 1078 M kinetin: 100% of the explants produced

small, peripheral tufts of callus, associated with the vascular

bundles. The leaf disks were slightly chlorosed and convoluted,

gﬁd'enlarged about 50% in diameter. (Figure 9a)

1077 M IAA / 10“? M kinetin:

6% (one explant) of the

explants showed no apparent meristematic activity; the rest

produced small peripheral tufts of callus, as described above. ° ;

(Figure 9b)

-6 8 )

10°° M IAA / 10 ° M kinetin: 100% of the explants produced ;

small, peripheral tufts of callus, as described above. (Figure

H .
9C) :
-5 8 ‘

1077 M 1A 7/ 107% M kinetin: 100% callus tufts, as above. §

(Figure 9d)

10”4

small, peripheral tufts of callus; 20% also produced roots.

Otherwise, as described above. (Figure 9e)

l

M IAA / 1070 M kinetin: 100% of the explants produced  * ° '

LB st T
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Figure 9:

Tty

-~ .

Tobacco leaf disks cultured for four weeks on medium

containing 1078

tions of IAA.

a) 107 M 1aa (3.4%) b) 1077 M TAA (3.4%)

©) 107° M 1aA (3.4x)  4) 107° M TAA (3.4x) -
4

e) 107" M IaA (1.7x) e) 10~ M IAA (1.2x)

molar kinetin and various concentra-
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10°° M am / 10”8 M kinetin: 40% of the explants on this

medium produced small, peripheral tufts of callus, whereas the
'

femaining 60% produced roots. There were no efblants producing

both callus and roots. The leaf disks were enlgrged about 50%

in diameter, but showed no convolution. The disks were slightly

chlorosed; less so in those explants with roots.’ (Figure 9£f)

lO-_7 M kinetin cultures '

:The main characteristic of the 10_7 molar kinetin cultures
(Figure 10) , as in the previous culture series, was small,
peripheral tufts of callus occurring at the cut ends of vascular
bundles. The one exception to this was the lO—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 also slightly conveluted and enlaréed about 50% in
diameter.

As in the previous two series, the only type of organo-
genesis observed in fhese cultures was root formation, which conly
occurred at the highest auxin concentrations in correlation with

the amount of auxin. lO—3 M IAA induced root organogenesis in

50% of the explants; 107% M TAA 1n 10%. The roots were long,
fibrous, and covered in root hairs.

Specrfic descriptions of the morphogenetic response on each

medium are as follows:

T o e RAPEETEA
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Figure 10:

A

Tobacco leaf disks cultured for four weeks on medium

A -7 . . .
containing 10 molar kinetin and various concentra-

tions of IAA.

a) 10”8 M 1aA (4.5x) b) 107

c) 10”8 M 1aA (3.7x) 4) 10~

e) 1074 M 122 (1.4x) £) 10°

7
5
3

M IAA (4.5x)
M IAA (3.4%)
M IAA (2.0x)
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10°° M IAA / 10" ' M kinetin: 100% of the explants produced

small peripheral tufts of callus (2 to 4 per explant). The disks
were slightly chlorosed and convoluted, and enlarged about 20% in.
diameter. (Figure l0a)

10”7 M 1aA / 1077 M kinetin: 6% (one explant) of the

explants on this medium showed no apparent meristematic activity,
90% produced small, peripheral tufts of callus, as described
above. (Figure 10b)

lO.6 M IAA / 10“7 M kinetin: 100% of the explants produced

from a few to many small peripheral tufts of callus. 6% (one
explant) also produced roots. The leaf disks were slightly
convoluted and chlorosed, and enlarged about 50% in diameter.
(Figure 10c)

10™° M IAA / 107’ M kinetin: 100% of the explants on this

medium develoéga>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% enlarged in

diameter. (Figure 10d)

4 7

107" M IAA / 10" ' M kinetin: 100% of the explants produced

tufts of callus along the disk peripheries. 10% also developed

roots. Otherwise, as above. (Figure l0e)

3 7

107" M IAA / 10 " M kinetin: 100% of the explants produced

peripheral tufts of callus, with 50% also producing roots.

Otherwise, as above. (Figure 10f)
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]) 10"% M kinetin cultures

ThHe 1078 molar kinetin culture series (Figure 11) was the
least consistent in growth response, though to varying degrees

all the cultures did produce callus tissue. The highest alixin

7 concentration (10—3 M IAaA) induced root production in 30% of the

> o 1078 M 1aR) “

- - erlants. Lower auxin concentrations (10~
induced vegetative shoot organogenesis to varying degrees, the
amount inversely proportional to the auxin concentration. Mos£
of the vegetative organogenesis was callused in appearancé, with
the exception of the ].0“6 M IAA cultures, which produced well
defineé'shoots. *An unexpected finding was”the production of
roots at the lowest auxin concentration (10 ° M IAA); however,
the origin of these roots was difficult to ascertain and may have
been adventitious. Other than this, ‘roots were only observed in
lo-'3 and lO—4 M IAA cultures, regardless of kinetin:concentration.
The leaf disks were usually partially chlorosed, slightly
convoluted, “and enlarged in diameter (8% to 75%).

Specific deécriptions are as follows: i

10°% M 1an / 107% M kinetin: 6% (one explant) of the é

explants on this medium were necrosed after four weeks in

culture; all the rest produced some callus tissue. 50% of the

PrVErr R

viable explants produced only nodule-like callus
tufts, while the rest also produced some organogenetic
structures (i.e. shoots and/or roots). Of the explants showing

(_ organogenesis, approximately half produced only shoots, and half
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both shoots and roots. All the shoots were indistinct in
morphc;lqu. with thick fleshy leaves (the tissue hadna callus-
like quality, being somewﬁat friable, and lacking a smooth
surface). ’ The leaf disks were partly chlprosed, slightly
convoluted in shape, and about 20% enlarged in diameter.
(Figure lla)

1077 M IAA / 10~

U Yy

6 M kinetin: 70% of the’e;:plants on this

'y .

medium produced somewhat nodule-like callus tufts. The

»

-_—l0
tufts were green, but had a brownish, slightly necrosed

surface. 30% of the explants also produced some peripheral

vegatative shoots that were slightly callused -and fleshy in form.

The leaf disks were partially chlorosed, and very slightly

convoluted and enlarged in diameter (about an 8% increase in disk

diameter). (Figure 1llb)

-6 6

100° M 1AA / 10

small tufts of cal:lus along the disk peripheﬁries. 20% produced.‘
one or two vegetative shoots per explant. These shoots
originated in the callus and were well developed, 0.5 to 1.0 cnm
in height, and had 6 to 1l nodes of growth. The leaf disks were
slightly convoluted and about 30% enlarged in diameter. (Figure
1llc)

=5

10° M Ian / 107% 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 single leaf, in some

cases) originating in callus. The vegetative organogenesis was

M kinetin: 100% of the ®&xplants produced .
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Figure 11: Tobacco leaf disks cultured for four weeks on medium

of
a)
b)
e)

o

1

a3

TAA.
1078 M 1aA (1.3%)
107% M 1an (2.0%)
1074 M 122 (4.0%)

T T e

b) 10~
d) 10~
£) 10

I

7
5
3

=

M IAA (3.4x)
M IaA (3.1x)
M IAA (2.4%)

containing 10_6 M kinetin and various concentrations
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very callus-like in appearance. The leaf disks were convoluted

and enlarged in diamete 59 about 75%. (Figure 114d)

1074 M 1AM / 10 ] M kinetin: 100% of the explants produced
A}

the typical peripheral\gufts of callus. There was no
differentiated growth on this medium. Thqﬁ}eaf disks were
somewhat enlarged (about a 30% increase in diameter), slightly
chlorosed, and convoluted in shape. (Figure 1lle)

3 6

10" M IAA / 10 ° M kinetin: 100% of the explants on this

medium produced callus growth in form of small peripheral tufts
\

growing in association with vascular bundles. 30% also produced

long, fibrous roots. The leaf disks were slightly chlorosed,

convoluted, and about 50% enlarged in diameter. (Figure 11f)

e

10—5 M kinetin cultures

The 10-5 molar kihetin cultures (Figure 12) produced the
densest, most vigorous shoot organogenesis, the best response
occurring at 10™° M IAA. With all the IAA concentrations except
].0'-3 M, the response was the production of hundreds of vegetative
shoots per explant. Most of these shoots were only a few
millimeters in height, and consisted of only a few nodes (less
than 10 leaves visible by eye) of growth. On each explant,
however, there were ten to twenty shoots which were much larger
than the rest. The larger shoots ranged 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 from 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 leaf disks were deep green and greatly

convoluted. - Though the disks were obviously enlarged in

diameter, the extent of enlargement could not be assessed due to

the density of shoot growth.

Specific descriptions of the 10_5 M kinetin cultures follow

below:

108 M 1an / 107° M kinetin:

100% of the explants produced
a dense mass of vegetative shoots {(hundreds of shoots per

explant). The largest shoots were about 2 cm long and exceeded

15 nodes. All the vegetative shoots were well developed and

distinct in form (no callus-like quality). Some callus was

evident in the compacted interior of each culture's mass of de

novo growth. - The vegetative growth completely filled several

centimeters of each culture tube. WNodules bearing shoots were

J
evident. The leaf disks were deep green, convoluted, and

enlarged in diameter. (Figure 1l2a)

10"7 M IAA / 107> M kinetin: As above. (Figure 12b) :

10-8

M IAA / 10-5 M kinetin: 100% of the explants produced

dense vegetative growth, as described above, é}cept that muén of

the growth was callused in appearance. In general, the smaller '

shootg were not clearly defined in form: leaves were often thick

and friable, and shoot apices were indistinct from callus-like

growth. Much actual callus tissue was present on each explant.

However, there were'éeveral larger shoots (e.g. 1 cm high with
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Figure 12:
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Tobacco leaf disks cultured for four weeks on medium

containing 10

-5

tions of IAA.

a)
c)
d)
e)
£)

g)

10

-8

M

10-6 M
10-6 M
10-5 M
10-54M

10

-4

M

IAA (1.5x) b) 10~/ M IAA (1.3x)

IAA, side view (l.6x)
IAA, top view (l.2x) -
IAA, side view (1.9x)

IAA, top view (l.7x)

IAA (1.2x) h) 107> M IAA (1.9%)

’
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leaves up to 2 cm long) that were clearly defined in form; that
is, did not have a callus-like quality. Organogenetic origins

were obscured by the density of growth. (Figures 12c¢,qd)

=3 > M kinetin: 100% of these explants were

107° M IAA / 10~

covered in a profusion of young shoots and shoot apices. This
medium produced the densest, most vigorous growth 6f all the
media tested. The growth per explant fully occupied two to three
centimeters of culture tube space. Several hundred shoots were
present per explant. 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 some of

ivegetative organogenesis. The leaf disks were deep green and
very convoluted in shape. (Figure 1l2e,f)

4 )

100" M IAA / 10 ° M kinetin: 100% of the explants showed

dense vegetative organogenesis with hundreds of shoots per
explant. Some callus growth was evident and much of the organo-
genesis had a callus like-quality, though well defined, normal

] shoots were evident. The largest shoots were 1 to 2 centimeters
tall. Nodules were also evident, though callus-like in

appearance. The leaf disks were deep green and convoluted.

