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ABSTRACT

The study mainly concerns the potential of the tissue culture for mass propagation
and to evaluate the trueness to type of regenerated plants from tissue culture using
appropriate molecular markers. Three soft fruits species Ribes, Fragaria and
Rubus were used in this study. The study has three main sections dealing with an
evaluation of appropriate molecular marker systems to study the plants regenerated
via micropropagation, callus culture and regeneration and tissue culture and

regeneration.

The first section evaluates the potential of SDS-PAGE protein electrophoresis and
RAPD-PCR as markers to distinguish among clonally propagated cultivars of R.
nigrum. SDS-PAGE was able to distinguish only four out of ten cultivars tested.
RAPD-PCR was able to distinguish all the cultivars studied using only two
primers. The data generated by RAPD-PCR and from pedigree information was
used to examine the relatedness among the cultivars studied. RAPD-PCR was
further used to examine the purity of the cultivar Baldwin collected at various
locations in the UK. Polymorphism was detected and differences were found

between the sub-samples of a single cultivar.

The second section deals with the multiplication of Rubus, Ribes and Fragaria by
micropropagation. The effect of culture cycle on the plants regenerated was
evaluated using RAPD-PCR. Ribes did not show any variation until the 14th
generation cycle but in the 15th and 16th cycles variation was detected from 6.2 %
and 13.4% respectively. Considerable variation was detected in Rubus starting
with the 4th sub-culture and was at a maximum in the 7th sub-culture. In
Fragaria. all plants at sub-culture 3 were evaluated and variation was detected
between them. The relevance of such variation on the release of material of all

three species is discussed in relation to certification scheme requirements.



The third experimental section evaluates the potential of callus as explant source
for the multiplication and regeneration of plants in Ribes and Fragaria species.
The study also describes investigations in the optimum growth regulators
concentrations for callus culture and subsequent plant regeneration. Both the
explant type leaf disc and leaf petiole showed successful callus induction in Ribes
cultivars. However, plant regeneration was not successful in the cultivars and
explant sources studied. In Fragaria regeneration was easily achieved from leaf
disc callus and the plants were evaluated for trueness to type using RAPD-PCR

This indicated variation ranges from 0.68 to 22.80% .

The final discussion reviews micropropagation, callus culture and regeneration and
their application to mass propagation. The use of molecular marker systems to
evaluate multiplication methodology is discussed both in terms of the needs of the
soft fruits industry and as the general approach to the evaluation of progeny of

clonally propagated species.
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CHAPTER 1.

INTRODUCTION

1.1. GENERAL INTRODUCTION

Pakistan has an agriculture-based economy, in the last few years much progress has
been made in agricultural research. Although a number of high yielding, fertiliser
responsive traditional crop varieties produced through the conventional breeding
programmes have been released, the country is still facing many problems in
sustaining crop production with conventional crops. As the population is increasing
at an alarming rate (annual population growth rate 2.7% ), there is a need to
explore non-conventional crops of high nutritive value in order to provide such

nutrition and to satisfy the needs of the population for variety in food sources.

Soft fruits are a relatively recent introduction to Pakistan. Strawberry production
started in Faisalabad in the Punjab province in 1964-65 and expanded for several
years (AHMAD. D. Personal communication). The plants could not withstand the
high summer temperature, preventing the production of planting materials for the
next year. In the Northern region of Pakistan where summer temperatures are
relatively cool, these crops can be easily grown as perennials. Recently certain
growers in the Swat district of North West Frontier Province (NWFP) have started
cultivating this fruit crop which is then distributed to the hotels of Islamabad and
other big cities. In the most fertile land of the Punjab province this crop can also
be grown if the supply of planting material for the next season’s crop can be
ensured. One strategy is to establish nurseries in the Northern areas to multiply the
material vegetatively and supply planting material to the growers across the

country. Another alternative is to exploit the potential of tissue culture, so that
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plant material can be multiplied very quickly in a limited space all year around and

supply it to the growers locally.

The general aims of this study are to evaluate the potential of in vitro culture as a
rapid multiplication system and to evaluate the ability of the system to give true-to-
type plants using appropriate marker systems. Strawberry, raspberry, and
blackcurrant were selected for the study as these are the most important and

economically valuable crops among the soft fruit group.

1.2. TRADITIONAL METHODS OF PROPAGATION

Cuttings are the most important means of propagation in soft fruits. The methods
are simple and do not require the special techniques necessary with propagation of
other perennial crops such as grafting, budding, or micropropagation. Different

types of cutting are used for different soft fruit species.

1.2.1. HARDWOOD CUTTINGS

These are cuttings made of matured dormant hard wood after the leaves have been
abscised and before new shoots emerge in the Spring. These are more common in
soft fruits such as blackcurrant (MAFF, 1981) and red currant. Normally this takes
the form of planting un-rooted hardwood cuttings (20-30 cm long) in the field
(Wainwright, and Hawkes, 1984). These have been stored, in moist sand/sawdust
at about 1.6 °C (35°F) then transplanted in early Spring. The plant can be

transplanted to its permanent location in one or two years.

1.2.2. SOFT WOOD CUTTINGS

Cuttings prepared from the soft, new Spring growth about 3-8 cm long with two or
more nodes are placed in a cold frame in prepared soil at distances of 15 cm
square, during May. The soil is well watered and a light source placed over the

frame which is closed and shaded until after rooting. Soft wood cuttings generally
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root easier and quicker than the other types but require more attention and

equipment and are used in raspberry.

1.2.3. ROOT CUTTING

Soft fruits such as raspberries can also be propagated by root cuttings (Torre, 1979;
Hudson, 1955). The length of root cuttings varies from 5 to 15 cm for thin and
thick roots subsequently. With care, good strong healthy plants can be produced in
one year. Best results with root cuttings are likely to be attained if the root pieces
are taken from young stock plants in late Winter or early Spring when the roots are

well supplied with storage food but before new growth starts.

1.2.4. TIP LAYERING

Tip layering is a natural method of propagation and is characteristic of raspberries
and blackberries. Healthy young plants are set 3.6 m apart to give room for
subsequent layering. Rooting takes place near the tip of the current season's shoot.
The shoot tip recovers upward to produce a sharp bend in the stem from which

roots develop.

