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ABSTRACT.

The production of new rose cultivars by sexual crossing is problematic and time
consuming due to sexual incompatibility, the failure of seeds to germinate, and to a
limited gene pool. Biotechnology provides an obvious alternative for the creation of
genetic novelty in rose. This thesis focuses on the development of novel approaches,
based on embryo rescue. pollen cryopreservation. protoplast and transformation

technologies.

A reproducible embryo rescue technique was developed in which embryos were excised
and germinated on agar solidified medium containing a basic salt mixture and
carbohydrate. The choice of carbohydrate and the growth conditions employed were
demonstrated to markedly affect the percentage germination and subsequent plantlet
development. This technique was used to greatly increase the production of F; hybrid

progeny when compared to conventional germination methods.

The failure of sexual crosses between several English rose cultivars was shown to be
due to a combination of low pollen viability and to the operation of a pollen-style
incompatibility mechanism (probably of the gametophytic self-incompatibility type).
Degree of flower opening and method of pollen dehiscence were shown to significantly

affect pollen viability.

A technique was developed for the effective cryopreservation of English rose pollen.
Using this technique it was possible to store pollen at ultra-low temperatures without
any significant loss in viability. Such a technique compared favourably with
conventional techniques (refrigeration and freezing) in which a loss in viability over ime

was demonstrated to occur.
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In vitro shoot cultures of English rose were established on MS-based media containing
BAP. GA3z and NAA following the treatment of explants with an antioxidant solution to
negate the effects of phenolic oxidation. The production of callus was shown to be
genotype dependant and lacked regeneration potential. Rhizogenic responses were

observed in leaf discs of two cultivars however shoot regeneration was not observed.

Using a variety of enzyme mixtures it was possible to isolate protoplasts from both in
vitro leaf material and from cell suspensions. Both mesophyll and cell suspension
derived protoplasts were cultured to a microcallus stage. Plating density., growth
regulator concentration and the use of antioxidants were all demonstrated to have a
significant affect on the protoplast plating efficiency. Rhizogenesis was achieved from

mesophyll protoplast-derived calli.

Protoplasts, sometimes labelled with a fluorescent marker, were subjected to both
chemical and electrofusion. Using micromanipulation, heterokaryons. formed during
electrofusion, were recovered. Such heterokaryons, when cultured, underwent division
and formed microcalli which subsequently developed into calli. The hybrid nature of

such calli were confirmed by isozyme analysis, determination of ploidy level and RAPD

analysis.

The introduction of a plasmid containing a gus marker gene into zygotic embryos of
English rose was shown to be possible. This was achieved by microprojectile-mediated
DNA delivery using a laboratory built electrical discharge device. The efficiency of this
technique was influenced by the concentration of microprojectiles and DNA used. and

by firing distance and choice of DNA construct.

The relevance of this study and its applications, in the context of rose breeding, are

discussed.
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CHAPTER 1.

General Introduction.

1.1 Tissue culture of woody species: an update.

The successful tissue culture of woody species is not a new development. In 1940,
Gautheret cultured cambial tissues derived from trees, using newly discovered growth
promoting auxins (Gautheret, 1940). Jacquoit (1949) investigated bud differentiation
from cambial explants of several tree species, whilst Ball (1950) studied bud
differentiation in cultured shoot tips of Sequoia. Shortly afterwards, the discovery
and synthesis of cytokinins by Miller et al. (1955) enabled commercial
micropropagation to become possible. Populus tremuloides was probably the first
woody species to be cultured successfully, with both roots and shoots being
regenerated from callus (Mathes, 1964). This concept for micropropagation then
extended rapidly to include many other woody species, including ornamentals such as

Rhododendron (Anderson, 1975).