(Figure l2qg)

3

1073 M 1an s 1073

M kinetin: 100% of the explants produced

a thick peripheral ring of callus. The callus was green, large-
celled and friable. The leaf disks themselves were deep green,
very convoluted, and about 75% enlarged in diameter. 60% of the

( . explants showed differentiated growth, either vegetative shoots
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or roots. No explant developed both shoots and roots. 50% of

the explants produced shoots, while 10% produced roots. Both

forms of organogenesis were well defined and several centimeters

in length. (Figure 12h)

10-.4 M kinetin cultures

The organogenetic response in the 10"4 molar kinetin

cultures (Figure 13) consisted mainly of green nodules and small

shoots lining the explant edge. These small shoots were termed

'microshoots' for this thesis, in order to emphasize their small

size (less than 5 mm) and uniform lack of development beyond a

few leaves. New shoot aé%hes were continuously being produced on

the nodules. However, if the cultures were maintained longer

than the regular 4 week culture period, the number of microshoots

greatly increased, but none developed further than a few nodes or

exceeded 5 mm in height.

Nodules occurred on the explant periphery and on the bottom

surface (abaxial 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 explant. The

nodules were of two general types: smooth, green, translucent

nodules and whitish-green, opaque nodules usually with epidermal

hairs (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

Wove b -
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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

nédules, as well 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

107>

M IAA cultures. The increase in disk diameter ranged;from
40% to 70%.
All the leaf:.disks became convoluted in culture. Generally

the greatest amount of organogenesis occurred along those

portions of the explant edge which were lifted away from the.agar

by convolution of the leaf disk. All 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 increaéinq concentrations
of IAA.

Detailed descriptions of the morphogenesis occurring on
each medium in this culture series are as follows:

10°% M 188 / 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 13a)

i Eann e o
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lO-7 M IAA / lO_4 M kinetin: 100% of the explants on this

hedium showed peripheral propagation nodules, shoot apices and
microshoots. There were about 100 to 150 nodules per explant,
and about 25 to 50 microshoots and shoot apices. The leaf disks
were deep green with yellowish patches, convoluted, and about 40%
enlarged in diameter. (Figure 13b)

10-6 M IAA / 10—4 M kinetin: 100%.of the explants were

peripherally lined with propagation nodules. A few of these bore
microshoots and shoot apices. The number of nodules per explant
ranged from 100 to 150, 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) ‘ .

5 4

10°° M IAA / 10 " M kinetin: ., 100% of the explants showed a

profusion of propagation nodules, young vegetative shoots
(microshoots) and shoot apices along the explant edge. There was
a 60% to 70% increase in disk diameter, and all the disks were

convoluted. The explants averaged 50 to 70 readily visible

shoots per explant, and an estimated 100 to 200 propagation Q}

nodules. Thus, there was at least a 2:1 nodule to shoot ratio.

(Figure 13d)

lO_'4 M IAA / lO-'4 M kinetin: 100% of the explants had

propagation nodules, shoot apices and microshoots lining the
explant edge, the largest microshoot a few millimeters high.
The explants were deep green, convoluted, and 50% to 60% enlarged

in diameter. (Figure 1l3e)
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Figure 13:

Tobacco leaf disks cultured for.four weeks on medium

containing 10

tions of IAA.

a) 10-'8 M IAA

c) 10”78 m 12

e) 1074 u 1A

(3.6x)
" (3.4x)
(3.6x)

7
5

b) 107’ M IAaA (3.6x)
d) 1007 M IAA (3.6%)
' £) 1073 M 1aA (3.3x)

i

-4 . . .
molar kinetin and various concentra-
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1072 4

M IAA / 107 ° M kinetin: 100% of the explants had

propagation nodules, shoot apices and microshoots lining the
explant edge. The largest shoots were about 8 mm\tall with well
developed leaves. Generally, but not always, the shoots came from
nodules with hairs. The explant edges were thickened from cell
growth and division. Explant diameters were increased by 40% to
508. The leaf disks were convoluted and deep green. (Figqure

13£)

-3

10 M kinetin cultures

The organogenetic response in the 10"3 molar kinetin
cultures (Figure 14), the highest of the kinetin concent?ations
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 near the
periphery of the leaf disks (but not directly on the explant's
edge, as in the case of propagation nodules) on the upper,
adaxial surface.

3

Only the 10  ° M IAA cultures gave rise to propagation

nodules and shoot apices.

At concentrations of IAA lower than 10-3 M, the high
cytokinin concentration was obviously antagonistié to tissue
viability. This was indicated by necrosis of the peripheral

\

cells, which were in the most immediate contact with the agar
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medium due to down-curling of’the leaf disk edges. The explaﬁts
also showed: various degrees of chlorosis. The amount of
chlorosis diminished with lower concentrations of iAA.
Specifiéydetails follow fog\each mediums?
\

10 %M 120 / 1073

M kinetin:\ 20% of the explants on this

medium showed no apparent meristematic activity; 80% produced

[y

minute, gpeen globes, as described above. All the explants were

«

slightly chlorq;ed with downscurled e ges and necrosed

peripheral cellé) (Figure l4a)

2

100" M IaA / 10_3 M kinetin: 60% of the explants showed no i

apparent meristematic activity; 40% produced globes. All the
explants were partially chlorosed (tissue pale green with yellow
patches) with down-curled edges and necrosed peripheral cells.

(Figure 1l4b)

107% M 128 s 1077 M kinetin: 803 of the explants showed no . -
apparent meristematic activity; 20% developed globes. All the ) L
explants were chlorosed with edges curled downwards épd “1

FYRNIY

peripheral cells necrosed. (Fighre l4c)

. i
107% M raa / 10°3 M kinetin: 90% of the explants-—- bwé; no
apparent meristematic actiwvity; 10% produced nodules. Explant o

appearance, as above. (Figure 144d)

10°% M 124 /’10'3

r
-

M kinetin: 10% of the explants showed no

apparent meristematic activity, whereas 90% produced globes.

ot

Explant appearance, as above. (Figure l4e)

1073 u 128 / 1073 M kinetin: The upper, adaxial explant

edge was covered in small, green, translucent propagation npdules.
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Tobacco leaf disks cultured for four weeks on medium
containing 10”3 molar kinetin and various concentra-
tions of Iaa,
a) 1078 M 122 (6.5x) b) 1077 M 1AM (6.5x%) ' >
c) 1076 M 1AM (5.5x) A 1072 M IAA (5.5x)
e) 1074 M 1aa (6.5%) . £) 1073 M 1AM (5.5%)
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Some of the nodules had epidermal héirs, unlike the globes formed

. at lower IAA concentrations. Some vegetative shoot apices were

apparent originating from nodules. The shoot apices had one or
two well formed leaves and several leaf primordia. Nodule-~like
structures were also present at the peripheries of necrbsed
patches occurring in the central area of the leaf disk. (Figure
14£)

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'developeg than after four weeks of culture‘i

\

time. However, the number of apices pef explant had greatly
increased. At hine,weeks of culture, the explants were covered
in apices over the entire upper, adaxial disk surface; however,
these apices had no more than eight nodes of growth including
all visible primordia (as determined by microdissection).

Thus, the lesser degree of shoot development on tHe 10_.'3 M

kinetin nodules, as compared to the microshoots on the 10_4 M
kinetin nodules, was not due to slower growth rates, but to
apparent inhibition of development beyohd the formation of about

8 primordia.
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Summary of the leaf disk response to different IAA and

. g .
kinetin concentrations

The above results, which are also summarized in Table 14
and in Figures 15 and 16, showed that the most important factors
regulating vegetative organogenesis and callus production in the

tobacco leaf disk system was the absolute concentration of

-8 57

kinetin. 10 and 10 molar kinetin cultures were characterized

by small, peripheral tufts of callus.

-6

10 molar kinetin cultures were characterized by

peripheral tufts of callus and some vegetative shoot production.
At this kinetin concentration only, the amount of vegetative
organogénesis decreased with increaéing IAA concentration (Figure
15). Thus, only at 10°%n kinetin, was the auxin/cytokinin ratio
a possible factor reqgulating organogenesis (Figure 16).

10"5 molar kinetin cultures were ¢tharacterized by dense

vegetative shoot growth and propagation nodules. 10”4 M kinetin

cultures were characterized by the prolific production of

propagation nodules as well as small vegetative shoots
(microshoots) . 10-3\M kinetin cultures were characterized by
small green translucent globes except at the highest concentra-

tion of auxin (J.O-3 M IAA) at which nodules and vegetative apices

\

were produced. /

7

Thus, vegetative organogenesis only occurred at kinetin
concentrations greater than or equal to 10-6 M, and callus

production at kinetin concentrations less than or equal to

3

1078 M, with the one exception of the 10 - M Iaa / 107° M kinetin

o«
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1078 M TaA

1077 M 1aa

-6

10 M IAA

100% callus tufts | 100% callus tufts | 100% callus tufts
(- 6% no growth)

100% callus tufts 100% callus tufts | 100% callus tufts
(- 6% no growth) ~-6% roots

100% callus tufts | 100% callus tufts | 100% callus tufts

50% veg. shoots 30% veg. shoots 20% veg. shoots

38% shoots and

roots

100% vegetative
shoots and nodules

100% vegetative
shoots and nodules

100% vegetative
shoots and noduleg

(callus-like.
quality)

100% nodules
and microshoots

100% nodules
and microshoots

100% nodules
and microshoots

107> M kin 10~ M xinl107° N kin4 10® M xin | 10”7 ¥ xin[10"8 ¥ kin

100% globves

(20%4 no growth)

100% globes

(60% no growth)

100% globes

(80% no growth)
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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.
1072 M IaA 1074 M 1A 1077 M IaA
4 <]
100% callus tufts | 100% callus tufts 40% callus tufts e
=
20% roots 60% roots ©
o
100% callus 100% callus tufts | 100% callus tufts 5
(lining explants) =
10% roots 50% roots ~
'o
, h e
100% callus 100% callus tufts | 100% callus tufts
(lining explants)
10% veg. shoots 30% roots
100% vegetative 100% vegetative 100% thick callus
shoots and nodulesj shoots and nodules 50% veg. Shoots
(callus-like 10% Toots

quality)

100% nodules
and microshoots

100% nodules
and microshoots

ﬁOO% nodules
and microshoots

100% globes

(90% no growth)

100% globes

(10% no growth)

100% nodules
and shoot apices

1072 M kin }10™* M kin|10™® M xin 1076 ¥ kin

W R

"
i
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MOL, MO LARITY of TAA
of

kKin. | 1078 1077 10-¢ 1073

1078 1 10 102 103

107} 10° 1 10 102

1076 o 10° 1 10

105 03 1072 10! 1

1074 04 1073 02 o

103 | 10°° 10™4 1073 1072

FIGURE 15 LEGEND:

Histographic Representation of Leaf Disk callus
roots

Response to Different I1AA and Kinetin
shoots

Concentrations,

The vegetative shoot, root,and callus production
for each medium is shown.
The number in each square represents the

auxin/ cytokinin ratio.
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FIGURE 16: SHOOT AND ROOT

ORGANOGENESIS AS

A FUNCTION OF AUXIN: CYTOKININ

RATIO.
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medium (Figure 15). Propagation nodules only occurred at kinetin

5

concentrations greater than or equal to 10 - M (Table 14).

Root organogenesis occurred only at the highest auxin

4 3

céncentrations, 10" " and 10 ° M IAA, and even then only at the

highest auxin/cytokinin ratios (Figures 15 and 16).

o

\ .
b) Physico-ichemical and biological response to high IAA

concentrations

An interesting, although incidental, observation from the

3 M IAA media,

breceding experiment was the appearance, in the 10
of a photochemical product which vigorously stimulated,root
growth.

In the 10_3 M IAA cultures of the preceding experiment, a
brown band formed in the medium, starting 7 to 8 mm below the
surface of the agar and extending for 15 mm thro&gh the mgdium
(Figure 17). . The brown band had a gradient of colour intensitit\\\
it was deepest brown at the top and just barely visible 15 mm
lower. The intensity of colour was also inversely related to the
kinetin concentration; the lower the kinetin concentration, the
deeper the brown colour (Figure l8a).