1.2.5. MOUND LAYERING OR STOOLING

Stooling is a form of layering used commercially to produce blackcurrant plants
before new growth starts in the following Spring. All plants are cut back to 2.5 cm
above ground level. Two to five new shoots usually develop from the crown in the
second year; more in later years. Loose soil is drawn up around each shoot to one
half its height. Stool shoots should have rooted sufficiently by the end of the
growing season to be separated from the parent stool. The rooted shoots are cut

and transplanted directly to the nursery row.

1.2.6. RUNNERS
A runner is a specialised stem that develops from the axils of a leaf at the crown of
a plant. It grows horizontally along the ground, and forms a new plant at one of

the nodes. The strawberry is a typical plant species propagated in this way. In most
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strawberry cultivars, runner formation is related to the length of the day and
temperature (Hartmann et al., 1990). In propagating by runners, daughter plants
are dug when they become well rooted and then transplanted to the desired

locations

1.2.7. CROWN DIVISION

Everbearing strawberry cultivars that produce few runners may also be propagated
by crown division. Certain cultivars may produce 10-15 strong crowns per plant by
the end of the growing season. In the Spring such plants are dug and carefully cut

apart, each crown may then be used as a new plant.

1.3. GENETIC VARIATIONS IN VEGETATIVE PROPAGATION SYSTEMS
All vegetative propagation systems aim to produce progeny which are identical to
the mother clone. However, even with the traditional systems of vegetative

propagation, variation can arise as discussed below.

1.3.1. MUTATION

Changes in the genetic composition can occur within a somatic (vegetative) cell
and, if followed by mitotic division may lead to permanent changes in the clone if
subsequently daughter cells occupy a substantial portion of a growing point. There
are many types of mutational changes that can occur such as point mutation, gross
structural changes of chromosomes deletions, duplications, inversions, additions or
subtraction of one or several chromosomes of a set (aneuploidy) or multiplication
of an entire set of chromosomes (polyploidy). Cytoplasm also contains DNA,
which is independently involved in determining plant characteristics (Jinks, 1964).
Permanent changes can occur in them and lead to changes within a clone. Any
single mutation or chromosomal change in itself, is a relatively rare event.
However, since vegetative growth of a clone involves billions of cell divisions, the
chances that some type of spontaneous change will occur within a clone are

reasonably good.
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1.3.2. CHIMERAS

Many bud mutations are mixtures of mutated and non-mutated tissues which
occupy distinct layers or sectors of the plant. These combinations are called
chimera. A chimera is a plant or part of a plant, composed of two or more
genetically distinct tissues growing adjacent to each other as part of a composite
plant. A chimera may originate by spontaneous mutation in the cell of the plant

within one of the layers of the growing point.

This change does not necessarily affect the entire growing point but only those
parts of the stem resulting from further division of the mutated cells. There are

several kind of chimeras.

1.3.2.1. SECTORAL CHIMERAS

In this type the growing point of the shoot is composed of two genetically different
tissue situated side by side occupying distinct sectors of the stem; leaves and lateral
buds arising from such a shoot may be composed of two tissues combined in

various ways depending upon their location.

1.3.2.2. PERICLINAL CHIMERAS

In this type, tissues of one genetic composition occur as a relatively thin "skin" one
or several cell layers in thickness over a genetically different "core”. Figure 1.1.
This is the most common and relatively stable chimeral type. The genus Rubus for
example has numerous thornless blackberry forms in which the epidermal layer
lacks the gene for thorns (Darrow, 1928). Such plants usually retain this
characteristic if propagated by stem cuttings or by tip layering. It is significant that
the adventitious roots arising endogeneously beneath the mutated tissue give rise to

a root system of non-mutated tissues

1.3.2.3. MERICLINAL CHIMERAS
This type is similar to the periclinal chimeras except that the outer layer of a

different tissue does not extend completely around the shoot, occupying only a
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segment of the circumference (Figure 1.1). This type is the most common to occur
naturally since a mutation in a single cell of a growing point would give rise to

such a pattern of development.

1.3.2.4. BUD SPORTS

A branch which shows changes in one or more inheritable characters that can be
propagated by asexual means is termed a bud sport or bud mutation. It can
originate by any of the somatic mutations or chromosomal changes mentioned
earlier. Somatic variants are starting points of new clones and if introduced

cultivars are given names.

Complete mutation,
mutated
cells only

R P Pesiclinal
Sectord©| " A—— NN
chimera Ol 3

ok Mesiclinal

L chimera
Notmal O CJ
cells.

Figure 1.1. Types of chimeras. Bud arising at different positions on a sectorial
chimera may produce shoots consisting entirely of mutated cells or entirely of
non-mutated cells; or the shoots may be a sectorial, mericlinal, or periclinal
chimera, depending upon their location.

1.4. ALTERNATIVE METHODS OF PROPAGATION

With the explosive development of the amenity plant trade, the pressure on the
horticulture trade to produce vast numbers of plants for specific markets has
increased. This has put pressure on research to produce plants more quickly. In

particular, to understand better the major biological factors and processes that
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affect plant growth, such that it becomes possible to manipulate plant development

in desired directions (Dixon, 1987).

Conventional methods of vegetative propagation have allowed unique heterozygous
plants of many species to be multiplied and perpetuated for breeding material or for
direct use as desirable cultivars. In vifro propagation enables a far wider range of
species. Potentially all species of higher plants can be cloned rapidly under highly
controlled conditions. The ability to grow plant tissue, such as callus, cell
suspension, and various plant organs, such as stem, flower, roots, and embryo
more or less indefinitely, has been utilised in scientific laboratories for many
decades as a research tool for geneticists, botanists and plant pathologists (Dixon,

1987).

1.4.1. TISSUE CULTURE

Tissue culture is based on the principle of totipotency, i.e., the concept that every
living cell has the genetic potential to reproduce the entire organism (Haberlandt,
1902). Since then the field of plant tissue, cell, and organ culture has grown to be

of immense size, commercial importance and scope.

The term micropropagation is used specifically to refer to the applications of tissue
culture techniques "to the propagation of plants starting with very small plant parts
grown aseptically in a container where the environment and nutrition can be rigidly
controlled”. (Hartmann and Kester, 1990; Dixon, 1987; Smith and Drew, 1990).
In practice, many propagators use the term micropropagation and tissue culture
interchangeably to mean any plant propagation procedure utilising aseptic culture.
A synonymous term is in vitro culture. Micropropagation and tissue culture begin
with the excision of a small piece of plant followed by sterilising and placing it into
aseptic culture. The term used for this propagule to start the process is "explant".
To ensure successful production the tissue material requires the normal growth
elements in the form of mineral salts; carbon is added in the organic form as sugar.