Micropropagation has become an important technology for the multiplication of
several species of woody plants, because it enables the rapid production of large
numbers of uniform plants under highly controlled conditions. In the USA alone, the
annual production of woody plant propagules for the nursery trade, using in vitro
techniques, is in excess of 30 million per year, with a market value of approximately
US $15 million. However, the market for woody plants is small when compared to
other agricultural sectors (eg., the market for hybrid seed maize in the USA is US
$1.5 billion per annum; Einset, 1991). The relatively restricted market for woody
species, and the fact that many such species are still relatively recalcitrant in tissue
culture, has resulted in much attention being focused on simple plant
micropropagation, with little or no attention, until recently, being paid to more
sophisticated and demanding aspects of tissue culture. The latter include the

production of somatic embryogenic calli, the efficient isolation of, and plant



regeneration from, protoplasts and their genetic manipulation via transformation and
cell fusion technologies. Recently, plantiets have been recovered from various organ
and tissue explants, either via somatic embryogenesis, or by the formation of
adventitious shoots, as demonstrated for several timber and fruit tree species (James,
1987; Valobra and James, 1990; Jones, 1992). Since the first example of the
successful regeneration of plants from mesophyll protoplasts of paper mulberry
Broussonetia kazinoki (Oka and Ohyama, 1985), regeneration has been achieved from
protoplasts for an increasing number of of woody plant species. These include Citrus
(Sim et al., 1988), several temperate Rosaceous top-fruit species such as pear (Ochatt
and Power, 1988a) and apple (Patat-Ochatt ez al., 1988), as well as important forest
tree species, including poplar (Russell and McCown, 1988) and conifers, such as

Picea glauca (Attree et al., 1989).

The regeneration of adventitious shoots through tissue culture often results in the
emergence of heritable mutations, known as somaclonal variation (Peschke and
Phillips, 1992). However, only a small proportion of such variation will be useful.
Somaclonal variation was first detected in a woody species by Lester and Berbee
(1977), who observed variations in the height, branching and leaf traits of regenerated
poplar plants. The ability of a plant to resist atttack by pests and/or disease is also
often changed by somaclonal variation. Prakash and Thielges (1989) detected both
enhanced and reduced resistance to the leaf rust pathogen Melampsora medusae in
regenerated plants of Populus deltoides (Eastern cottonwood). Peach plantlets
exhibiting enhanced resistance to the bacterial pathogen Xanthomonas campestris var.
pruni have arisen as a result of somaclonal variation (Hammerschlag, 1988), as have
apple trees resistant to Erwinia amylovora , the causal agent of fireblight (Donovan,
1991). Salt-resistant somaclones have been obtained from explants and protoplasts of
the cherry rootstock 'Colt' (Ochatt and Power, 1989) and from protoplasts of Citrus

sinensis (Ben-Hayyim and Goffer, 1989).



Despite rapid advances in recent years, it is clear that the success of many
biotechnological techniques are genotype-dependent. For instance, Roest and
Gilissen (1993) reported that the regeneration of protoplasts is very much species
dependant, with protoplasts from different species having extremely different
requirements for regeneration; some fail to undergo shoot regeneration despite being
subjected to a range of treatments that have been shown to be effective for protoplasts
of other similar species. Although limited investigation into such effects has been
attempted with non-woody species (Koorneef et al., 1987; Cheng and Veilleux,1991),
such techniques will generally remain restricted to responsive genotypes until the
cause has been accurately determined and, more importantly, can be overcome.
Inevitably, this severely limits the number of woody plant species which can benefit

from these techniques.

Juvenillity is a major problem with most woody plant species as they have prolonged
juvenille periods prior to the production of flowers, fruits and/or marketable
quantities of wood. Current methods in woody plant biotechnology almost invariably
rely on embryonic or juvenille seedling tissue for experimental material, with mature

material failing to respond to most biotechnological approaches (Paton, 1991).

1.2 Tissue culture for genetic engineering of woody species.

1.2.1 Somatic hybridisation.

The availability of a reliable protoplast-to-plant system is an essential prerequisite for
the production of somatic hybrids. Such a system will include a method for
consistently isolating and culturing protoplasts, an efficient protoplast-to-plant
regeneration system, and a method for identifying/selecting any somatic hybrid
material that is produced, either prior to or post regeneration. The usefulness of
protoplast fusion as a means for the genetic improvement of plants has been reviewed
by Pental and Cocking (1985). Woody species are ideal candidates for the

application of protoplast technology, since improvement by conventional methods is



restrained by their complex life-cycles. These features make conventional breeding
methods lengthy and difficult because desirable genes from one plant cannot be
introduced into another by sexual crossing due to natural incompatibility barriers.
Where sexual crossing is posssible, the long juvenille phase often means that it is
generally many years before it can be determined whether or not the progeny of a

particular cross is, in fact, improved when compared to the parent(s).