The brown band appeared to act as a root stimulator, in
that there was vigorous root growth and extensive branching
Qithin the limits of the brown band (Figure 18b,c,d). As the roots
approached the lower limits of the concentration of brown

product there was an apparent inhibition of root growth in that

none of the roots extended beyond the limits of brown colour and
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3 A agar surface
7 mm ~ ——culture tube
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brown band{15
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] ————thickened root tips
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Figure 17: Diagram of root growth from
\ tobacco leaf disk in relation to brown
' photochemical product appearing in the
10"2 molar IAA media.
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Figure 18: Tobacco leaf disks .cultured on 10 molar IAA media.
Figure 1l8a represeﬁts 1 week cultures, and 18b to 18f
represent 4 week cultures.
a) The appearance of the brown band in 10 > M IAA
media after 1 week of culture. The band was only
a few mm wide and deep brown in colour. The

- culture tubes represent, from left to right,

ﬁ duplicates containing 1073, 10™% and 1077 u
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 within the brown band (band not clearly
‘ reproduced by black and white photography) in

media containing 1073 u 122 and, respectively,

: 1078, 1077 and 107° M kinetin. (b: 1.4x; c and d:*
! ‘ 2.7x) ‘
e) and f) Examples of root growth with thickened root

tips in media containing 1073 M 1AM plus,

, respectively, 1077 and 10~ M kinetin. (e: 2.7x;
£: 2.8x)
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a

! . / consequently, all the roots were unusually uniform in length
(Figure 18, b to £). Also, the root tips were abnormally
thickened, often an indication of inhibition of root growth

- (Figure 18e,f). ‘ .
To ascertain whether this brown band was a consequence of
photochemical, physico;chemical, or biological processes an

3 M IAA media in combination

with various kinetin concentrations (0, 10-8, 10—6, 1074 M) were

experiment was performed in which 10

cultured under total light or total dark conditions, with and
without leaf disk explants. The results are reported in Table
15,
These results indicated that the brown bhands were a
consequence of a photochemical process and were definitely not
' due to the explants. The experiment also confirmed the
observation that the intensity of brown colour was related to the
kinetin concentration (as evaluated b? eye, the brown bands in

§ . the kinetin-free medium were slightly darker than those in 10“4 M

kinetin medium).

4 The results from this experiment also indicated that both
light (possibly due to the brown photochemical 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 form on
the media with lO—8 and lO_6 M kinetin (Table 15).
Thé phétochemical product, likely related to indole, was

( not identified. The following type of physico-chemical process

E
'

P et



g Regime O M kinetin 108 M xinetin 10"% M kinetin 107% M kinetin N
i with explants §
| ;
i Light -explants viable | -callus + roots -callus + roots | . -vegetative k
y g but no growth ) shoots RN
-brown band -brown band -brown band -brown band ;
’ -explant necrosis]j -explant necrosis -some callus -explant necrosiﬁ
Dark <
-no band -no band -no band --no band
; ) without explants
~
AN
Light -brown band -brown band ~brown band -brown band 3
} 4
, - ] Dark -no band -no band -no band | -no band ‘§
Table 15: The Physico-chemical and Biological Effects of 107> M IAA. %
. ' : The phystco-chemical effect of 10™3 M IAA on media at various 1
! ‘ concentrations of kinetin in light and dark regimes, with 3
b and without the presence of explants. The biological effect
' . of IAA on leaf disk. explants also noted. 10 replicates per A
- - treatment. © %
3 ” N . :: %
: . . S 2

-
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1

would explain this phenomenon: The brown band ceuld be the

. / .
result of a photochemical, partial oxidatibn reaction requiring

K
- u

a specific oxygen concentration. This photochemical product is
diffusible through the agar but is bleached at higher oxygen
concentrations as found near the surface of the agar. This woQild
explain, why the band appeared as a gradi®nt of decreasing
concentration of brown product and why there was no coloureg
product above the band (in the top 7 mm of agar).

As this was simply an incidental observation in the course
of , the 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.
-

¢) Callus production from leaf disks 3 P

O -
. 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 production from leaf disks of tobacco.

Results previously reported in this thesis indicated that

-5 6

10 ° M IAA in combination with 10 ° M kinetin was the best callus

producing medium when using IAA as the auxin. Therefore, this

'

medium was tested against a series of media using 2,4-D as the

auxin. The concentrations tested were 10-6 M, 5 x 10"6 M and )
1077 M for 2,4-D, and 10~7 and 107% M for kinetin. There were 1/8
"ré;I;cates foF each auxinrcytokinin combination and the cult s
were grown for 39 days. ‘ /ﬁ

™ | oA
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The ‘results for this experiment are summarized on page 117.

- 1077 M 1aa / 1076

AN . . '
for™ the experiment. 100% of the explants produced callus, but

M kinetin: This was the control medium

the callus growth was not extensive. . The callus was generally
about 3 mm in thickness, growing along a few scattered sections
of the explant edge.

90% of the explants on this medium showed either shoot .or
.root organoéenesis, after 39 days of culture. The same medium in
the previous experiment 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 callus‘growth also
showed the greatest degree ofovggetative growth. The callus
tissue was brownish with the edges of each callus tuft necrosed.

10"6 M 2,4-D / 10—7 M kinetin: 100% of the explants

'éroduced callus tissue which was greenish-brown and friable. The
explants were pale green, convoluted, and lined with 7 to 8 mm of
callus tissue. There were some dense, pale green and whitish
tissue clumps in the callus, as well as small white, elongated
projections associated with fine hairs.

6 7

5 x 10 ° M 2,4-D / 10 ' M kinetin: 100% of the éxplants

produced small tufts of callus tissue along the explant edges,

but the callus tissue was totally necrosed by 39 days of culture,

3

as was most of the original explant tissue.

107° M 2,4-D ./ 10”7 M kinetin: As above, except necrosis

gt SR
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was more extensive. . '

10-6 M 2,4-D / 1.0°6 M kinetin: This medium produced the

most vigorous callus tissue of all the media tested. 100% of the
e%piants produced vigorous callus growth generally greater than
1.5 cm in thickness. The callus was mostly translucent green and
friable, with some pale green or whitish hard, dense areas (much

like cauliflower heads in appearance).

The callus tissue also showed some organized growth. This

~
consisted of small translucent or whitish elongated, nob-like

projections. These formations were often associated with
delicate tufts of white hairs, usually growing from the bhase of

the projections.

6

D N 5 x 10 ° M 2,4-D / 10-6 M kinetin: 100% of the explants

produced a thick callus growth about 10 mm' thick. However, the

callus was deep brown and almcst Eotally necrosed by the time of

analysis. The amount of growth was not sufficient for nutrient

depletion to be the cause of necrosis. 'There were some small

patches of white callus among the necrosed tissue. Thus, this

medium apparently induced a vigorous rate of callus growth, but
' with premature necrosis.

5

107° M 2,4-D s 10°°

M kinetin: 100% of the explants

produced callus tissue which was deep blackish-brown and necrosed
™ by the time of analysis. The explants (i.e. the leaf disks) were ’

pale yellow, enlarged in diameter, convoluted in shape, and lined

with about 5 mm of callus tissue. As in the previous case, the

(; medium induced callus growth, but with premature necrosis.,

:
H
:
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Summary of callus production from leaf disks

=3
=

2,4-D was superior to IAA in the production of vigorous,

green callus tissue from leaf disks. 1In testing various

concentrations of 32,4~D (10—6 M, 5 x 1078 M, 1072 M) and kinetin

-6 7

(10 M, 10 ' M), optimal callus production occurred on medium

6 M concentrations of both 2,4-D and kinetin.

containing 10~
Higher concentrations of 2,4-D induced callus growth, but with
early necrosis of both the explant and callus tissues.

6 M 2,4-D media -showed some

The callus produced on 10
potential for organized growth. The organogenetic structures
consigsted of small nob-like projections usually associated with
tufts of white hairs. These structures were théught to be root

apices.

iii. Descriptions of leaf disk response on optimal nodule-"and

shoot-producing media

!

5

Two media were selected for all subsequent experimentation
reported in this thesis. These were chosen from the previously
reported experiment on leaf disk response to various IAA and
kinetin concentrations. The selected media were: the optimal
medium for producing propagation nodules and microshoots, and the
optimal medium for prodﬁéing vegetative shoots. The IAA

concentration in both media was 10_5 M; the concentration of

v

kinetin was 10“4 M in the nodule-producing medium and lO-5 M in

the shoot-producing medium.
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Since the two media were used in all _subsequent research

5
i
t
N
{

for this thesis,

o g

it is appropriate at this point to give a more

detailed description of explant morphology, after culture on these

media, than that previously offered in Section IV-2-ii-a of this

thesis.

ey e S FE T OGS

Culture response on nodule-producing medium:

Figure 19

shows two typical leaf disks after four weeks of culture on the

nodule-producing medium (lO—4 M kinetin / 107° M IAA). 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-

dous, organized structures. The peripheral nodules were mainly of

n

two basic types: smaller, green, translucent nodules, and larger,

whitish-green, opague nodules which often had epidermal hairs.

Cross-sections of the latter type of nodule under the dissecting

microscope revealed that the nodule interior was composed of

green, translucent cells, while the exterior was composed of {

whitish-green cells that were loose and friable in appearance. v

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 in 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
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Figure 19:

Two typical leaf disk explants after four weeks of
1 M kinetin /
Figures 19a to c represent one explant;

culture on nodule-producing medium (10~

107> M I2A).

19 4 and e, the second.

a) An in situ view. (3.7x)

b) and d) The top (adaxial) surface of the explant.
(b: 2.6x; d: 3.3x)

c) and e) The bottom (abaxial) surface of the explant.
{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 explant. 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
some 60 to 70%. The disks also became convoluted in shape, as-
shown in Figure 19. All the original explant tissue and all de
novo tissue were chlorophyllou:, although a slightly paler 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

5 M IAA). As seen in

shoot-producing medium (107> M kinetin / 10~
Figure 20, this medium produced vigorous shoot organogenesis.
Hundreds (500 plus) of chlorophyllous shoots were formed per
explant. Most of the shoots were only a few millimeters in
height with three to four leaves per shoot. However, on each
explant there were ten to twenty shoots greater than a centimeter
in length. These larger shoots had up to 15 well 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 novo growth was very dense, filling 3 to 4 centimeters of

culture tube space. Some of the shoot tissue was callus-like in

quality, especially in the central portions of the culture mass.
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Figure 20:

s 3 T PR SRR Y
B I N LR e S Caa e g O

-+

Two typical leaf disk explants after four weeks of

culture on shoot-producing medium (10"5 kinetin /
5

10°° M IAA). Figures 20a and b represent one explant;
20c the second,

a) An in situ view. (1l.6x)

b) and ¢) 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%ghen 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 culture. However,
accurate measurements of the extent of the increase could not be

made because of the density of de novo growth which displaced

much of the original explant tissue. The disks were deep green

and convoluted.

iv. Analysis of plant imposed factors affecting organogenesis

Several experiments were performgd to determine the extent
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 oﬁ nodule-producing

4 M kinetin) and on shoot-producing medium (107> M

medium (10~
kinetin), as described in the previoué section.

The definitive experiments are reported below. All results
describing leaf disk response to 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 explant excision locus

Tbe effect of excision locus on the organogenetic response
was tested by culturing leaf disks excised from four specific
regions of the tobacco leaf, as shown in Figure 21.{‘fhe leaf
lamina was sectioned into a rectangular shape excluding the

petiolar and leaf tip regions. This rectangle was then evenly

-

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 tiésue avoiding main vascular bundles.