Other material required are amino acids, B vitamins and growth hormones. To this
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solution agar is added to provide support for the plant material. If the culture is
submerged, then aeration can be provided by shaking the flask in a reciprocating or
rotating shaker. The important factor with this method is absolute sterility, as the
plant material used has no epidermal layer to protect against bacterial and fungal

contaminants.

Micropropagation has many advantages over traditional propagation techniques
some of which are listed below:.
e Rapid clonal multiplication.
e New varieties or introductions can be bulked up to enable larger
quantities to be released.
¢ Plant materials can be more easily exchanged between countries when
grown in aseptic culture.

e The production and dissemination of disease free stock can be enhanced.

Plant propagation can be accurately programmed.

Plants that were difficult or could not be propagated traditionally can

often be propagated in vitro.

Stock plants can be stored for extended periods in vitro.

1.4.2. BRIEF HISTORY

Plant tissue culture is the science of growing plant cells, tissues or organs isolated
from the mother plant, on artificial media. (George, 1993). Although strictly it
refers to the culture of an undifferentiated mass of plant cells only (Duncan and
Widholm, 1986; Street, 1977; George and Sherington, 1984), plant tissue culture
techniques have become a powerful tool for studying many basic and applied

problems in plant biology.

Living organisms vary greatly in their complexity, life-cycles, and mode of
propagation and reproduction. Regardless of these differences, such organisms
possess or have possessed during their long evolutionary history, the common

feature of being represented at some stage by a single cell. All complexities and
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events occurring during their life-cycle must unfold from this single unit. The cell
must therefore contain all the information necessary for the organism to grow and
reproduce in its environment. In this sense the single cell can be called totipotent.

The first theoretical attempts to explaixi the complexity of multicellular organisms
were put forward in 1838 by two German biologists, M.J.Schleiden and T.
Schwann (Thomas and Davey, 1975). Although they realised that complex
interactions must occur between different cells, tissue and organs, they suggested
that each cell is an independent unit capable of forming a new organisms. They
clearly implied that differentiated cells of a multicellular organism still retain the

information which was present in the first single cell, the fertilised egg.

The first botanist to realise the significance of the totipotancy of plant cells was G.
Haberlandt, who, in 1902, enunciated ways in which this property, if it existed
could be exploited. Haberlandt begins, "To my knowledge no systematically
organised attempts to culture isolated vegetative cells from higher plants in simple
nutrients solutions have been made. Yet the results of such culture experiments
should give some interesting insight to the properties and potentialities which the
cell as an elementary unit possesses. Moreover, it would provide information about
the inter-relationships and complementary influences to which cells within a
multicellular organisms are exposed”. He concluded by writing "Without
permitting myself to pose further questions, I believe, in conclusion, that I am not
making too bold a prediction if I point to the possibility that, in this way, one
could successfully cultivate artificial embryos from vegetative cells". (Thomas and

Davey, 1975).

The first major steps into experimental plant tissue culture were made in 1922 by
W.J. Robbins in America and by W. Kotte, a student of Haberlandt. (Thomas and
Davey, 1975). They used intact meristems excised from roots of grass seedlings.
When transferred to a liquid culture medium composed of inorganic salts and
glucose the excised roots tips grew vigorously, and gave rise to small root systems

sometimes bearing laterals. Unfortunately, the growth of these roots rapidly
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declined in culture, and virtually ceased, even if meristems were excised and
transferred to fresh medium. The cultural conditions clearly did not permit
continuous growth. However, these studies laid the foundation of plant tissue

culture as it exists today.

The first successful cultures were those of P.R. White (1934), who isolated and
grew for prolonged periods excised root tips of tomato (Lycopersicon esculentum)
in liquid medium containing inorganic salts, yeast extract and sucrose. Since then
many research workers have examined and refined the nutritional and
environmental requirements of plant cells in culture, with the work of Murashige

and Skoog (1962) providing the basis of most tissue culture media in current use.

Murashige (1974) showed that nutritional and physical parameters can affect the
process of plant regeneration and the discovery of cytokinins and the hormonal
control of shoots and root regeneration from tobacco callus by Skoog and his co-
workers in 1948, established the basis of manipulating organ initiation and
provided the principle on which all micropropagation depends. An important
advance in the culture of single cells was made in 1960 when Bergmann showed
that it was possible to obtain cell suspension with a high proportion of single cells
using a simple filtration technique to remove the larger cell aggregates. The single
cells could be mixed with agar, cultured in petri dishes, and induced to grow. Later
it was shown that the calli obtained from fully differentiated leaf cells could be
induced to produced embryoides. The ability to culture single cells provides

opportunities to isolate normal and mutant single cells.

1.4.3. MICROPROPAGATION

Soft fruits are traditionally propagated by vegetative means. The most readily
identifiable weakness of traditional propagation is the slow rate of multiplication. In
addition, it needs specialised conditions in order to maintain disease-and virus-free

propagation material. With the introduction of new cultivars and the limited supply
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of virus-free clones of existing cultivars, there is a need for a more economical,
efficient and practical method of propagation using available plant material. One
method that has been used is micropropagation (Boxus, 1974; Boxus et al., 1977,
Damiano, 1980). It involves the production of plants from very small plant parts
(meristem) grown aseptically in vitro, where environment and nutrition can be
rigidly controlled. The application of tissue culture techniques to the regeneration
and propagation of whole plants is a more recent development. George Morel

(1960) pioneered the application of shoot tip culture as a clonal multiplication tool.

1.4.4. CALLUS CULTURE

Micropropagation although attractive in comparison to traditional methods, can be
unresponsive to needs. An alternative would be the exploitation of callus culture
and regeneration. Callus is a coherent and amorphous tissue, usually produced on
explants in vitro as a result of wounding and in response to hormones, either
endogenous or supplied in the medium. Explants from almost any plant structure or
part, seeds, stems, roots, leaves, can be excised, disinfected, and placed on the
surface of the culture medium (Street, 1977) for the production of callus.
Continued sub-culture is possible at three to four week intervals by small inocula

taken from these callus cultures for long periods.