The relatively low number of protoplast-to-plant systems in woody species is
reflected in the low number of somatic hybrid plants that have been produced to date.
Species of the family Rutaceae provided the first examples of the successful recovery
of woody somatic hybrid plants. Ohgawara er al. (1985) and Grosser et al. (1988)
reported the somatic hybridisation of Citrus sinensis with Poncirus trifoliata, two
sexually compatible genotypes. The majority of somatic hybrids produced between
woody plants have been between Citrus species and their close relatives (Grosser et
al., 1990). This success reflects the relative ease with which plants can be
regenerated from Citrus protoplasts. With the exception of Citrus, the only other
somatic hybrid that has been produced in woody species, has been that between wild
pear (Pyrus communis) and 'Colt' cherry (Prunus avium x pseudocerasus) (Ochatt et

al., 1989a). The somatic hydrid that was produced was pentaploid, and researchers
have suggested that it may prove useful as a multipurpose rootstock for both pear and

cherry scions.

It is clear that until techniques for the regeneration of plants from protoplasts of
woody species is improved, the scope for somatic hybridisation will be limited.
However, the examples already described clearly illustrate that where a protoplast-to-
plant system is available, somatic hybridisation, via protoplast fusion, can play a rdle

in the breeding strategies for woody species.



1.2.2 Genetic transformation.

Genetic transformation involves the introduction of foreign genes into the genome of
recipient cells, followed by the recovery from those cells, of plants which stably
express the foreign gene. Ideally the gene should be be heritable through sexual
crossing and/or vegetative propagation. At present, it is usual to introduce into the
recipient genome not only a desired foreign gene, but also a suitable marker gene.
The latter enables transgenic plants to be descriminated from non-transformed plants.
Transformation offers great potential for the improvement of woody plants.
However, success in achieving stably transformed plants has been minimal, mainly
due, again, to problems associated with the regeneration of plants and their
recalcitrance in tisssue culture. The two main methods of transformation that have
been attempted with woody species are the use of Agrobacterium as a gene vector

and/or the direct uptake of foreign DNA into regenerable plant protoplasts.

A comprehensive study of the susceptibility of woody plants to Agrobacterium has
not been undertaken. De Cleene and De Ley (1976), in an attempt to determine the
host range of wild-type strains of A. tumefaciens, noted that the bacterium would
infect some conifers, such as Picea abies and Pseudotsuga menziesii, and woody
angiosperms such as Alnus rubra and Prunus domestica. However, since this survey,
the number of woody species found to be susceptible to infection by Agrobacterium
has increased. There are several publications which report the use of agrobacteria to
produce transformed tissues of woody plants. These include poplar (Parsons e al.,
1986), Loblolly pine (Sederoff et al., 1986), alder (Mackay ef al., 1988) as well as
the production of the first genetically transformed top-fruit tree species, Malus pumila
Mill, containing the nopaline synthase (nos) and neomycin phosphotransferase (npt
II) genes, folowing co-cultivation of leaf discs with A. rumefaciens (James et al.,

1989).



A. rhizogenes has also been used to stimulate the rooting of woody species in vitro
when the production of roots has proved difficult. Strobel and Nachmias (1985)
showed an enhanced rooting of almond by inoculating bare rootstocks with A.
rhizogenes. The development of roots from the A. rhizogenes infected plants was
greatly increased when compared to un-inoculated controls and also to plants
inoculated with the non-pathogenic species A. radiobacter. Increased rooting was
also induced in kiwifruit (Actinidia deliciosa var. Hayward) following the stable
insertion of the A. rhizogenes rol genes A, B and C, which are responsible for the
induction and maintainance of the hairy root phenotype (Rugini ef al., 1991). In the
experiments of Rugini et al. (1991) transformation was effected by the co-cultivation
of leaf discs with A. rhizogenes strain LBA 4404. Shoots which were regenerated
from leaf-derived callus displayed NPT II activity and had shorter internodes and
wrinkled green leaves characteristic of the Ri phenotype. Cuttings taken from the
regenerated shoots exhibited an increased ability to undergo rooting, compared with

non-transformed, control plants.