Basically, the experimentation 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 ha& a terminal closed
flower bud, and 3) full bloom, in which the floral apex had a
flower in bloom. For this part of the experimentation only the
nodule~producing medium was used. Explants were excised from
leaf #13 of each donor plant and there were 18 replicates per
explant type.

The second part of the experimentation used green-fruit

donor plants, in which the terminal flower was in the process of
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FIGURE 21

Excision Regions of the Tobacco Leaf

.

Diagram of the four excision regions ( A,8,C,D)
used in experiments testing the effects of
excision locus on the organogenetic response
of cultured tobacco leaf disks.
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fructification. Th3~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 4+hus was required for
. N A
» valid comparisons with previous work.

In this experiment, both the nodule-producing and shoot-

o

producing media were tested. Explants were excised from leaves

g ¢ #24 to 27, since these leaves were of a comparable size and green

v

colour to the leaves from the dohor plants of earlier floral
stages which had been used in the first pé?t of this "
"experimentation. °

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 mediﬁm,

. explants from all the developmental stages tested (i.e. green-
\ fruit, full bloom, floral bud, and early‘floral bud) produced the

same organogenetic response in culture regardless of excision:
locus. Similarly, on shoot-producing medium, there was no

difference in the culture response of leaf disks from the four

¥ st s o e i b0 s

excision loci on the tobacco leaf. 1In fact, in all cases the

morphogenetic Eesponse was entirely typical for the media, as
described in Section IV-2-iii of this thesis. .
t ' Fresh weight analysis of the explants cultured on nodule-

‘ ' producing medium revealed a greater number of culturés 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 developmental stage. No attempt was made to
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statistically correlate growth rates with excision locus, since’
several ekperimentﬁl variables were implicatéd. 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 gnd Methods) , was not applicable in the
case of marginal tissue. As can be seen in Figure 21, the
marginal region (D) of the tobacco leaquas much narrower than
the interior regions (A,B, and C) as defined for these
experiments. Thus, possibly lower gfoytn)rates in explants from
the leaf margin could well be attributed to the effects of
alcohol and/or bleach pené@ration during sterilization, 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,
?ﬁ#’\ﬁ! subfloral, and middle explanting regions, as defined for the
epidermal exélant system reported in Section IV-1-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 on both nodule-producing and
4 5

[ SR S —
E-

. . shoot-producing media (10™% and 107° M kinetin, respéctively).
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There wére 18 replicates per experimental condition.

Results: On both media thefe were no differences in the
organogenetic response 5f explanps from leaves of the three
defined regions along 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 Bf organogenetic
response in the leaf diskR system, as seen in the epidermal'

explant system for Nicotiana tabacum.

¢c) Effect of disk orientation

The effect of disk orientation on the organogenetic
response of leaf disks ‘was tested ﬁ§ culturing leaf disks with
either their adaxial or abaxial surfaces in contact with the agar
medium, Béth nodule~ and shoot—producigg media were used in

these experiments; for each medium 36 replicates were plated.with'u

adaxial contact, and 18 control replicates were plated with
“»

. abaxial contact (the standard for all previous experimentation).

’ /
The explants were excised from leaves #16 to 24 of a green-fruit
tobacco plant with 34 nodes.

; Results on shoot-producing medium: There 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,b). 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, ‘-both sides of the leaf disk were equally
.responsive to the 10—S molar kinetin medium. 1In both cases,
g;owth was predominantly from the disk edges and underside
(whether it be the adaxial or abaxial surface). Also, in both
cases, the response was entirely typical for the sheoot-producing
medium as previously described in Section IV-2-iii.

1

Results on nodule-producing medium: On 10—4 M kinetin

medium, in contrast to the above, disk orientation did influence
the culture response (Figufe 22c to g). The response of the
control explants, which had abaxial contact with the agar medium,
was typical 'of the organogenetic response induced by the nodule
producing medium (Figure 22d,e) as previously described in
Section IV-2-iii.

The test explants, plated so that the adaxial surface had
contact with the agar medium, produced comparably vigorous
organogenesis on the lower side but no organogenesis or other
form of growth on the upper side (Figure 22f,g). The leaf disks
were rolled up as shown in qigure 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 werg
brownish (that is, the superficial tissue was slightly necrosed)
and had very few apical centers (Figure 22g). The rest of the
adaxial nodules, which were not in direct contact with the medium

due to the rolled conformation of the leaf disks, were green and

often bore small leafy shoots a few millimeters high (Figure 22f).
¥
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Figure 22: The effect of disk orientation on the organogenetic
response of leaf disks cultured with either their
abaxial or adaxial surfaces in contact with the agar
medium.

; a) and b) Leaf disk explants cultured on shoot-

producing medium; a) with abaxial contact, h) with

- adaxial cgntact. (1.1x)

; é) The rollej\conformation typical of leaf disk

explants cultured with adaxial contact on nodule-

i . producing medium (3.8x)

d) and e) A leaf disk explant cultured with abaxial
contact on nodule-producing medium; d) top
(adaxial) surface, e) bottom (abaxial) surface.
(3. 1x)

£) and g) A leaf disk explant cultured with adaxial
contact on nodule-producing medium; £) top
(abaxial) surface, g) bottom (adaxial surface.
(3.1x)
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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.

edges, but these nodules were smaller and bore fewer ard less

130

There was also some organized growth along the disk

developed shoot apices than edge nodules on the control explants.

Summary: The results from this experiment are summarized

in Table 1l6. The orientation of the leaf disk on the agar medium

only affected the culture response on nodule-producing medium.
There was no morphogenetic effect on the shoot-producing medium.
On the lattér medium, organogenesis occurred on the surface
having the most immediate contact with the agar medium, and both
sides of the leaf disk were egually responsive. Thus, the

orientation of the disk was irrelevant to morphogenetic response

a

on the shoot-producing medium.

1

Oon 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 equally
responsive. On this medium, more numerous 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 production 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 -+ — 4 ~ — 4>

o O @« o © O g o

-« -~ ~ ~

» 42 42 " 42 o

o = o o R d o

L o < O 80 < 0O

@ o © o QO @ o
organogenesis on

upper disk surface none none none none
organogenesis on

bottom disk surface some much much much
(medium contact)

organogenesis on much some some some

disk edge

predominant type
of organogenesis

relative degree
of development

relative amount
of de novo growth

nodules nodules

shoots shoots

++++ 4+

++++ ++++

Table 16: Summary of Disk Orientation Results

A summary of qualitative results from the
experiment on leaf disk orientation in

culture.

Tobacco leaf disks were cultured

for 4 weeks on nodule-producing medium
and shoot-producing medium, with either
the abaxial or adaxial surfaces in contact
with the agar medium. '+’ signs indicate

relative quantities.
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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 tested in two
experiments in which leaf disk cultures from plants of various
developmental stages were compared with control cultures from
green-fruit stage tobacco plants. The developmental stages
tested were three different floral stages and a vegetative stage.

The definitive experiments on developmental stage are as follows:

Leaf disks from floral stages of tobacco: In this

experiment, aspects of which were previously reported since it
was also designed to investigate the effect of excision locus
(see Section 1IV-2-iv-a), the organogenetic response of leaf disks
from tobacco plants at various floral stages was compared with
the response of disks from green-fruit tchacco plants. The
floral stages tested were early floral bud, floral bud, and full
bloom. Three plants of each developmental stage were used for
explanting, The plantg 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 witﬁ
the response of the controls. The response was typical of leaf
disks cultured on nodule-producing medium, as previously
described (Section IV-2-iii) . Thus, development of the floral

apex from shortly after floral induction to fruiting had no

it
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apparent effect on the culture response.

Leaf disks from a vegetative tobacco plant: The culture

response of leaf disks from a totally vegetative tobacco plan£
was tested against control explants from a green-fruit plant.

The vegeéative plant had a total of 29 nocdes; leaves #1l1 to 17
were used fpr explanting. The apex of the plant was dissected to
confirm that the plant was vegetative. This particular stage of
vegetative tobacco plant was chosen beéause 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. Tt was impossible to
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. Some 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 Fiqure 23. However, in many cases on
this medium it was impossible to 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)

c)

o e e

b

and b) A leaf disk explant from a green-fruit

stage pilant; a) the top (adaxial) surface,
b) the bottqmj?abaXLal) surface. (2.4x)

‘

and d) A leaf disk explant from a vegetative
tobacco plant; «c¢) the top (adaxial) surface,

d) the bottom (abaxial) surface. (2.4x)

Figure 24: ‘Dark and light grown leaf disk cultures.

a) Leaf disk explants cultured for six weeks on shoot-

c ' b)

producing medium in either total darkness
total light (bottom}. 1.0x%)

Leaf disk explants cultured for six weeks
producing medium in either total darkness

total light (bottom). (l.0x)

(top) or

on nodule-

(top) or

st
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pattern of organogenesis resulted og explants from green-fruit
% and vegetative stage tobacco plants.
:
Summary: The developmental stage of the donor tobacco
{ plant, from vegetative to green fruit, did not influence the

organogenetic response of leaf disks cultured on either nodule-

or shoot-producing media. //

w

e) Summary of analyses of plant imposed factors affecting

3

. 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 (;pspectively,

10”4 M kinetin / 1075 M IAA and 10”° M kinetin / 1077 M IAR).

o i i T
f

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 oraientation of the leaf disk on the agar
medium influenced morphogenesis of the explants on nodule-
producing medium (though not on shoot-producing medium}, the
types of organogenetic structures were still similar to the
organogenetic response typical of“that medium. The difference
in resﬁonse evoked by disk orientation was not a difference 1in
organogenetic processes (E;ﬂ; nodule to shoot formation) but
rather a diffgrence in organogenetic responsiveness between the

( adaxial and abaxial surfaces.

S
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Thus, plant imposed factors had little effect on the
4 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

A number of experiments were performed to assess the light'
requirement for organogenesis on cultured leaf disks.
N To test the Jlight requirement for organogenetic development,
organogenesis on leaf disks was initiated in the light and then
1 ' transferred to thé dark. Specifically, the explants received 3
weeks of the light regime (shoot apices just apparent) foliﬁwed
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.

' To test the light requirement 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.

i

'There were 7? test explafts and 36 -light-maintained control
explants. '
A third experiment was performed to confirm the results
: from the previous two experiments, as well as to extend the
observations 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 were
9 replicates per experimental condition.

In al; three experiments, explants were derived from green-
fruit tobacco plants, and, other than the light-regime, all
culture conditions were identical.

Results: The results from these experiments showed that
light was definitely 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 eaéhr—

.

experimental condition produced an homogenous response indicative
of that condition. On both med%a, the culture response in the
dark regime was similar to that’of the light grown controls.
Organogenesis in the form of ﬁodules and shoots was initiated
even in dark conditions. Alép, the cultures developed to an
extent quite comparable with the light gr&wn controls, as seen
in Figure 24. Most of the morphological differences apparent in
thg dark grown cultures were those typical of light deficiency.
Alz de novo growth in the dark was achlorophyllous and the shoots
were very etiolated in cultures grown on shoot—producing medium.
Apart from etiolation and lack of chlorophyll, the dark
grown cultures on nodule-producing medium produced larger and
more numercus nodules than the light grown controls and less
shoot development (Figure 24b). 1In other words, dark conditions

promoted nodule growth but retarded shoot growth. The dark

'grown cultures on shoot-producing medium produced more callus
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growth and less leaf develaopment than the light grown controls

(Figure 24a). 1In this case, the dark conditions promoted callus

growth and retarded leaf growth. In the experiment where light é;

induced cultures were transferred to dark conditions, some abnormal

morphology 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 concluéively that
ﬁght was not an absolute requirement for induction and
development of organogenesis in the leaf disk system, although
light was required for optimal de novo growth (i.e. the

production of healthy, normal shoots).

v o

vi. Sygtem subculture potential

The subculturing potential of the leaf disk system was
tested by subculturing leaf disk cultures on both no@ple— and ’
shoot-producing media for respectively four and two passages,
and by testing‘the organogenetic capacity of the subcultures on-
nodule-producing medium at both the second and third passages.