Although callus tissue culture may appear outwardly to be a uniform mass of cells,
in reality the structure is relatively complex with considerable morphological,
physiological and genetic variation within the callus. Cell division does not take
place throughout the culture mass but is located primarily in a meristematic layer
on the outer periphery of cells. The inner part of the callus remains as an
undividing mass of older tissue, and in time, may differ physiologically and
genetically from the cells of the outer layer. Thus variations in cell age and type
may occur within the tissue culture mass.

The induction of new plants begins with de-differentiation of parenchyma cells to

produce centre of meristematic activity (meristemoids) (Evens et al., 1981; Thorpe

11
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1979; Torry, 1977). In an early study by Skoog, tobacco callus produced shoots
(Skoog and Miller 1957) if a relatively high cytokinine/auxin ratio was supplied. If
the ratio was reversed roots tended to be formed. Although the same basic pattern
tends to follow with most other plants, an exact formula for optimising conditions

for regeneration is needed for each species or cultivar.

1.5. REGENERATION AND GENETIC VARIATION IN PLANT TISSUE
CULTURE

Problems related to regeneration and genetic variation in callus tissue culture are
commonly a matter of interest and concern to plant geneticists and breeders.
Successful application of in vitro technology to clonal propagation depends on the
induceability of growth and differentiation in tissue and the regeneration of true-to-
type viable plants. Great differences exist in organogenesis, and regeneration of
plantlets among plant species, varieties and even individuals of the same varieties.
Some materials are more easy to regenerate in vifro than others. In addition to
genetic differences in the morphogenetic potential between species or within
species, maturation also seems to play a crucial role in the regeneration process in

vitro. In general, juvenile tissue is more responsive to in vitro conditions.

Plant regenerated from somatic cell culture may exhibit variation which may have a
genetic or a non-genetic basis. Genetic variation that occurs in plant tissue culture
has been termed somaclonal variation (Larkin and Scowcroft, 1981). For obtaining
true to type propagules from a selected genotype, somaclonal variation is
undesirable. On the other hand somaclonal variation offers prospects for the
recovery of useful mutants in tissue culture. The variation rate and spectrum
depend on the genotype, type of culture (micropropagation callus, or cell
suspension culture) and environmental conditions. Variation may occur in

chromosomes (number or structure), nuclear genes or mitochondrial genes.

12
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The fact that in vifro culture can cause genetic variation in regenerated plants
aroused much interest and discussion and this type has been frequently reviewed
(Evans and Bravo, 1986; Evans and Sharp, 1986; Scowcroft et al., 1986). Larkin
and Scowcroft (1981) detailed various sources of variation in regenerated plants.
They considered that plants derived from any form of cell and tissue culture should
be called somaclones and genetic variation produced in these clones should be

called somaclonal variation.

During culture various environmental factors may lead not only to genetic variation
but can also influence gene expression or cause variation in certain interactions
between genetic material. For instance, changes in gene functions (switch on or
off), synthesis of certain proteins, cell differentiation, or protein distribution can
cause a phenotypic variation which is called epigenetic variation. Although this
type of variation cannot be transmitted to offspring via sexual reproduction, it can

be maintained by asexual propagation.

It may of course be that different processes are at work in different species or that a
number of processes are operating simultaneously in the one culture. Brown (1989)
and Muller et al. (1990) reported that most of somaclonal variations are directly or
indirectly related to alteration in the state of DNA methylation. Other mechanisms
observed in regenerated plants by many workers are: chromosomal aberration i.e.
changes in chromosome numbers (D’Amato, 1977; Orton, 1983), chromosome
rearrangments, translocations, reciprocal translocation and ring chromosomes (non-
homologous translocations) (Ahloowalia, 1976; Shepard, 1982). Published work also
suggests that chromosome deletions, additions, inversion, and crossing-over also
occurs in regenerated plants. (Meins, 1983; Evans, 1986; Scowcroft and Ryan, 1986;
Grunewaldt and Dunemann, 1991). Cryptic changes can result not only in the loss of
genes and their functions but also the expression of genes which have been silent.
For example a rearrangement may delete or otherwise switch off a dominant allele
allowing the recessive allele to affect the phenotype. In eukaryotes evidence suggests

that certain unstable mutants may be explained by transposable elements. The

13
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excision and reinsertion of the genetic element can directly affect the expression of
the neighbouring structural gene. Weill and Reynaud (1980) referred to the high
mutability and consequent adaptiveness in somatic tissue as ‘somatic Darwinism’.
Somatic genes rearrangements, amplification and depletion have also been suggested

to be involved in somaclonal variation. (Nagl, 1979).

1.6. EVALUATION OF CLONALLY PROPAGATED REGENERANTS

1.6.1. MORPHOLOGICAL MARKERS

The easiest and most commonly used method of screening plants for scientific
investigation is morphological analysis. These are the earliest genetic markers
employed (Devries, 1912) and they may still be of value for certain plant
germplasm management applications e.g. trueness to type. Morphological assays
generally require no sophisticated equipment nor preparatory procedures. So their
prime advantages are simplicity and lack of expense to score even from preserved
specimens e.g. herbarium sheets and in maize (Zea mays L.). The main
disadvantage of this approach is that possession of a normal phenotype is no
guarantee that cryptic changes have not occurred. In addition, many of these
changes may be recessive and consequently when in heterozygous forms, do not
appear until plants have been selfed and progeny examined (Gobel et al., 1985;
Brown et al., 1993). Finally, morphological variation shown by the regenerants
may be epigenetic or just physiological and the status cannot be confirmed, until
progeny have been examined. This is exacerbated for some species in terms of

length of life cycle.

Chromosome numbers and cytomorphological traits have also served as genetic
markers, especially in polyploid crop complexes, where these have been important
tools for elucidating systematics and evolution (Simmonds, 1976). Two primary
types of cytogenetic markers are enlisted in germplasm management, chromosome
numbers and chromosome morphology. Chromosome numbers are highly

heritable. Chromosome morphological features include size, centromere position,

14
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mitotic configurations, and occurrence of satellites which are observable following
staining (Dyer, 1979). All these karyotype features have contributed critical data to
plant systematic and evolutionary studies (Bennett, 1984). Karyotypic/cytogenetic
observations require specialised equipment (microscopes) but preparative protocols
are otherwise relatively simple and inexpensive (Dyer, 1979). Correctly
interpreting certain cytomorphological features does require considerable training,

experience, and advanced knowledge of cytogenetics.