The limited susceptibility of many woody plant tissues to infection by
Agrobacterium, and the inability to regenerate adventitious shoots, even when
transformation has been successful, has led to methods for direct gene transfer into
protoplasts being adopted in an attempt to produce stably transformed plants. The
production of transformed plants by direct gene uptake into protoplasts, mediated
either by high voltage electrical pulses (electroporation) or by polyethylene glycol
(PEG) treatment, relies on an efficient protoplast-to-plant system being available. An
increase in the number of woody species that can be regenerated from protoplasts has
consequently led to an increase in the number of species that may be transformed
using these techniques. To date, the number of woody plant species that have been
transformed using this method remains small, and is restricted to fruit trees,
particularly Citrus sinensis (Kobayashi and Uchimiya, 1989) and C. jambhiri (Vardi

et al., 1990). In the latter, the chloramphenicol acetyltransferase (car) gene was



introduced into protoplasts by PEG-mediated uptake. Transgenic plants, expressing
NPT II activity, were recovered from the protoplasts, via somatic embryogenesis, and

transferred to field conditions.

High-velocity microprojectile delivery of DNA into plant tissues as a method for
transformation, has also been attempted for woody species and has been reviewed
recently by Davey and Rech (1992). The technique avoids the use of protoplasts and
can therefore circumvent problems with plant regeneration which are encountered
when other methods are employed. Therefore, this technique may well increase in the
future the range of genotypes that can be successfully transformed. For example,
using microprojectile delivery, it has been possible to obtain transient expression of
the p-glucuronidase (gus) gene in somatic embryos and seedlings of white spruce
(Picea glauca; Ellis et al., 1990) and in cotyledonary cells of Loblolly pine (Pinus
taeda; Stomp et al., 1990). The first report of the recovery of a transgenic woody
plant, using this technique, was that by McCown et al. (1991), who bombarded
tissues of various Populus species with gold particles coated with plasmid DNA. The
plasmid contained the gus and npt Il genes as well as the Bt gene which codes for the
production of the Bacillus thuringiensis toxin. The Bt gene confers resistance to
lepidopteran larvae which predate these species. Following bombardment, shoot
production led to the recovery of four transgenic plants carrying all three genes. Of
these, two failed to express GUS activity, possibly as a result of methylation of this
gene. However, one of the plants exhibited an increased resistance to feeding by two

lepidopteran pests.

Continued research into procedures, such as tissue culture and protoplast
culture/regeneration, is essential. The only method of transformation that does not
depend on any type of regeneration procedure is the direct infection of plants with
agrobacteria. All other transformation techniques rely on there being an effective

way to regenerate shoots from some type of explant. A large number of



transformation techniques using Agrobacterium employ co-cultivation of the bacteria
with the explants which subsequently have to undergo shoot regeneration to produce
transformed plants. This is the case in the production of transgenic apple, in which
leaf discs were co-cultivated with Agrobacterium (James et al., 1989) and also with
grapevine and plum, where hypocotyl segments were infected with Agrobacterium
(Mullins et al., 1990; Mante et al., 1990). The use of high velocity microprojectile
delivery of DNA relies on there being a method to regenerate plants from bombarded
tissues. The transformation of Picea glauca using high velocity microprojectile
delivery depended on there being a method to regenerate plants from the target callus
and embryos (Ellis et al,, 1993). Similarly, the transformation of Populus was only
possible because researchers were able to regenerate plants from nodular callus

following bombardment (McCown et al., 1991)

1.2.3 Tissue culture and genetic engineering of woody ornamental species.

Research has concentrated on the development of micropropagation systems for
ornamentals which have a high unit value and which are grown in large numbers,
Rhododendron is such an example (Anderson, 1975). Since the first reports of the
micropropagation of woody species, the number of woody ornamental species being
propagated in this manner has continued to increase. Jones (1985) indicates that out
of a total annual production in the USA of 60.7 million units per year, some 25.5
million units are woody ornamental plants. Developments for many ornamentals has
been allied to parallel studies on related non-ornamental species such as Malus and
Pyrus. Several species of these genera have been micropropagated for ornamental

use, or for commercial fruit production (Briggs and McCulloch, 1983).