One aim of these experiments was to determine whether
propagation nodules could be selectively passaged with retention
of organééenetic capacity .n order to 1) increase the cloning
potential of the leaf disk system and 2) assess the possibility

of conveniently generating cultures through subculture to be used

in studies on in vitro regulation of organogenesis thus
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eliminating or reducing the constant need for growing tobacco
plants. The second aim of these experiments was to determine
whether the highly organogenetic cultures produced on the ﬁhoot—

producing medium could be passaged with“retention of organo-

Y

genetic capacity, for reasons as previously stated.

The agfinitive 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-producigg or shoot-producing medium,

. under standard culture conditions (see Materials and Methods).

After four weeks the cultures were subdivided into 9 sections

each, and each section 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. All the cultures were
visually examined and representative 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 successfully cultured for four passages with no decrease in

growth rate or in the organogenetic capacity for nodule and
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microshoot production.

In the first passage the leaf disks showed the typical
response of producing hundreds of nodules and a large/;ﬁmber 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 4 and g). The subcﬁltures R
produced hundreds of small leafy shoots (450 to 600 per
subculture explant) of uniform size (a few millimeters in height)
growing in all directions (Figure 25d,g). Distinct nodules were
seldom identified due to the extreme density of growth, but some

nodules could be detected in the subcultures. The subcultures

easily fell apart into smaller clumps of shoots. These clumps

- were spherical with shoots radiating in all directions (Figure

25c). While the number of de novo 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 25¢).

Results on shoot-producing medium: Leaf disk cultures

initiated on shoot-producing medium produced identical results
after subculture dn the same medium. There were hundreds of
shoots per subculture explant, and the overall morphology was
typical of the culture response on this medium (as described in
Section IV-2-iij). There was also no change in growth rate upon

subculture.

/
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Figure 25:
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Leaf disk subcultures:

a)

c)

d)

e)

f)

and b) Leaf disk explants cultured for 1 passage on

nodule-producing medium; a) explant removed from
culture tube, top view (1.9x), b) explant in situ,
side view (1.5x).

A leaf disk subculture after 4 passages on nodule-
producing medium (1.5x)

and g) A leaf disk subculture after 2 passages on
nodule-producing medium; d) culture removed from
culture tube, top view (1.9x), g) culture in situ
(0.9x) .

and h) A leaf disk subculture on shoot-producing
medium after 1 prior passage on nodule~producing
medium; e) culture removed from culture tube, side
view (0.9x), h) culture in situ (0.9x).

and i) A leaf disk subculture on root-producing
medium after 1 prior passage on nodule—producind
medium; f) culture removed from culture tube, side

view (0.9x), i) culture in situ (0.9%).
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Further passages on this medium were not gttempted due to
the success in subculturing on the nodule-producing medium. For
the purposes of long term maintenance of leaf disk cultures
throuéh repeated subculturing, it appeared much more convenient
to do so on nodule-producing medium which produced slower and

"

more uniform growth.

b) Organogenetic capacities in the subcultures

To test the capacity for producing organogenetic structures,
other than microshoots and quules, subcultures from the nodule-
producing medium were further subcultured in the second and third
passages onto shoot-producing medium and a medium optimal for

root production.

The shoot-producing medium was the standard one as defined

for this research (10-5 M kinetin with ]LO_5 M IAA). The root-
producing medium contained lO—7 M kinetin with lO-3 M IAA (as
determined in Section IV-2-1i of this thesis). Subculturing was

performed as previocusly described and each passage represented 4
\weeks of culture. There were 36 replicates in each case.
Results: Subcultures passaged onto 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 subcultures
produced vigorous vegetative organogenesis in the form of

hundreds of shoots per culture which ranged up to 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 shoét—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, previously subjected to two passages on
nodule-producing medium, were plated on the root medium, 100% of

v

the cultures produced roots, shoots, and callus.
Thus, there was an apparent increase in organogenetic.
capacity expressed on a root-producing medium associated with

repeated prior subculture on nodule-producing medium.

c) Summary 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 d

organogenetic capacity. In fact, in some instances there were

increases in growth rates (e.g. subculture on nodule-producing

PPN
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medium) and in organogenetic capacities (e.g. as expressed by

subcultures on root-producing medium).

vii. Clonal propagation of tobacco '

An effective and efficient method of cloning tobacco plants
through leaf disk culture was developed both to establish the
cloning potential of this system and to ascertain that the system
could indeed éroduce mature, fertile tobacco plants. This method
is briefly described below.

Most of the steps in cloning any plant species aré’qdiéé
straightforward onceﬂshoot-producing cultures have been
established. Therefore, the only step for the cloning procedure
which had to bi established experimentally for this system was
how to be;t induce roots on the de novo vegetative shoots. Six
media were tested in this capacity. The largest vegetative ,
shoots from leaf disk cultures on shoot-producing medium were 'f

subcultured onto these six potential rooting media, with one

- shoot per culture and 36 replicates per medium.

The rooting media were:

1) culture medium with 1073 M IAA and 10" ° M kinetin, -

2) culture medium with 10—4 M IAA and 10~5 M kinetin,

3) culture medium with 107> M IaA and 1078 M kinetin,

-

4) culture medium with 1074 M 1aA and 107°% M kinetin,

»

5) culture medium without IAA and kinetin, and

6) solidified Hoagland's solution (see Materials and Methods).
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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 callus growth or de novo
shoots (rather than plantlets) or were simply slower in producing
plantlets.

An effective method for esloning tobacco plants from leaf
disk cultures (as established in this research) was, therefore,
as follows:

Step l: Vegetative shoots were produced on shoot-producing
medium (107° M IAA and kinetin). The culture

period was about 3 to 4 weeks.

Step 2: Individual shoots were subcultured onto rooting
medium (no IAA or kinetin) to induce root formation.

The culture period was about 3 weeks.

Step 3: Plantlets were transplanted to vermiculite and
grown for about 2 weeks to establish more extensive

root systems.

Step 4: The young plants were transplanted to a soil-
vermiculite mixture (as per Materials and Methods).
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

1

time required to produce a green-fruit tobacco plant from seed.
The clones were definitely capable of seed production.
The cloning potential of this system 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
(assumiqg 10 clones per leaf disk, 36 leaf disks per tobacco
ﬁlant, and 15 potentially usuable leaves per plant). With
subculture multiplication, there is essentially infinite cloning

potential.

viii. Morphological development in culture

A photographic study was made on the morphological
development 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.
(&4

1
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8 days: After 8 days in culture, some 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). ) \

12 days: After 12 days in culturé, 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 in culture, the edge nodules were
larger and more numerous, so that the disk periphery was‘now
lined with propagation nodules. The first few shoot apiceé (less
than 5 per leaf disk) were just becoming apparent on the edge
nodules (Figure 26b). The nodules on the bottom surface were
also larger in size (Figure 27c),dbut otherwise showed no
distinguishing characteristic. The leaf disks were even more
convoluted than 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 ncdules were larger and so
numerous that indiviudal nodules could seldom be distinguished
(Figure 26c). Many shoot apices were apparent on the edge
nodules. The nodules on the bottom surface of the disk were
larger, but no more numerous than at 16 days (Figure 274d).

24 days: After 24 days in culture, some leafy shoots were
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_Development of peripheral nodules on leaf disks

cultured on nodule-producing medium. Figures 26a

to g represent sections of leaf disk edge after

various lengths of time in culture.

a)

b)

c)

d)

e)

£)

After 12 days in culture: nodules were actually
separating the upper and lower epidermal layers.

(13x)

After 16 days in culture: nodules completely

lined the disk edge and were almost confluent. .
Shoot apices were becoming apparent on the

nodules. (13x) *
After 20 days in culture: the disk edge was .
thickly lined in nodules and shoot apices were
frequently apparent. (13x)

After 24 days in culture: leaf development was

beginning on the shoot apices, so that the first
microshoots were now visible by eye. (13x)

After 28 days in culture: leafy microshoots were
frequently apparent on the peripheral nodules.
The nodules are more numerous and larger, and
there were several shoot spices per nodule (as
seen on the nodule to the extreme right in Figure
26e). (13x)

and g) After 35 days in culture: many micro-
shoots were evident (f), and several shoot apices
were apparent on most nodules (g). (f: 13x;

g: 27x)
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Developmént of nodules on the bottom surface of leaf

disks cultured on nodule-producing ﬁed;um. Figures

27a to f represent sections of the bottom (abaxial)

surface of the leaf disk after various lengths of -

time in culture.

a) Aftér 8 days in culture:

b)

c)

4)

e)

£)

the nodules were

evident as centers of meristematic activity -

scattered over the bottom surface of the disk.

(15x)

After 12 days in culture:

)

the meristematic

centers were beginning to assume a nodule shape.

(15x)

After 16 days in culture:

the nodules were larger

and more numerous on the disk underside. (15x)

After 20 days in culture:
distinct nodule morphology.
After 24 days in culture:

the nodules now had a

(15x%)

*

the nodules were larger

but otherwise showed no further morphological

development. (15x)

After 28 days in culture:

surface nodules.

(27x)

detail of two bottom

o
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. . evident on the edge nodules. There were many more shoot apices

present, and more numerous and larger nodules (Figure 26d). The

nodules on the bottom surface were somewhat larger than at 20 days
days, but were obviously developing much slower than the
peripheral nodules (Figure 27e).

28 days: After 28 days in culture, the edge nodules were

3

still increasing in size and number and there were both more

-

© e g

leafy shoots (microshoots) (Figure 26e) and more shoot apices
evident. The nodules on the bottom surface of the disk showed no

further growth or development than at 24 days (Figure 27f),

R g i e
o

except for an occasional shoot apex.

35 days: After 35 days in culture, there was even further

P

b 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. Developmental series on shoot-producing medium

4 days: After 4 days in culture, no morphological
development was apparent.

B8 days: After 8 days in culture, meristematic centers wgfe
apparent all over the explant underside (Figure 28a).

12 days: After 12 days in culture, the meristematic .
ceqters had taken on a nodule-like appearance and were more

nu;%ybus (Figure 28b). There was nc edge growth at this stage.

16 days: After 16 days in culture, edge growth was not

B e wfees o
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1
Morphological development of organogenesis on leaf

disk explants 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 12 .days in culture: a portion of the

c)

q)

i)

)

convolyted bottom surface of the leaf disk bearing

numerous nodules. (8. 7x)

to f) 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.
($8x)

e) top view of a 16 day leaf disk explant showing
the convoluted form of the explant and the
extent of edge growth. (1l.4x)

f) bottom view of a 16 day explant showing the
nodules scattered over the bottom surface.
(1.4x)

and h) After 20 days in culture:

g) top view of an explant. (l.4x)

h) bottom view of an explant. (1,4x)

After 24 days in culture: side view of a leaf disk

culture showing the downward shoot development.

(1.4x) |

After 28 days in culture: side view of a mature

leaf disk culture on shoot-producing medium, (1.4x)

-~






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 (Figure 28d). The nodule-like structures on the bottom
surface of the explant were larger and more numerous than at'l2
days, but showed no apical differentiation (Figure 28c,f). The
explants were now very convoluted in shape, and de novo growth
along the disk edge was generally confined to those sections of the
edge not lifted away from the medium by convolution (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 explant, and explant volume had
increased 5 to 10 fold in the pfevious 4 days of culture,

24 and 28‘days: 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 some callus tissue present,

apparently associated with the extreme density of de novo growth.