1.6.2. PROTEINS

Protein and isozyme variants (Weeden and Wendel, 1989) that migrate at different
rates under electrophoresis have been the most widely employed molecular genetic
markers during the last quarter century. Isozymes are generally fractionated by
starch gel electrophoresis whereas, proteins are generally analysed via

Polyacrylamide gels (PAGE) in sodium-dodecyle sulphate SDS (Cooke, 1984).

Protein fractionation by SDS-PAGE. is relatively rapid and inexpensive as
compared with isozymes and some DNA analysis, especially when conducted with
precast mini-gels. Protein electrophoretic migration rate is generally highly
heritable and ample polymorphism is available when conducted with appropriate
laboratory procedures (Simpson and Withers, 1986). In general however, storage

protein electrophoretic profiles are rarely interpretable by locus/allele models.

1.6.3. ISOZYMES

During the last 20 years isozymes revealed through starch gel electrophoresis
(SGE) have been the genetic markers most frequently employed in many fruit
species for the identification of cultivars as well as characterisation of somaclonal
variation. (Bringhurst et al., 1981; Bryne et al., 1988; Weeden et al., 1985;
Wolfe, 1976; Denton et al., 1977; Damiano et al., 1995). They are generally but
not always governed by single Mendelian genes. They can be assayed from a wide
variety of organ and tissues, and analytical procedures are not exceptionally

complicated (Murphy et al., 1990; Weeden and Wendel, 1989). In studies of
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genetic diversity and divergence, isozymes with similar enzymatic activity and
electrophoretic migration rates are presumed to be homologous although this

assumption cannot be validated without amino acid sequencing.

1.6.4. GENETIC MARKERS:

The concept of utilising markers in plant breeding as an indirect method of
selecting desirable recombinant genotypes is well established. Until relatively
recently, the markers employed were morphological characters which are limited in
number and often agronomically undesirable. As a means of increasing the number
of markers, different strategies have been developed based on existing natural
variation present in plant genomes. The significance of this variation is that a large
number of genetic markers can be assembled in a single cross. Further more, these
markers are inherited in a Mendelian and hence, predictable manner. The
availability of such markers provides new opportunities to improve the speed and

precision of gene transfer in crop improvement.

The detection and exploitation of polymorphisms in plants and animals represents
one of the most significant recent developments in biology. The concept of using
genetic markers to identify specific regions of the genome is well established but
initially was hampered by the lack of appropriate markers. Technical developments
have made possible the development of high resolution genetic linkage maps in a
range of organisms. These provide new opportunities to analyse complex
phenomena such as comparative genome mapping, genome evolution and studies of
gene flow. The greater utility of molecular markers arises from six inherent

properties that distinguish them from morphological markers (Powell et al.,1994).

e The phenotype of most morphological markers can only be determined at
the whole plant level, whereas molecular loci can be assayed at the
whole plant, tissue, and cellular levels.

e Allele frequency tends to be much higher at molecular loci compared

with morphological markers.
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e In addition, morphological mutants tend to be associated with
undesirable phenotypic effects.

e Alleles at morphological loci interact in a dominant-recessive manner that
limits the identification of heterozygous genotypes.

e Molecular loci exhibit a co-dominant mode of inheritance that allows the
genotypic identification of individuals in a segregating population.

e Fewer epistatic or pleiotropic effects are observed with molecular
markers than with morphological markers. Hence a large number of

polymorphic markers can be generated and monitored in a single cross.

1.6.4.1. RFLP.

Various DNA polymorphisms are the most highly heritable of all genetic markers.
In plants, they can be assayed from three distinct genomes, i.e. nuclear,
chloroplast, and mitochondrial which may each evolve according to different

modes and tempos (Wolfe et al., 1987).

The emergence and general accessibility of molecular biological techniques has
allowed the relatively extensive variation which occurs in the DNA sequence of a
given organism to be exploited. The standard method by which this is achieved
relies on the ability of certain bacterial enzymes, restriction endonucleases, to
recognise and cleave specific DNA sequences within the extremely long DNA
molecules which comprise a plant's genome. Cleavage results in the generation of
a set of restriction fragments of differing lengths which reflects restriction site
changes within a given individual. After electrophoretic separation of the fragments
according to their length, and transfer to a solid membrane identification of
restriction fragments is achieved by southern DNA:DNA hybridisation with a
radioactivity labelled cloned DNA probe and visualised by exposure of the
hybridisation membranes to photographic film. The variation which occurs has
been termed restriction fragment length polymorphisms (RFLPs). Since the mid-
1980s, RFLPs have been used extensively for the construction of genetic linkage

maps, and RFLPs linked to many desirable characters have been identified. RFLPs
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are also useful for other applications including cultivar identification, evaluating
germplasm resources, identifying distantly related parents for inclusion in a

breeding programme and for phylogenetic studies.

RFLPs are superior genetic markers, because they are firstly ubiquitous throughout
the plant tissue and throughout the plant genomes coding and non-coding sequences
and secondly highly heritable, relatively highly polymorphic, and co-dominantly
inherited. (Helentntjaris and Burr, 1989).

A major drawback of RFLPs is that their application is technically difficult and in
the majority of laboratories the detection methods rely on the use of short-lived
radioisotopes. At present, RFLP analysis is relatively slow and labour intensive. It
may involve expensive and sometimes radioactive/toxic reagents. (Murray et al.,
1988; Helennljaris and Burr, 1989; Bernatzky and Tanksley, 1989). In many cases,
these features may inhibit the routine application of RFLPs in plant breeding.

1.6.4.2. AFLP.

The Amplified Fragment Length Polymorphism (AFLP) technique is based on the
amplification of subsets of genomic restriction fragments using the polymerase
chain reaction (PCR). DNA is cut with a restriction enzyme, and double stranded
(ds) adapters are ligated to the ends of the DNA-fragments to generate template
DNA for amplification. Thus, the sequence of the adapters and the adjacent
restriction site serve as primer binding sites for subsequent amplification of the
restriction fragments from a total genomic digest. Selective nucleotides are added
to the 3' ends of the primers, that therefore can recognise only a subset of the
restriction fragments. Only restriction fragments in which the nucleotides flanking

the restriction site match the selective nucleotides will be amplified.
The restriction fragments for amplification are generated by two restriction

enzymes, a rare cutter and a frequent cutter. The AFLP procedure results in the

predominant amplification of those restriction fragments, that have a rare cutter site
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on one end and a frequent cutter site on the other end. Fingerprints are produced
without prior sequence knowledge using a limited set of generic primers. Typically
50-100 restriction fragments are co-amplified and detected in each AFLP reaction.
This technique is therefore extremely powerful for the detection of DNA
fragments, and hence for the identification of DNA polymorphism. The number of
fragments detected in a single reaction can be 'tuned' by selection of specific
primer sets. The AFLP techniques is robust and reliable because stringent reaction
conditions are used for primer annealing: the reliability of RFLP techniques is
combined with the power of PCR techniques and of gel analyses of amplified

fragments.

