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(ABSTRACT)

De novo shoots, roots, and flower buds were regenerated on thin cell layer explants ex-
cised from pedicel tissue of tomato. Direct shoot organogenesis was greatest when media
contained 10uM kinetin and 0.001uM indole-3-acetic acid (IAA); however, shoot re-
generation was increased in subsequent experiments by substituting 10 uM zeatin or 10
uM benzyladenine for kinetin. Root formation occurred when media contained higher
(0.1 and 10uM) auxin concentrations. Flowers were formed on elongated shoots with

several leaves when media contained 10uM IAA and 0.1uM Kkinetin.

Competence for de novo shoot morphogenesis was tested on thin cell layers of eleven
tomato cultivars. All tomato cultivars formed shoots directly on thin cell layer explants
at varying frequencies (29%-63%). The mean number of shoots per explant was greatest
for ‘Large Red Cherry’, "Ohio 7814" and '‘BL 6807’, and poorest for ‘Campbell 1327" and
‘Red Alert’. Active cell divisions were observed in subepidermal cells during the first
week of culture, and meristematic centers of dividing cells were evident after 2 weeks.
Well developed shoot apices were observed on 50% of the explants 4 weeks after culture

initiation.



Shoot morphogenesis was compared among tomato plants placed into micropropa-
gation, callus, and thin cell layer tissue culture systems. More shoots were produced on
thin cell layer explants than on cotyledon calli, or micropropagated shoot tips. Genetic
recombination rates and map distances were compared among hybrid plants grown in
the greenhouse and regenerated from the aforementioned tissue culture systems. In-
creased recombination rates and map distances were detected between the sunny (sy) and
baby leaf syndrome (bls) genes on chromosome 3, and between the white virescence (wv)
and anthocyanin reduced (are) genes on chromosome 2. The percent change in the for-
mer ranged from 4.5%-5.9% for micropropagated shoot tips, 3.7%-8.5%, for plants from
cotyledon calli and 2.8%-5.9% for plants from thin cell layers. The percent change be-
tween the wv and are loci ranged from 4.5%-6.1% for micropropagated shoot tips, and
3.2%-5.0% and 3.9%-5.7% for plants from cotyledon calli and thin cell layers, respec-
tively. Conversely, a decreased map distance was observed between bls and the
solanifolia (sf) locus which is more distal to the centromere on the same arm of chro-
mosome 3 as bls. Changes in recombination rates among plants regenerated from tissue
culture may result from an influence of the tissue culture process on meiosis of regener-

ated plants.
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Chapter One: Introduction

While discussing my research intentions with friends outside the field of horticulture, one
question ineffably arises, “Why tomato?” The first time I encountered this question my
response was; “Because tomato is an important horticultural crop.” Being completely

dissatisfied with this response, I decided to search for more valid answers.

The tomato is indeed an important horticultural crop. In 1986, 158,799 hectares were
contracted for tomato production in the US (USDA 1986). The yield for fresh market
tomatoes was 1,424,360 metric tons and 7,386,035.07 metric tons for processing. Total
crop production was greater for tomato (8,810,395 metric tons) than for sweet corn
(2,293,077 metric tons) or peas (375,117 metric tons). The monetary value of the 1986
tomato crop was more than $1.4 billion. Florida produced 50.4% of the fresh market
tomatoes (15,830,000 cwt!) valued at $490,730,000, and California produced 88% of the

processing tomatoes (5,877,650.24 metric tons) valued at $403,076,000.

! hundred weight
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The tomato also has several attributes which make it an exceptional plant for genetic
study and tissue culture research (Hille et al. 1989). Tomatoes are basically diploid in
nature with few triploid or polyploid species (Stevens and Rick 1986). The cultivated
tomato is also a true breeding species which makes it attractive for breeding purposes.
Linkage maps of physiological, enzymatic (allozymes), and restriction fragment length
polymorphism (RFLP) loci are readily available, and a wide variety of genetic lines (in-
cluding mutants) can be obtained from the Tomato Genetics Cooperative in Dayvis,
California. Mutant types include variations in leaf morphology and physiology, flower
shape and morphology, fruit shape and color (degree of fruit ripening), male-sterility,

anthocyanin production, and plant height.