¢. Summary of morphological development

%
Thus, on both nodule- and shoot-producing media, the same

deveiopmental processwas taking place: that of nodule formation
followed by shoot initiation and development. However, shoot
develbpmerﬂ:was arrested at an early stage on the nodule-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. Wisc. 38: one employing thin epidermal explants excised
from the stem and floral branches of various floral stages of
tobacce, the other using digks excised from toba;co leaves.

The research involving the first system, which used
epidermal explants, was focused on the gquantitative analysis of
the gradient of in vitro floral expression known to exist in

flowering Nicotiana tabacum L. (as described in the Literature ™

Review, Section II-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
florai branch explants produced only floral organogenesis (under
appropri;te conditions) and that this organogenesis was direct,
de novg organogenesis from subepidermal cells (see the Literature
Rev%gw, Section II-3). That ﬁs, the flower buds were formed
directly without prior vegetative growth.

The results reported in this thesis did not reproduce the
above observations by Tran Thanh Van, namely, the precise and
simple expression of th%@floral gradiemt in Nicotiana. As

described in Section IV-1l, the organogenetic response was
¢ .



154

unpredictably variable and more complex than anticipated.
Contrary to the reports by Tran Thanh Van, in the research for
this thesis organogenesis did not unigquely originate in a
subepidermal layer of the explant. As determined by micro-
dissection and visual analysis, there were as many as six organo-
genetic origins. Theseé were, in order of frequency of occurrence,
the epidermal surface, polar callus, the cortical surface, polar
outgrowths, non-polar callus and polar swellings. Possibly,

these were not six discrete origins representing six aiscrete
organogenetic processes. Rather, some of these might 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 bolar swelling to polar outgrowth to polar

callus. It is also possible that some of the apparent origins of
organogenesis actually represented a secondary form of morpho-
genesis induced by secondary growth of vascular connections
between de novo shoots formed on the explants. These
suggestions are purely conjecture and there is no evidence to
substantiate them. They are simply intended to illustrate the
possible extent of the complexity of the epidermal explant 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 subsequently have become

engulfed by callus tissue and hence be erroneously classified as
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of callus origin.

By quantifyiné 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 weakér or absent in organogenesis from
other origins. However, the origin- analyses also revealed
gradients of in vitro vegetative shoot and root organogenesis.
There were gradients of vegetative shoot éroductipn in organo-
genes}s of bo%ﬁ epidermal and cortical surface origins (Table
13). The vegetative shoot gradient was opposite in direction to
the ﬁ;oral gradient; that is, vsgeta£ive shoot productaon
increased from apex to base. The gradient of rgot organogenegis
was in the same direction as the floral gradient, but was only
expressed in organogenesis of polar callus origin. Thus, it wag
clear that there were different organogenetic processes
associated with the various origins observed in this research.

Consequently, it is evident that the system of thin epidermal

explants of Nicotiana tabacum L. used in this research produced

a far more complex expression of organogenesis than reported by
Tran Thanh Van for apparently the same system.
It is possible, however, that the organogenesis occurring
specifically at the epidermal surface in this research was
o
equivalent to the subepidermal organogenesis reported by Tran

Thanh Van. Although histological analysis to determine the exact

cellular origin of organogenesis 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 inspection, to originate directly at
the epide}mal surface. Even so, the type of quantified
expression of the floral gradient reported by Tran Thanh Van was
not reproduced in the work for this thesis, as shown in Table 17.
However, both sets of results clearly indicate the existence of a
gradient of in vitro floral potential in green-fruit tobacco
plants.

Tran Thanh Van also reported a concomitant gradient in
vegetative potential expressed by the epidermal explants. This
w;s observed in the research for this thesis as well, although
it was observed in organogenesis originating at the cortical
surface as wéll 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'flqral
and vegetative gradients are not necessarily concomitant, which
is contrary to the implication in Tran 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 stem of flowering Nicotiana tabacum L.

Moreover, the research in this thesis also demonstrates the
presence of ancther 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 organogenetié‘capacity and proximity to the
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excision region

results reported by
Tran Thanh Van

results reported
in this thesis

% explants with nodes per

% explants with nodes/floral shoot

floral buds floral shoot floral buds¥ ~avg.* range*
FB 100 1 100 2.2 1 - 4
F 62 3 100 2.6 1 -5
SP 40 4 82 5.3 2 -
M 25 5 14 6.0 6 <\b
B 0 - 0 l -

3

* of epidermal origin only; results from Table 13.

Table 17:

Quantification of the Floral Gradient in Tobacco by Tran Thanh Van

and Bentzen

A comparison of the results reported in this thesis with those

reported by Tran Thanh Van (1973b) on the quantified expression
of floral organogenesis i1n thin epidermal explants derived from
the stem of green-fruit Nicotiana tabacum L.

LST
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plant apex (Table 6). This gradient has also been suggested to be
a function of cell age (Hillson and LaMotte, 1977; also see
Literature Review). Tran Thanh Van did not report this gradient
in her research, and therefore presumably did not correct for it
when quantifying the floral gradient. This may éxplaln some of
the difference between her quantification of the floral gradient
and that reported in this thesis. -

Another significant difference between Tran Thanh Van's
data and that reported in this thesis 1s that of node number per
de novo floral shoot which is another type of expression of the
floral gradient (Table 17). The gradient in node numbers is much
more distinct 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 occurring directly at the epidermal
surface (i.e. only 1 node per floral "shoot"”). In the work for
this thesis, every excision region 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 explant system expressed a greater
complexity in this research than in that reported by Tran Thanh
van. '

In a 1974 publication, Tran Thanh Vanlreported that whereas
®

floral branch explants from plants at the green-fruit stage

showed 100% floral organogene51s,\explants from plants at the
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a
full bloom stage produced no floral buds at all (Tran Thanh Vip!
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 presen£ at both the full

bloom and floral bud stages of Nicotiana tabacum (Table 13). In

fact, floral branch explants from plants of the full hloom stage
showed 100% floral organogenesis in this research (as compared
with 0% reported by Tran Thanh Van).

In a 1978 review, Tran Thanh Van herself somewhat
disclaimed her original observation. In this review she stated
that "direct flower formation is only expressed at a precise
physiclogical 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 substdntiated or
quéntified.

In any case, the expression of direct flower formation was
definitely observed at stages earlier than fertilization of the

terminal flower (i.e. earlier than the green-fruit stage) in the-

research for this thesis. While at least 41% of the floral

branch explants from green-fruit plants showed direct flower
formation (compared with 100% in Tran Thanh Van's reports), at
least 18% .also did so from full bloom piants (compared with 0% in

Tran Thanh Van's reports).

.,
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There are many possiblg‘explanations for the differences
between the results reporéed in this'thesis and those reported by
Tran Thanh Van. A possible explanation is that the éifferences'
were caused by subtle genetic factors. As described in the
Literature Review, genetic factors may influence the expression

"of in vitro organogenesis even in different geﬁetic lines of the
same cultivar. Certainly, different culture responses of

different cultivars of Nicotiana tabacum have been well

, documented. Thus, there are definitely intraspecies genetic '

factors which regulate in XEEEQ 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 Tran
Thanh Van, there could well be genetic differences associated

with the seed source.

Other possible explanations for the differences between the
results of Tra; Thanh Van and of this thesis include the’ -
nutritional status of the donor planps (due to possible
differences in the methods of growing tobacco plants) and
intertissue and intercellular correlations (due to differences in
the size of the epidermal explants). The latter is the most
likely explanation for the greater complexity of ofganqgenetic ’
origins observed in the work for this thesis..

The research using the epidermal explant system posed many
technical problems which are aetailed in the Results section of

this thesis. These problems were evidenced by unpredictably

variable and low experimental yields, which in turn led to low
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replication and occasional failure in repeating experiments due

. to lack of any organogenetic growth.> These pfoblems rendered the

epidermal explant system inappropriate for further research and

reduced the number of definitive conclusions which could be drawp

0

from the data reported in this thesis. However, some conclusions

and implications can be made, as di'scussed below.

The results reported in this thesis clearly showed thiat the
‘gradient of in vitro floral expression Jas present not only in
the green-fruit stage of tobacco, but also atwtwo earlier. stages
of floral development. However, the gradient was most strongl&.
expressed at th; green—fruit stage, and less at the fullxblooh
and floral bud stages. It is not felt that anything can'bé o
inferred from this observation due to insufficient replication of

-l

the data. Howeverg;mdée intensive studies quantifying the floral
gradient at various developmental stages (e.g. pre-floral
induction, during induction, and post-induction) would mos¢
likely give valuable information concerniné the mec@anism\of
floral induction and related physiological gradients in Nigotiana.

One implication which can be drawn from this research,

[

which has already been discussed, is that the mechanisms invglved
in the regulation of f;oral and v%getative oﬁganogenesis are k
probably associated with two distinct but interrelating .
physiological gradients present in the stem of flowgring

Nicotiana tabacum.

o

The second tissue culture systém stidied, the leaf disk

systeh, was developed for the purpose of this thesis: This

. o v

3
" ’
! e !

e




,' “ » T - .y i vy . R
system employed 12.7 mm leaf disks culﬁured on modified Murashige

. and Skoog medium. The leaf ‘disk system had many Vantageous o

. . chaf!&terlsgiés. On appY¥Yopriate pedlah this system pr@duced 100% N
yield and complete gomogeneitg\in organogenetic fequnse. The

response was both rapid and vigorous. Organogenesis was well

developed in 19 to 26'days.f The system demonsQfated a high ' !

.

propagation potential W1th complete retentlon of organogenetxc

>}

capacity. Moreover, it was demonstrated'that tobacco clones, .

@
t
°

involving large numbers of in&i@iduals, could be éuickly and

1 o i pe e st S

effectively produced from leaf disks, an obvious advantage to

3

both plant breeding and»physiologicai research programs.

L
Pt B N

The leaf disk system displayed a large degree of intrinsie
homogenei ty. The organogénetic response of' the systeﬂ to 3

, - ¢
hormonal and environmental manipulation was usually uniformly £ s 3

expressed in 100% of. the explants. Also, wlant imposed factprs
were/ehown‘to have little effect on the orgenogenetic reséonse.
That isg, excision‘locus on the leaf, leafﬂ%osition on the plant,
and developmental stage of the donor plant were all shown ‘to be’

v

irrelevant to the organogenetic response of leaf disk cultures..

It was also demonstrated in this theeis that the\emergence'
of organogenetic structures in the leat Qisk system was a .
‘ response to direct medium contact. Morphogenetic differences
C . arising froT’dlfferent orlentatlons of the leaf disk in culture
were 'a consequence of differing responsiveness of the adaxlal and

. abaxial surfaces of the leaf disk when in contact with the agar

(:g " e > medium. On shoot-producing medium there wef no difference

bl
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(i.e. the culture'response was identical for explants with

between the responsiveness of the abaxial and adaxial surfaces

v
abaxial, or adaxial contact). However, on nodule-producing medium,

there was a difference in respog;iveness between the disk sides,
. y
in that the abaxial, surface produced much mare de novo growth

than thq'adaxial side, when in contact with the medium. But for

both surfaces and both media, the organogenetic response was an

expression of the same organogenetic process; namely nodule

. formation folldwed by shoot formation.

- Observations of the type, origin, and distribution of

A}
d

organogenetic structures in the leaf disk°system, as reported in
the Résults section of this thesis supported the following

conclusions:

-

1) Organoggnesis, specifically the production of nodules

. and shoot apices, was induced by direct medium contact. This was

L)

true for both nodule- and shoot~producing media.
' 2) Organogenetic develop@ent, especially shoot development,
was promotgd by subsequent removal from direct medium contact.
This was true only for the noduie-producing medium.