The AFLPs like RFLPs are highly heritable, relatively highly polymorphic,
apparently selectively neutral, and can be isolated from virtually every type of
plant tissue. The AFLP fragments are generally inherited in a simple dominant
Mendelian fashion, whereas fragment absence is recessive. In this respect AFLP
markers are inferior to co-dominant genetic markers and with expensive DNA
polymerase enzymes at a relatively high cost. Nevertheless, AFLP analysis may be
amenable to automation, requires very little tissue for analysis, and does not
require blotting, probing, probe maintenance in bacteria, or other expensive steps

associated with RFLP analysis (Smith and Smith, 1992).

1.6.4.3. RAPD-PCR.

Considerable progress has been made in the application of DNA-based
methodologies for the identification of phylogenetic relationships in many crop
species. Exciting new opportunities for improving techniques of identification and
diagnosis were created by the introduction of the polymerase chain reaction (PCR).
However, the advent of PCR has brought the potential of a DNA-based marker
system one step closer to being routinely and reliably applied. PCR technology
hinges on the availability of DNA polymerase (Taq polymerase) from the

thermophilic bacterium Thermus aquaticus which retains activity even after
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prolonged incubation at temperatures which denature double stranded DNA
templates. Defined segments of minute quantities of target DNA can be specifically
amplified by supplying Taq polymerase, excess nucleotides and oligonucleotide
primers (which are exactly complementary to sequences flanking a target
sequence), and repeating a thermal cycle which denatures the DNA, allows the
primers to anneal to their complementary sequence and finally activates the DNA
polymerase. Taq polymerase will copy the single stranded target DNA
unidirectionally from the annealed primers. Any sequence up to a size of
approximately 4000 nucleotides, which is flanked by two primer binding sites, can
be amplified exponentially by repeating the thermal cycle up to 45 times. The
specificity of amplification is determined by the nucleotides of the individual
primers. After amplification sufficient product is produced to be visualised directly

after electrophoresis by ethidium bromide staining and illumination by UV light.

One of the most important developments occurred in 1990 when a variation of
PCR was developed independently by two different laboratories (William et al.,
1990; Welsh and McClelland, 1990). The technique concerns the analysis of
Random Amplified Polymorphic DNA (RAPDs) and provides a novel and effective
method for distinguishing organisms according to the banding patterns of their
DNA as well as providing a new means of obtaining genetic markers. RAPD is a
modification of PCR technique which requires no prior knowledge of nucleotide
sequence and is becoming increasingly attractive as a DNA based marker system.
The approach is based on the probability that in the genome of the organism under
study, a given single nucleotide sequence will occur in inverse orientation within a
distance that is amplifiable by PCR. The primers used are generally only 10
nucleotides in length with their sequence determined arbitrarily. Differences in the
sequences amplified from related individuals are caused by either mutation in the
primer binding sites or by DNA rearrangements. Differences detected using this
technique have been called random amplified polymorphic DNA markers or

RAPDs.
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The technique is fast, technically easy, and requires few materials. One of the main
advantages of RAPD analysis, in contrast to many other PCR-based protocols, is
that there is no requirement for a prior knowledge of the molecular biology of the
organisms under study; the technology is not dependent upon predetermined
nucleic acid sequence data. Traditional PCR-based techniques depends on the
availability of DNA or RNA sequence information in order to design primers. Such
sequence information is lacking for most organisms and, therefore, systematic
studies have tended to be biased towards limited numbers of well suited genes. In
these cases it has been possible to construct primers based on relatively highly
conserved regions of the genes in question from other species. The unique feature
of RAPD analysis is that a single primer of arbitrary nucleotide sequence is added
to the PCR. At low stringency, the primer will anneal to a number of
complementary sequences within the template DNA. When the single primer binds
to the genomic DNA at two sites on opposite strands of the DNA template which
are within an amplifiable distance of each other, discrete DNA fragments will be
produced through thermocyclic amplification. The multiple products of different
sizes which are produced during the reaction from a single genomic DNA template
may be resolved by gel electrophoresis. The presence of an amplification product
indicates complete or partial nucleotide sequence homology between the genomic
DNA and the oligonucleotides primers, at each end of the amplified product.
Different primers, and the choice is practically unlimited, will initiate the
amplification of different parts of the genome. Many markers can readily be
identified as a variety of taxonomic levels and in comparison with DNA
sequencing, the effort and cost are modest so that many individuals can be assayed.
Ideally these arbitrary primers yield at least several but not too many marker
bands, that generally are inherited as dominant. Arbitrary primers methods are

most useful when analysing closely related germplasm (Smith, 1992).
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1.7. OBJECTIVES

The general aim of my study was to develop and use molecular markers to study
genetic uniformity of the plants arising through in vitro culture and to consider their

potential application for blackcurrant cultivar identification

The specific objectives were:

1 e To examine the molecular markers for cultivar discrimination and
analysis of their phylogenetic relationships.

2 e To assess genetic uniformity of regenerated plants from
micropropagation in soft fruit

3 e To explore the potential of callus culture and regeneration as a means of
rapid multiplication in soft fruits

< e To assess genetic uniformity of the regenerated plants via callus culture

followed by regeneration
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CHAPTER 2

MATERIALS AND METHODS

2.1 GENERAL CONDITIONS

The research was conducted in the laboratories and plant growth unit of the
Department of Crop Science and Technology, Scottish Agricultural College,
Edinburgh. Plants were grown in glasshouses at 224+2°C under 14/10 hours
light/dark cycle. The light source used were 400 watt, high pressure, sodium lamps.
All in vitro cultures were incubated in the culture room at 26°C + 1°C under 16/8
hour light/dark cycle. In the culture room the light was provided by 70 watt, cool,

white fluorescent light ranging from 2000 to 3000 lux.