The availability of wild species is also attractive for the incorporation of disease and
nematode resistance, increased water use efficiency, increased cold tolerance, and in-
creased soluble solids. However, the ability to incorporate these traits through sexual
crosses has been difficult at times because of incompatibility barriers that exist between
Lycopersicon esculentum and wild Lycopersicon species in the peruvianum complex
(Steven and Rick 1986). The development and use of tissue culture techniques such as
embryo culture (Smith 1944) has helped to traverse some of these barriers, but much

wild germplasm is still uriobtainable because of sexual incompatibility barriers.

The tomato has been actively researched from a tissue culture stand point with success-
ful shoot regeneration occurring from cotyledon (Sibi et al. 1984) and leaf explants
(Evans and Sharp 1983; Padmanabhan et al. 1974), and leaf mesophyll protoplasts
(Shahin 1984; Neidez et al. 1985; Tan et al. 1987). Tomato cell cultures have also taken

a short trip into space (Schutae et al. 1987).
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Genetic transformation has been successful in tomato by cocultivation of leaf discs with
Agrobacterium tumefaciens (Horsch et al. 1985). Tobacco mosaic virus (TMYV) resistance
has recently been incorporated into tomato in a similar fashion. Nelson et al. (1988) have
incorporated a gene which codes for the TMV virus coat protein into the tomato
genome via recombination during cocultivation of tomato leaf disc with Agrobacterium.
The transformed plants expressed the TMV coat protein and were less susceptible
(26-35%) to viral infection. The expression of this gene had no influence on tomato

growth or yield of plants grown in the greenhouse or field.

Even with this illustrious background, the regeneration of tomato organs from thin cell
layers has yet to be reported. By developing a system which would allow de novo flower
regeneration from tomato thin cell layers, greater insights into tomato flower initiation
and development may be achieved. In the same right, developing techniques for de novo
shoot formation on tomato thin cell layers may offer a more efficient shoot regeneration
system for genetic transformation similar to that developed by Charest et al. (1988) for
Brassica napus. Therefore, the major emphasis of this research was to develop tech-
niques which would promote the regeneration of de novo floral buds and shoots on to-

mato thin cell layers.
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Chapter Two: Factors that Influence Thin Cell Layer

Morphogenesis

Introduction

One purpose of plant tissue culture has been to propagate or clone large numbers of
superior plant species more rapidly than by traditional propagation methods. This is
generally done by utilizing meristems, buds or shoot tips as explants. By supplying op-
timal concentrations of plant growth regulators (PGR), these explants form shoots that

can be rooted to form complete plants.

Thin cell layers (TCL) consist of the epidermis plus 1-5 layers of subepidermal tissue
(excluding cambium), and are about 2x10 mm in size. Because of their small biomass,
TCLs contain lower levels of endogenous plant growth regulators and other regulating
substances than larger explants. Therefore, desired morphogenic patterns can be con-

trolled in the TCL system that may not be controllable at the whole plant level.
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The flexibility of the TCL system has been demonstrated utilizing tobacco (Nicotiana
spp.). By manipulation of the auxin-cytokinin ratio, different morphogenic patterns such
as floral buds, roots, vegetative buds, and callus can be obtained in a short period of

time (Tran Thanh Van 1973b). Some additional features of TCLs include:

1. tissues respond uniformly under inductive conditions;

2. multifactor experiments can be conducted simultaneously;

3. explants are physiologically and genetically homogeneous;

4. exogenously applied PGRs and other morphogens are able to reach the target tis-
sues without interference from other plant organs;

5. information gained could be related to larger explants;

6. results may be comparable to whole plants.

De novo organs develop from single, differentiated parenchyma cells that must dediffer-
entiate to form meristematic centers, and then differentiate into the desired tissues and
organs (Thorpe and Biondi 1981). De novo organs can form directly on the explant
without prior callus formation, thus reducing the chance of chromosomal aberrations

that may occur during a callus phase.

When comparing de novo flower production in vitro to flowers that arise on whole plants,
Tran Thanh Van (1981) observed an average of 20-50 flowers on each tobacco (N.
tabacum ‘Samsun’) TCL, whereas 30-60 flowers were produced on whole plants. As-
suming that de novo flowers mature into normal fruit and that the cost of producing
flowers in vitro is not prohibitive, a greater amount of fruit and seed may be produced

in vitro per square meter of growing space.
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Studies on de novo flower formation on TCLs have led to the confirmation of the floral
morphogenic gradient theory (Tran Thanh Van 1973a), the discovery of lower cellular
levels of isoperoxidases (Thorpe et al. 1978), increased DNA content in tissues from
floral regions of tobacco (Wardell and Skoog 1973; Altamura et al. 1987), the discovery
of a specific gene family expressed during in vitro flower formation (Meeks-Wagner et
al. 1989), and the effects of plant growth regulators, light and sugar sources on flower
production in vitro. By expanding the number of species competent for de novo organ
production, greater insight into factors that control morphogenesis in vitro may be

achieved. This may lead to a greater understanding of morphogenesis in general.