Despite an ever-increasing market demand, with the exception of developmental
research into basic micropropagation (where progress has been virtually as rapid as
for non-woody species), restricted progress has been made with research into other

aspects of in vitro culture technology, such as the production of embryogenic callus,



regeneration from leaf discs and genetic engineering of woody ornamental species.
In order to overcome natural persistent seed dormancy, embryo rescue has been
attempted for several woody ornamental species such as holly (Hu, 1978). This has
led to a shortening of the normal breeding cycle and the recovery of novel F; hybrids.
These studies, have inevitably led to further research into aspects of tissue culture,
such as somatic embryogenesis in callus cultures. However, this approach is still
regarded by many as a method of improving the in vitro propagation systems, rather
than as a potential source of regenerating tissue for genetic manipulation and plant
improvement. The production of somatic hybrids, by fusion of holly protoplasts has
been suggested (Hu, 1989), though, to date, reports of success have not emerged.
Similarly, protocols for the isolation of protoplasts from Rhododendron have been
published (Lloyd and McCown, 1980). Despite protoplast survival being generally
low (Smith and McCown, 1983) when compared to herbaceous annuals, Norton and
Norton (1989) have suggested that this could form the basis of an improvement
strategy for Rhododendron, involving somatic hybridisation or genetic
transformation. However, they recognise that plant regeneration from callus needs to
be resolved before this could become a realistic possibility. A protocol, recently
published, describes a method for the regeneration of plants from protoplasts of
ornamental honeysuckle (Lonicera nitida) (Ochatt, 1991a), with the suggestion that
this may be used in future somatic hybridisation studies to generate novel, omamental
accessions. Undoubtedly the number of woody ornamental species suggested as
possible targets for somatic hydridisation and genetic transformation using protoplasts

will increase as techniques for the culture and regeneration of protoplasts are further

developed.

Other tissue culture-based techniques that have been used with ornamental woody
species have included anther culture and pollen embryogenesis, both have been used

to produce haploid varieties of various Indian omamental species (Bajaj and Dhanju,



1983). The induction of haploids through pollen culture ofers several advantages as
detailed by Radojevic and Kovoor (1986). Specifically:

a) Homozygotes following meiotic segregation could reveal a number of valuable
recessive characters which have accumulated and remained unexpressed in natural
heterozygous populations.

b) In some cases, the number of androgenetic progeny can be phenomenally large and
the time taken to obtain plants is considerably shortened compared to that involving
hand-pollination, fruiting, seed set and germination required to produce inbreds by
conventional methods.

c) Widespread self-incompatibility is another handicap in trees, which can be

overcome through androgenesis.

Despite recent successes in genetically transforming woody plant tissues by the
introduction of novel and useful genes (see review Manders et al., 1992), the in vitro
genetic transformation of woody ornamentals has been described infrequently to date.
This is probably because attention has understandably been focused on woody plants
that form the basis of plantation crops, such as timber or fruit trees and, in which
losses due to pests, pathogens, opportunistic organisms and various environmental

factors will have a much greater effect on the producer in terms of income loss.

With an ever-increasing consumer market, the need for breeders/growers of woody
ornamental plants to produce genetically novel varieties, with improved
characteristics, including resistance to pests and disease, and improved ornamental
traits underpins a need to develop more biotechnological approaches. The
probablility of a universal method being developed to overcome many of the
problems encountered when such techniques are employed with woody species is
small, and progress is likely to be made on a species-by-species basis rather than on

an extensive range of woody plants.
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1.3 Classification and history of Roses.

1.3.1 Introductory remarks.

Roses are grown for a number of reasons. They serve as rootstocks, onto which other
species or cultivars are grafted to increase their rate of propagation, they supply the
cut-flower market, and are used in the extraction of attar (rose oil). The latter is a
highly-prized essential oil used in the cosmetics industry (Lata and Gupta, 1971).
The principal use of roses is in ornamental planting. However, it is difficult to assess
the total number of plants that are propagated or planted in any one year, partly
because many countries do not monitor sales and also because many current,
commercially viable varieties are no longer covered by 'patents' or Plant Breeders
Rights. As a result, details of the number of plants propagated are not recorded.
Short and Roberts (1991) estimated that in excess of 200 million rose bushes are
planted annually worldwide, which represents a total retail market of some US $720
million. In the UK, approximately 30 million field grown plants and at least 0.5
million cut flowers are produced each year. Current data (1991/92) suggests that the
value of UK sales in the amenity sector alone is in excess of £2.5 million, which

represents up to 7% of the total expenditure on plants (Anon, 1992).

1.3.2 Biological and field classification.

The genus Rosa includes over 100 species distributed throughout the world (Rehder,
1960). Chromosome numbers in this genus range from 2n=2x=14 to 2n=8x=56
(Darlington and Wylie, 1955). The social history of Rosa has been long and c