All in vitro culture and preparation was carried out inside a laminar flow cabinet
(Bassaire). All the equipment used was sterile and every effort was made to prevent
subsequent contamination of cultures. Petri dishes were sealed with a double layer
of parafilm M®. Experimental design used in most of the experiments, was a

completely randomised design (CRD).

2.2. TISSUE CULTURE

2.2.1. PLANT GROWTH REGULATORS

Plant growth regulators used included the auxins, 2,4-dichlorophenoxyacetic acid
(2,4-D), naphthalene acetic acid (NAA), indole butyric acid (IBA), and indole
acetic acid, (IAA), and the cytokinins used were, kinetin and benzyl aminopurine
(BAP). The hormones were dissolved in a few drops of appropriate solvent such as
IM sodium hydroxide (NaOH) or ethanol (EtOH) as recommended by the supplier
and made up to 1 mg/ml stock solution with sterile distilled water. Appropriate

quantities of hormone stock solution were added. All hormones were added to the

(2]
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media after autoclaving by micro-pipette through a 0.2 ym micro-filter (flow pure).
This was done in order to avoid the degradation of hormones during the autoclaving
process. Concentration of the growth regulators used in the different media used in

this study is provided in the relevant sections.

2.2.2. PREPARATION OF MEDIA

The composition of the media used in this study consisted of MS media (Murashige
and Skoog, 1962) (supplied by Flow Laboratory, Irvine, Scotland) or Gamborgs
B5, (Gamborg et al., 1968 ) (supplied by Sigma, UK) and Nitch and Nitch basal
salt mixture described by Nitch and Nitch (1969) and Bourgin and Nitch (1967).
The major macro-and micro-nutrients in each media are provided in Table 2.1. The
culture media was supplemented with varying concentrations of growth regulators
specific to the requirements of each experiment. Sucrose was used as the sole
carbon source and was added as a solid at concentration of 3%. The pH of the
media was adjusted by adding either 0.1M NaOH or 0.1M HCI, to give a final
value in the range of 5.6-5.8. Finally, phytogel (Sigma) was added at a
concentration of 0.2% to solidify the medium. The media was sterilised by
autoclaving (Drayton Castle model) at 1 kg cm?2 pressure and 120°C for 20 min..
The media was kept warm at 50°C until pouring into culture pots. The media was
dispensed into sterile pots under sterile conditions in a laminar flow cabinet and

allowed to cool and set before being labelled and used.
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Table. 2.1.  Basic ingredients of media used in soft fruit tissue culture and

plant regeneration.

Concentration (mg/l unless otherwise stated)

Compound MS-medium! Gamborg's B5S Nitsch and Nitsch
Medium? Basal salt?

Macro nutrients:
NH4NO3 1650 o 720
KNO3 1900 2500.0 950
CaCly.2H70 332.2 113.24 166
MgSOy4 180.7 122.09 90.372
KH,POy4 170 o 68
NaH,PO4 H>O o 130.5 —
(NHg)2 SOy o 134 o
FeSO4.7H70 27.8 27.8 27.8
Najy.EDTA.2H,0 37.26 37.26 37.3
Micro nutrients:
H3BO3 6.2 3 10
MnSO4.H>O 16.9 16.9 18.9
ZnS0O4.7H,0 8.6 2 10
CuSO4.5H>O 0.025 0.025 0.025
CoClp.6HyO 0.025 0.025 -
NasMoO4 2H>O 0.25 0.25 o
Kl 0.83 0.75
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Table. 2.1 (Continued)

Compound MS-medium! B5 Medium?  Nitsch and Nitsch3
Vitamins:

Myo-inositol 100.00 - o
Nicotinic acid 0.5 o o
Pyridoxine HCI 0.5 - o
Thiamine HCI 0.1 10.00 o
Glycine (Free base) 2.00 o o
Phytohormones:

2,4-dichlorophenoxy acetic acid Var* Var Var
(2.4-D)

Naphthalene acetic acid (NAA) Var Var Var
Kinetin Var Var Var
Benzylaminopurine (BAP) Var Var Var
Indolebutyric acid (IBA) Var Var Var
Others:

Sucrose Var Var Var
Phytogel 2g 2g 2g
pH 5.7 5.7 5.7

1. Murashige and Skoog Basal medium (1962).

2. Gamborg et al., (1968).

3. Nitsch and Nitsch, (1969), and Bourgin and Nitch (1967).
4. Variable in different experiments.
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2.2.3. EXPLANT SOURCES AND PREPARATION

One blackcurrant cultivar Ben Sark and five raspberry and two strawberry cultivars
were supplied by the Department of Horticulture, Scottish Agriculture College at
Bush Estate at first or second sub-culture stage. These were further subcultured in
the plant growth unit (PGU) of Scottish Agriculture College, Edinburgh. The leaf
samples were collected and stored at -80 °C at each sub-culture stage for DNA

analysis.

For callus culture two types of explants (leaf discs and petioles) were used in
different studies for callus initiation. Explants were taken either from glasshouse
grown plants which were supplied either by the Horticulture Department, Scottish
Agriculture College, Bush Estate or from local nurseries and were kept in the

glasshouse for continuous use or from micropropagated plants.

For the DNA analysis, leaves of blackcurrant cultivars were supplied either by the
Scottish Crop Research Institute (SCRI), Dundee or from local nurseries. Leaves of
cv. Baldwin were kindly supplied by Smith Kline Beecham, Welsh Fruit Stock
Hereford, Brook House Farm, Lincs and Tip Top Farm Essex. The leaves were

stored at -80°C for future use

2.2.4. STERILISATION OF LEAVES AND PETIOLES

Newly emerging leaves and petioles were taken from glasshouse grown plants and
washed with running tap water. The plant material was submerged in sterile
distilled water with two drops of Tween-20 and agitated on a gyratory shaker for 10
min.. After washing, the plant material was again submerged in a 2% sodium
hypochlorite solution and agitated on a gyratory shaker for 15 min.. Finally, the
plant material was rinsed several times with sterile distilled water to remove traces
of sodium hypochlorite. The surface sterilised leaves and petioles were used as

explant source for callus initiation.
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2.2.5. PREPARATION OF EXPLANT

Surface sterilised leaves were used to punch out leaf discs for use in callus
initiation. Discs were produced using a sterile metal cork borer with an internal
diameter of 6 mm. Sterile petioles of about equal thickness were separated from
leaves after sterilisation and were placed into 90 mm diameter Petri dishes. The cut
ends of petioles, which were directly exposed to sodium hypocholorite during the
sterilising process became brown and were removed with the help of a fine sharp
scalpel. The rest of petioles were cut into approximately 10 mm long segments and

used as explants for callus initiation.