Literature Review

A majority of the thin cell layer literature focuses on de novo flower bud formation.
However, only Cichorium, Nicotiana, and Torenia have been reported to undergo de novo
floral bud formation. The following review concentrates mainly on factors that control
de novo flower bud production on tobacco TCLs and concludes with a segment on de

novo shoot production.
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De Novo Floral Bud Production

Explant Source

A morphogenic gradient has been demonstrated in tobacco plants in vive and in vitro.
Aghion-Prat (19695) first demonstrated the existence of a floral morphogenic gradient in
vivo by injecting plants with Agrobacterium tumefaciens. She reported that tumors form-
ing near the apex developed flower buds while tumors arising near the base formed

vegetative buds.

Tran Thanh Van (1973a) later illustrated a morphogenic gradient utilizing TCLs.
Explants were collected from the base, median zone, subfloral zone and inflorescences
of greenhouse grown tobacco (N. rabacum L. "Wisconsin 38°) plants. The results were
dramatic; 100% vegetative bud formation occurred on basal explants, 75% vegetative
and 25% floral buds on TCLs collected from the median zone, 38% vegetative and 62%
floral buds from the subfloral zone explants and 100% flowering on inflorescence
explants. In the latter, a range of 7-30 floral buds per explant was observed. De novo
flower bud formation occurred approximately 14-21 days after culture initiation without
prior callus formation, and matured to approximately the same size and quality as to-
bacco flowers found in the greenhouse. In contrast, Bridgen and Veilleux (1988) ob-
served that in vitro flower buds on tobacco (N. tabacum ‘Samsun’) TCLs were smaller
than in vivo flowers, and that in vitro flowers varied in anther and pistil number. There-
fore, differences in response and the size of de novo floral buds may exist between to-

bacco cultivars.
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A floral morphogenic gradient has also been illustrated within the tobacco inflorescence.
Croes et al. (1985) observed that flowering on tobacco TCLs was greater in explants
obtained from the apical portion of the inflorescence. Flower formation was optimal
when explants were collected 1 day before or after anthesis. Mulin and Tran Thanh Van
(1989a) observed that shoots arising on the basal end of TCL explants of Nicotiana
plumbaginifolia and partial somatic hybrids between N. plumbaginifolia and Petunia
hybrida exhibited juvenile leaf morphology, whereas shoots originating from the apical
portion of TCL explants exhibited mature leaf morphology similar to flowering plants.
Shoots derived from the apical portion of the explants of both genotypes rooted and

formed flowers in vitro after two to three months.

A polyamine gradient has been illustrated in flowering tobacco plants. Tiburcio et al.
(1988) observed an increase in polyamine levels from the main axis to the peduncle in
flowering tobacco, but not in the same tissue in fruiting tobacco. Spermidine was the
predominant polyamine in all tissue with putrescine being secondary. Spermine was de-
tected only in trace amounts. In addition, Apelbaum et al. (1988) observed that tobacco
TCLs formed flowers when 0.5 mM spermidine was added to a medium designed to

stimulate vegetative buds.

The presence of a DNA gradient was discovered in tobacco by Wardeli and Skoog
(1973). They reported that the amount of DNA per gram fresh weight was greater in
stem segments collected from tobacco (N. tabacum "Wisconsin 38”) inflorescences than
stem segments collected from the base. They concluded that the ability for floral ex-
pression of stem segments in vitro depended on the quantity and synthesis of DNA in
the tissue. Cytophotometric analysis of tobacco (N. rabacum 'Samsun’) TCL explants

by Altamura et al. (1987) confirmed the presence of an acropetal DNA gradient. Indi-
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vidual nuclei of TCLs derived from the subfloral zone possessed the 2C DNA content,
whereas the DNA content of nuclei collected from TCLs originating from the- basal and
median zones was reduced by 38.74% and 16.22%, respectively. The DNA content of
nuclei derived from floral branches was 27.93% greater than TCLs from the subfloral
zone. The increase in DNA content of the latter was attributed to an amplification of
medium and highly repeated DNA sequences. They concluded that variations in DNA
content corresponded to the capability of TCL explants to differentiate floral buds, and
the loss of DNA in the basal and median regions reduced morphogenic competence of

those tissues.