The first conclusion was drawq;p&om the disk orientation
results, as discussed above. The second conclusion was drawn
from general observation in the disk orientation and other
expériments. On nodule-producing medium, the grgatest shoot
development always occurred on those parts,oﬁ/ﬁﬁ; explané lifted
away from the agar due to convdlution (typical of abdxial

b

contact) or rolling up (typical of adaxial contact) of the leaf | -
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Co disk during culture. This afomotion of development could be a
consequence of exposure to air or removal of a factor{s) in t§e
medium.’' The fact that this promotion of development only held
" true for nédu;é-producing medium, but not for shoot-producing .
medium, suggested an involvément of kinetin. The two media
differed only in their respective concentrations of kinetin

(1074 M vs. 1075

M). The promotion of development by subsequent
removal of the growth regulator has certainly been demonstratea‘
for auxin involvement in embryogénesis (Kohlenbéch, 1937; also
see Literature Review). The‘hypothesis that high“Rinetin
‘concentrations inhibit development (which is equivalent to

removal of high kihetin concentrations stimulating development)

[ o 7o S sy ;g1 = it 5 5 LT S B s e 4 o ar
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_was also supported by the hormone manipulation studies which will
'be discussed below. ‘
-' The results from the experiment testing leaf disk response
to different IAA and kinetin concentrations elucidated several .

modes of organogenetic regulation (Section IV-2-ii-a). The

B s

conclusions drawn from the data are as follows:
1) The absolute concentration of kinetin is the most /

i#portant factor regulating vegetative shoot, nodule, and callus ot
‘ B

E;oduction (Figure 15). Vegetative shoot organogenesis only

occurred 'at kinetin concentrations greater than or equal to

10.6 M. Callus production on the other hand, basically only 1

occurred at kinetin concentrations less than or eéual to 10"6 M.

Propagation nodules only occurr3§ at kinetin concentrations

(:* greater than or egual to 10"5 M. (In each case, the auxin: o

¢
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cytokinin ratio was irrelevant, with one exception as discussed

below.) The absolute dependence on cytokinin for vegetative bud
v N ]

formation on tebacco leaf explants has also been demonstrated by

Gupta et al. (1966) and Mullins et al. (1976), as described in

Fa
the Literature Review (Section II-4). )
2) At 107° m kinetin, which supports both callus and

vegetative shoot. production, the IAA concentration also requlates

A

organogenesis. This could be concluded from the observation that
the number of explants forming shoots decreased with increasing

IAA concentration at 10—6 M kinetin. However, several possible,

nmodes of redulation could explain this phenomenon: a) At 10-6 M

kinetin, the mode of organogenetic regulation may be the auxin:

cytokinin ratio (e.g. Figure l6a), as established for many other

’

tissue culture systems (e.gl Skoog, 1970; also see Literature

6

Revigw). b) At 10 ° M kinetin, endogenous hormone concentrations

'

in the leaf disk explants are possibly exerting some regulatory -

1

effect on organogenesis in association with' the exogenous IAA.

6

concentration. c¢) At 10 ° M kinetin, IAA is counteracting tﬁe

. effect of kinetin to some extent, thereby reducing the effective

concentration of ﬁineﬁin. In this case, the mode or organét
genetic regulaéion is still a threshold mechanism doverned by the
absolute concentration of kinetin, as concluded in No. 1 above.
This could fully explain the decrease in vegetative organogenesis
witﬂ,increasing IAA concentration in the 107® M kinetin cultures.
This explanation also best fits other conclusions and .

observations from the data, as discussed below.
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3) IAA counteracts the effect of kinetin to some eitent.

[

. The evidence for this conclusion comes from several observatjons.’

*i) There, was low tissue viability and little de novo growth in

b

the 10-3 kfinetin cultures, except at the highest concentration of
IAr (Table 14). 1ii)  There was an increase in shoot devéloPment
with increasing IAA concentration in the ld-4 kinetin cultures
(Figure 13)-. iii)' Only 10-6 M kinetin or less supporéed callus
qrowﬁh, except at $he highest IAA concentrations in the 10"5 M

kinetin cultures (Table 14). | ’ !

-
. . 4) Kinetin induces vegetative shoot organogenesis, but L
. o -

PR S

inhibits its development (or perhaps certain aspects of

A ey S

development, such as leaf development). The evidence for this
conclusion comes in part from the leaf disk orientation results, -

as previously discussed. Further evidence was derived from the

(/fhormone manipulation studies: i) The degree of shoot

! ' development was a function of the kinetin concentration. The

- 10-? M kinetin cultures only developed shoot apices, the 1074 M

S

Y
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cultures developed microshoots, and the lO-S‘M cultures developed
g ) leafy vegetative shoots several centimeters long (Figures 12, 13,

i 14). 1In other words, the greater the kinetin concentration, the

Ay P

-less the degree of shoot development. ii} Assuming the
conclusion that IAA counteracts kinetin is valid, then further

E evidence that higher concentrations of kinetin inhibit 'shoot

development is given by the observation that in the 10—4 M

t

kinetin cultures, the degree of shoot development increased with

-
" it T 4 s ¥ e

increasing IAA concentration (Figure 13). This conclusion is
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also supported by the/work of Chih-hung et al. (1978).

5) The mode oé{regulation for root organogenesis combines
an IAA threshold effect with an auxin:cytokinin ratio effect.
Eviqénce for this conclusion is derived from two observations.

3 and 1074 M 1AM cultures, the frequency of root ,

i) In the 10~
organogenesis was proportional to the auxin:cytokinin ratio

(Figure 16b). ii) Only IAA concentrations greater than or equal !
4

to 10 M‘pérmitted root gréwth, in spite of appropriately-high,

auxin:cytokinin-®ratios at lower IAA concentrations (Figure 15)°%

This conclusion is supported by the work 5Ewggleman and Greyson:

(1977) who demonstrated the auxin requirement for root 6rgano-

genesis on tomato leaf disks, cultured on a cytdkinin-f}ee medium,,
These five conclusions and the modes of organogenetic(

regulation which are implied by these conclusions provide*

. .
significant insight into the study of organogenetic regulation.

,Dhe to the inherent homogeneity demonstrated in the leaf disk

system, it seems guite possible that this system‘could be used
for investigations even at the mol%cular 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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observations had certain limitations. Gﬁpta et al. used a
limited range of hormone concentrationg, a relatively more‘
complex medium (White's supplemented with coconut milk), and only
seedling leaves for explanting. Furthermore, their explanﬁs
included portions of the leaf midrib. Consequently, the tissue
composition of their explants were not Qruly comparable either to
the explants used in the work, for éﬁis thesis orAthose of other
published studies. The results reported by Gupta et al. were not
as quantitatively definitive as those reported in this thesis,
probably due to the greater .,complexity and lesser homogeneity of
their system (for reasons mentioned ahove).

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 they

did not test other concentrations of kinetin, nor use any auxin
in their medium, their work did not elucidate how growth
regulators effected regqulation of organogenesis, as reported
here. Their results were also not as homogenous and definitive
as in this thesis. The maximum organogenetic response they l
reported for any experimental condition was 85% of the disks
showing an average of 10 buds per disk. 1In 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
showed a great deal of variation dQue to plant imposed factors
(e.g. physiological stage, excision position, and disk

orientation, as described in the Literature Review, Section II-4)-
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" that was not apparent in the leaf disk system reported in this

,thesis. Since the system reported by Mullins et al. was } 3
| ’ } ”

evidently more complex and subject to multipleksources of

R

A‘ *
variation, their work was also not as definitiJe as that reported

<

here. Moreover, as in the work of Gupta et al., Mullins et al.‘

TR N

did not elucidate the mode of growth regulator action on the

9

regulation of organogenesis.

The work by Chih-hung et al. (1978) was the most andlogous

I

to that reported here, though the report was not available until

PO%, TN LR

S A e

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 stimulaEeq\bud ) é
formation whereas auxin promoted root formation, thus confirming %
‘part of the results reported here. Moreover, they experimentally g

.
established what was simply implied from observations reported g

here,'namely that cytokinin induces vegetative organogenesis but

retards its development. Specifically, Chih-hung et al. reported.

S oamt Fre ot

that cytokinin was only required for the first 5 to 6 days of

culture, and that subsequent removal accelerated shoot and root .o

reeeC

growth. However, neither Chih-hung et al., nor any previous
group working with tobacco leaf culture, reported the phenomenon

of nodule formation on tobacco leaf explants, or the definitive

effects of auxin and cytokinin in regulating organégenesis.

An interesting, though somewhat speculative, pbint for

discussion is the phenomenon of propagation nodules in the leaf

disk system.
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, Kohlenbach's 1977 review of somatic embryogenesis describes
how the presence of reduced nitrogen and hiéh auxin concentratian
(approximately 1079

of embryoids in Daucus cultures and produgtion of nodule-like

structures. The nodules in the Daucus cultures are deséribed as
being composed oé sméll superficial cells dense in cytoplasm and
latge vacuolated central cells. These nodule-like structures
develop numerous‘well-formed embryos if the auxin is reduced or
omitted. These embryoids can be cultivated into plants.-

Furthermore, these nodule-iike structures (called émbryogenic

clumps) can be propagated in*the‘presence of h;gﬁ auxin ° ; .

concentrations.

Kohlenbach's description of embryogenic clumps in Dducué
cultures bears striking similarity to the descripﬁion of
pr0paga£ion nodules produced on the tobacco leaf disk cultures.’
The medium producing the propagation nodules has the same
characteristic;, i.e. reduced nitrogen and high aﬁxin
concentration. The propagation nodules also often show the type
of histology described by Kohlenbach (preliminary histological
studies not reported in thisltheSis). Moreover, as reported in
the Results section, the propagation nodules can readily be
propagated (i.e. subcultured) on medium containing high auxin and
cytokinin concentrations.

However, preliminary histological studies (not reported in

this thesis) showed that the de novo shoots formed on the nodules

were definitely adventitious and were not embrycids. The shoots

M or greater) in the medium causes inhibition.
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were dniéolar structures open%y linked to the tissue in which
they were formed. Embryoids, on the other hand, are bipolar
structures with a closed radicular éole and no continuity‘with
surrounding tissue, according to the commgnly accepted definitioe

of embryoid as established by Haccius and Lakshmanan in 1969.

Nonetheless, it is still possible that the propaghtioﬁ npdule§ of |

the tobac%o leaf disk system are analogous to the embryogenic

clumps in systems such as that of Daucus.  Possibly, with

)

appropriate medium manipulation (e.g. removal of auxin) the
Y

propagation nodules could be induced to produce embryoids. .This

%Buld certainly be an interesting avenue for future studies.

s

Another interesting avenue of investigation to pursue with

Y €

the leaf disk system would be to more carefully test the system

for potential expression of floral organogenesis. The standaggr

’ . . . . , -4
concentrations of IAA and kinetin used in this work (10 and
A

10—5 M kinetin and 10—5

o

‘M IAA) are usually inappropriate for
floral organogenesis in tobacco tissue culture. For example,
Hillsoﬁ and LaMotte (1977) reported inhibition of floral organo=-
genesis (and stimulation of vegetative organogenesis) on stem

segments of tobacco at IAA concentrations greater than or equal

6

to 10°° M and kinetin concentrations greater than or equal to

1()'"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. 1In other words, even if the leaf disk system does

have potential for in vitro floral organogenesis, it probably
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cannot be expressed under the conditions standardly used in this

» research; namely, highﬁéuxin and éytokinid concentrations.
ﬁowever, it was shown in this thesis that lower IAA and ginetin
concentrations alone do not induce floral organogenesis on the
leaf disks (Section IV-2-ii-a). This doés not imply that leaf

> £

"tissue does not have the potential for in vitro expression of

floral organogenesis.