Later, Meeks-Wagner et al. (1989) observed the presence and expression of a gene family
specific to de novo floral bud development. The activity of this gene family was first
detected 7 days after culture initiation. A cDNA probe was constructed from mRNA
of this gene and hybridized in situ with mature and juvenile tobacco plants grown from
seed. They found that the gene was expressed in prefloral and floral meristems of mature
tobacco plants, but was not expressed in juvenile plant tissue. They deduced that the
activity of this gene is not restricted to TCL explants, but also occurred in vivo and is

involved in flower formation in both instances.

A gradient in isoperoxidase activity has also been identified in tobacco by Thorpe et al.
(1978). They observed that isoperoxidase activity in tobacco increased basipetally in
both vegetative and flowering plants, and that TCLs from vegetative plants were higher
in peroxidase activity than explants from flowering plants. They observed that changes
in isoperoxidase activity preceded organogenesis, and that this could be used as a marker
to detect differentiation. They recommended that explants from the apical region of

flowering plants be chosen because of decreased isoperoxidase activity.
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The above examples illustrate that many factors play a decisive role in determining
morphogenic competence in whole plants and on thin cell layers. The area from which
explants are derived, apex or base, may determine if shoot regeneration or floral
organogenesis is to occur. Media formulations alone may not control tissue response,
but the genetic competence of the tissue and the concentration of endogenous growth
substances such as gibberellins or polyamines may determine the morphogenic response.
Therefore, to obtain the desired morphogenic response from TCL explants, it is neces-
sary that the experimenter be aware of these factors, and select the most favorable tissue

for inoculation.

Explant Structure

The physical structure of the explant has been demonstrated to be very important in
morphogenic competence on TCLs. Chlyah (1974a) compared Torenia fournieri L.
TCLs to explants that consisted of the epidermis alone, subepidermal parenchyma alone,
stem segments minus epidermal tissue, and excised epidermal tissue replaced on the same
segment. Only TCLs were capable of direct bud or root morphogenesis without prior
callus formation. Excised epidermal tissue replaced on the stem segment did regenerate
buds, but only after callus formation. Tissues cultured without the epidermis formed
roots. Organ formation was not observed when the epidermis was cultured alone.
Therefore, explants (TCLs) which consist of the epidermis plus several layers of
subepidermal tissue are necessary for organogenesis in vitro without prior callus forma-

tion.
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Auxin

The response of tobacco TCLs to exogenously applied plant growth regulators in sum-
marized in Table 1. Auxin is required for in vitro flower bud formation in Plumbago
indica L. (Nitsch and Nitsch 1967), Aquilegia formosa Fisch. (Bilderback 1972), and to-
bacco (Nicotiana tabacum L.) (Wardell and Skoog 1969a). Auxin concentrations ranging
from 0.1-2.2uM promote floral bud initiation (Wardell and Skoog 1969a; Tran Thanh
Van and Trinh 1978; Cousson and Tran Thanh Van 1981; van den Ende et al. 1984a;
Smulders et al. 1988a) on tobacco TCLs and stem segment explants (Table 1). Higher
auxin concentrations have led to callus formation and reduced organogenesis. Similar
observations have been reported for Begonia rex (Chlyah and Tran Thanh Van 1975),
Petunia hybrida (Mulin and Tran Thanh Van 1989b) and Torenia (Chlyah 1973). On
examining flower bud initiation and development, van den Ende et al. (1984b) observed
that floral bud initiation was greatest when media contained 0.1 uM naphthaleneacetic
acid (NAA), but floral bud maturation progressed faster at 1 uM NAA. They suggested
that the former NAA concentration be used for floral bud initiation, and that when
flower buds become visible microscopically, they should be transferred to the latter me-
dium for further development. Generally, the experimenter should test a range of auxin

concentrations to identify the optimum for flower formation of each species.

The effects of different auxins on in vitro flower bud formation on tobacco TCLs has also
been studied. Heylen and Vendrig (1988) observed that flower formation was greatest
when media contained NAA or a-(3-chloro-o-tolyl)acetic acid (CTA) compared to
indole-3-acetic acid (IAA) or indole-3-butyric acid (IBA). Flower formation decreased
when 2,4-dichlorophenoxyacetic acid (2,4-D) was used. Inflorescences in addition to

single flowers were observed when CTA or NAA was the auxin source. Croes et al.
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