For instance, it is known that when the apex of a tobacco

.

plant becomes florally induced, the axillary buds below are

-

progressively induced to form floral branches. These same
axillary buds form vegetative branches if the tobacco plant is '
detopped before floral induction. Thus, the akillary buds are
vegetative until théy are induced to the flowering gtate by some
mechanism apparently transmitted progressively down the stem.

This mechanism is probably the basis for the gradient of in vitro

floral expression seen in stem cultures of Nicotiana tabacum L.

This mechanism, possibly a biochemical factor, is probably not
transmitted to the tobacco leaves, since florél organogenesis has
never been observed on leaf disk explants under the conditions
standard for floral organogenesis on stem explants. However, this
this does not imply that the leaf tissue would not be receptive

to this floral mechanism. For example, some 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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© could be applied to the leaf disk system. Since the leaf disk
culture described here.offers a ;js£em of vigorous, almost
synchronous, induction of vegetative apices (_i_._e;:_ the sgstgm
preduces hundreds of shoot apices per explant withg'.n a day or
two), the possible floral induction of these apices might érovide' ' M
a large population of apic?é simultaneously induced to the’ | -
fl%wering state in a strictly controlled, almost synchronous

»fashion. Such a system might be extremely useful in studies on

*
S

the molecular basis of floral induction.
/
‘The last point for discussion in this thesis is a

comparison of the epidermal and leaf disk systems, as studied

R L I

here. Both systems offer several advantages not.a\;A/ilabJ,e in

e, 4 %Y

many other tissue culture systems. To guote Thorpe (1978): .

’ Our knowledge of the physiology and biochemistry of
' . the organ-forming process is very limited. A major .
' problem in this area has been the lack of a truly ’ g
. . suitable experimental system for such studies; a N .
: - - common drawback of all callus organogenetic systems
. being the fact that only a few cells in the callus )
o ’ mass are directly involved in the organ~initiation
process. Furthermore, this process tends not to be
- X synchronous. Thus the presence of the dilution . )
’ ’ effect and asynchrony significantly reduces the ‘ 5
usefulness of callus for studies on the physioclogy B !
and blochemistry of organogenesis. . v

LR L s W

In 'this respect, both the leaf disk and epidermal explani;
systems offer the advantages of rapid, reasonably synchronous, -
homogenous (at least in Tran Thanh Van's reports of the epidermal
system) systems of organogenesis. However, even ignoring the
difficulties encountered in this research when attempting to

reprodﬁce Txan Thanh Van's work, the leaf disk system has certain
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"‘inherent advantages over the epidermal explant system. For

'instance, the latter obtains explants from an extfemelyﬁQMalL

portion of a mature tobacco plant (e.g. in Tran/TH%yh vVan's work
only the bases of floral branches of green—frult stage tobacco
plaqts are used), as compa;gd with the ;eaf disk system which
obtains explanté’from a major portion of a mature tobacco plant,
namely the leaves. Thuéf°hundred§ ofntobaqco plants would be
requited in the‘epidermal explant system toﬁsugply the same ~

‘"number of eX"Iants that a single. tobacco plant, could supply for

the leaf disk system. This aspect might be very important in

biochemical studies involving analysis for .endogenous subgtances

involved in organ formation. Such endogenous substances may_be
éresént in small amounts thus requirin§ large numbers of explants
at each otage of organ initiatﬁon and developﬁent. The extremely
high productivity of the leaf disk system wouid be a further
advantage in such a situation. i &

Furthermore, the difficulties eéncountered %n this research

in the attempts to reproduce Tran Thanh van's work are, in this

author's opinion, indicative of the instability of the epidermal

explant system. Homogenous explants are difficult to obtain
since the manual excision techniques cannot ensure the same
numbér of cell layers per explant and the variation observed in
the organogenetic expression indicates a very delicate balance

of factors involved in thearegulation of organogenesis. The ieaf
disk systefn on the.other hond, 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 physiologists
biochemists to reproduce for their specific needs.

lack of floral organogenesis in the system need not

175

and :
The apparent

be a i

!

deterrent, since, as already discussed, there are many p;oﬁising

avenues of research which could be explored.

3

Although one must agree with Everett et al. (1978) who

stated that, "It can be concluded that there is no one ideal

experimental’ system for hormone research", it does seem evident

that the leaf disk system described here offers unique advantages

for future study.
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"APPENDIX

Complete Yield Analyses of Epidermal Explant Experiments
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a b ¢ d e 4 g h i J
2 GF=SF 98 21 27 23 18 31 124 o=p
3 Bd-SF 54 91 20 ~80 T 8-p
Bd-M 54 100 - - 0
Bd-B 54 100 - ?j o = o
Fl=-FB 54 57 4% 57 24
. Fl«F 54 61 29 T 28
Fl-SF 54 174 43 57 15
Fl-M 54 98 o (100) 2
Fl-B 54 100 - - Q
GP-FB 54 26 50 50 37
‘GF-F 54 20 44 56 44
GF-SF 54 54 4 96 44 R
GF-M 54 67 83 17 6 .
GF-B 54 96 100 0 0
Total 918 79 42 58 12
5 GPF-FB 17 35 0 9 45 45 29 o-p
GPF~-F 18 28 0 38 38 2% 17
GP-sP 18 39 0 18 9 73 44
GP-M 18 33 0O 8 25 67 44
GF-B 18 50 0 44 33 22 11
Total 89 37 0 23 30 46 29
7 GPR-FB 90 2 3 2 74 20 20 o-p
GF=-F 90 9 2 9 84 5 4
\ GF¥=SF 90 4 1 10 8% 6 6
GF=M 90 14 4 25 62 9 8
GF-B 50 4 20 58 18 9
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continued.

Appendix
a D ) q e T g h i J
7 F1-F 63 5 2 15 83 ) O o=p
F1~SF 72 6 3 10 87 0 0
Fl-M 63 0 11 29 60 0 0
F1-B T2 6 9 22 69 0 )
Bd~SF 63 0 0 5 a7 8 8.
Bd-M T2 4 10 25 65 0o 0
Bd~B 45 4 2 21 77 ) 0
Total 900 10 4 15 75 6 5
8 GF-FB 20 0-10 0 0 callus: 100 90+ o=-p/alc
GF~F 20 0=-10 0 0 " 90+
Total 40 0-~10 0 0 " 90+
g GF-FB 18 O 17 © 22 11 50 50 o-p/alc/ep-up
GF-F 18 6 0 12 6 82 78
GF-SF 18 0 0 72 0 28 28
Total 54 2 6 36 6 53 52
10 GF-FB 36 3 0 0 9 91 89 o-p/alc/ep-up
GF-F 36 11 0 3 6 91 81
GF-SF 72 1. 0 3 15 82 81
GF-M 72 7 0 9 40 51 47
GF-B .54 41 0 12 50 38 22
F1~-FB 36 0 0 1 11 78 78
F1-F 36 6 0 3 18 79 75
F1-SF 54 7 0 12 20 68 63
F1-M 54 24 0 37 24 39 30
Fl1-B 36 53 0 53 0 47 22
Ba-SP 36 11 Q 0 28 72 64 .
Bd-M 36 0 0 6 58 36 36
Bd-B 36 22 0 0 25 75 58
Total 594 14 0 10 25 66 56
12 GF-FB 18 O 6 22 11 61 61 o=p/ale/ep~up
GP-F 18 6 0 35 12 53 50
GP-SF 18 6 0 12 18 1 67
Total 54 4 2 23 13 62 59
13 GF-FB 18 0 17 o] 83 83 o=-p/alc/ep-up
GP-F 18 0 0 6 94 . 94 :
GP-SF 18 0 o 6 94 94
GF-M 18 0 0 17 83 83
GF-B 18 6 0 24 76 72
F1-FB 18 ) 0 0 100 100
Fl-F 18 6 6 0 94 89
F1-SF 18 0 0 0 100 100
F1-M 18 0 0 17 83 83
F1-B 18 0 11 33 56 56
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| continuéd.

Appendix

a b c d e h ¢ £ h i J

1% Bd~SF 18 0 0] 17 83% 83, o-p/alc/ep-up
Bd-M 18 0 6 56 39 39 )
Bd-B 18 0 L0 61 39 39
Total 234 1 3 18 79 78

14 GF-FB 36 0 19 0 17 64 64 o-p/alc/ep-up/
GF-F 36 0 17 25 36 22 22 thin :
GPF-SF 36 8 39 36 12 12 11
GF-M 36 0] 64 14 19 3 3
GF-B 36 25 37 15 33 15 11
F1-FB 36 0 0] 3 19 18 T8
Fl-F 36 o 6 31 25 39 39
F1-SP 36 0 3 19 44 33 .33
Fl-M 36 0 39 . 44 8 8 8
Fl1-B 36 3 49 23 23 6 6
Bd-SF 36 0 3 47 28 22 22
Bd-M 36 0 53 42 6 0 0
Bd-B . 36 3 49 17 . 26 9 8
Total 468 3 29 24 23 24 24

15a GF-FB 36 -0 17 35¢ﬂw 17 31 31 o-p/ale/ep=up
GF-F 36 3 3 69 23 6 6 :
GF-SF 36 0 6 42 33, 14 14
GF~M 36 0 0 86 11 2 3
GF-B 36 0O 44 36 11 8 8
Fl=-FB 36 6 0. 44 26 32 31
Fl-F 36 0 0 53 14 33 33
Fl-SF 36 0 3 50 25 22 22
Fl-M 36 o 0 89 8 3 -3
F1-B 36 0 33 4T 14 0 0
Bd-SF 36 ' 17 0 0 33 67 56
Bd-M 36 6 o] 38 41 21 19
Bd-B 36 17 3 43 33 20 17
Total 468 4 9 49 22 20 19

15 GF=-FB 18 6 18 82 0] 0 0 o-p/ep~-up/thin/
GF-F 18 0 6 72 22 0 0 . ale
GF-SF 18 0 0 89 11 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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aAﬁpendixi coniinued.
a b c d e £ g h i 3
15b GP-FB 18 11 6 94 0 0 0 o-p/ep-up/thin
'GF=F 18 6 35 65 0 0 0
GB:SF 18 6 0 88 12 0 0
M 18 11 6 94 0 0 0
GF- 18 33 67 33 0 0 0
Total 90 13 21 T7 3 O . O0-
Bd-SP - 18 6 0 . O 24 76 - 72 o=p/ep-up/thin/
Bd-M 18 0 0 56 33 11 11 ale
Bd-B 18 6 24 18 41 18 17 J
Total 54 4 8 25 33 35 33
Bd-SF 18 ) 0 11 50 39 39 o-p/ep-up/thin
Bd-M 18 6 0 59 35 6 6
Bd-B 18 22- 1421 50 14 11
Total 54 9 4 39 45 20 19

*Key to Abbreéiationa: GF: explants excised from green-fruit stage
tobacco plants; Fl: explants excised(from flowering tobacco plants;

Bd# explants excised from floral bud stage tobacco plants;
+ FB

¢ explants excised from the base of floral branches; F: explants
excised from the floral region of the tobacco stem; SF: explants
excised from the sub=floral region of the tobacco stem; M: explants
excised from the middle region of the tobacco stem; B: explants
excised from the basal region of the tobacco stem; o-p: explants
excised from open-pollenated tobacco plants; s-p: explants from
self-pollenated tobacco plants; ep-up: explants plated epidermis
up; alc: use of alcohol treatment during the“sterilization
procedure; thin:explants cut thinner than usual
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