2.3. CALLUS CULTURE AND MAINTENANCE

2.3.1. CALLUS INITIATION

All type of explants were cultured on BS medium for callus initiation. Petiole
segments were placed horizontally on the surface of the culture medium and pressed
slightly to ensure contact with the medium. Three pieces of explants were placed in

each Petri dish (50 mm diameter).

The leaf discs were carefully placed on the surface of the culture medium, keeping
the abaxial surface up the discs were pressed slightly to make contact with the
medium and adaxial surface of the leaf discs. Three leaf discs were placed in each
Petri dish of 50 mm diameter. Petri dishes were sealed with a double layer of
parafilm. All the Petri dishes were placed upside down to avoid condensation and
inhibit light penetration. All the Petri dishes were placed randomly in the culture

room and incubated for six weeks before scoring callus growth.

2.3.2. SUB-CULTURE AND MAINTENANCE
Sub-culturing becomes imperative in order to maintain the culture or to increase the
volume of callus. Continuous growth of cells in a limited environment leads

eventually to the accumulation of toxic biotics and the exhaustion or drying-out of
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the medium. Therefore, callus requires to be transferred to a fresh nutrient medium
for continuity and enhanced callus growth. The length of sub-culture period depends
upon the rate of cell growth and genotype in use. Once well established, normal
callus culture lines will require regular sub-culture at approximately four weekly
intervals (Dixon, 1985). In the case of in vitro culture of soft fruit species, different
workers subcultured callus with different intervals ranging from 4 to 10 weeks (e.g.
Nehra et al., 1990: 8, 4 weeks. Toyoda, et. al., 1990: 30 to 40 days). For this
project it was decided that callus would be scored 6 weeks after initiation and then
subsequently subcultured for another four weeks before transfer to regeneration

media.

All the cultures were removed from the Petri dishes and only healthy-looking callus
pieces were sub-cultured on to the new media. Callus pieces were divided into small
pieces if they were large enough and transferred to the surface of fresh media in 50
mm diameter Petri dishes. All the cultures were incubated in the culture room with

the conditions given above. (Section 2.1).

2.3.3. MEASURING CALLUS GROWTH

Growth of callus culture has been measured using a number of approaches such as
callus fresh weight (Turner and Dickinson, 1993); % increase in callus fresh weight
(Chandler et. al., 1986; Jain et al., 1990); callus dry weight (Bressan et al., 1985);
automated image analysis (Nyange, 1994) and callus score based on an area covered
(Dietert et al., 1982; Ogihara and Tsunewaki, 1979). When selecting appropriate
methods emphasis was given to non-destructive and reliable techniques. Therefore a
callus score methodology was selected as a measure of growth. All the explants
were scored after 6 weeks of callus initiation. Callus growth was visually classified

into the five classes given in Table 2.2 depending upon the growth area covered.
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Table 2.2.  Scoring based on ranking (0 to 5) callus growth

Scores. Growth on the basis of areas covered.
0 No growth.

1 Growth started and covered only just margins.

2 Poor growth covered 1/4th area of explant.

Fair growth cover 1/2 area of the explant.

(]

4 Good growth covered 2/3 area of explant.

5 Vigorous growth covered all the explant.

The reasons for selecting a growth scoring method was that the same callus was
used for regeneration and further studies and this method provided maximum
security to avoid the risk of contamination, and also this method is very quick and

easy.

2.3.4. REGENERATION FROM CALLUS

To regenerate plants from callus pieces, 10 week old callus pieces were transferred
to a regeneration media in 50 mm Petri dishes and incubated for 4 weeks in a
growth room. After four weeks calli were transferred to fresh media for another 4
weeks. After a total incubation of 8 weeks on regeneration media bud and shoot
formation was noted. Regenerated shoots were transferred to the rooting media in
100 ml plastic vials and closed with plastic screw caps, and incubated in the culture
room until sufficient roots were developed. Shoots produced at 10 week old callus
on callus initiation media were directly transferred to the rooting media and

incubated until sufficient roots were developed.
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2.3.5. TRANSFER TO SOIL AND ACCLIMATISATION

Epicuticular wax that helps to control transpiration is lacking or present in reduced
quantities in the plantlets regenerated in vitro. Consequently, the regenerated
plantlets frequently show symptoms of severe water stress when they are transferred
to an open bench in a glasshouse (Grout and Aston, 1977). Control of the humidity
around the plantlets following their transfer from the high humidity atmosphere of
the culture tubes is critical for survival and special treatments were needed to

acclimatise the regenerated plants to the new environment.

Regenerated shoots with sufficient roots were removed from the vials. Roots were
washed thoroughly in running tap water to remove traces of agar, and handled very
gently. Regenerated plants with washed roots were transferred to the mixture of
50:50 perlite and compost in disposable plastic pots. Pots were placed in plastic
trays and flooded with water. Plants were covered with propagators for hardening
off and the trays were placed in the glasshouse. Plants were kept in the hardening
condition for four weeks and then transferred to 9 cm plastic pots containing

compost and watered regularly.

2.4. BIOCHEMICAL MARKER ANALYSIS

2.4.1. PROTEIN ELECTROPHORESIS

Of the many methods of electrophoresis available the dissociating buffer system
(SDS-PAGE) is most widely used to distinguish cultivars (Hames, 1981). In this
system polypeptides are fully denatured by reduction with Dithiothreitol (DTT), and
saturated with SDS, which eliminates charge variability between polypeptides,
giving them all the same charge to mass ratio and forcing them into a rod-like
shape. Separation in SDS-PAGE is based on molecular weight, eliminating
conformational and charge density variabilities. Electrophoretic migration is then

proportional to the effective molecular weight of sub-unit protein.
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2.4.2. SAMPLE PREPARATION

Mature fully expanded leaves (weight 0.2 g) were collected either from greenhouse
grown plants or from stored material at -80°C in a freezer and were ground in 800
pl of extraction buffer with an appropriate amount of fine purified acid-washed sand
(mesh+70). The extraction buffer employed was Tris-HCI containing 0.5M Tris-
HCI1 pH 7.5, plus 3% SDS and 0.25% Dithiothreitol (DTT). After grinding, sample
solutions were placed into 1.5 ml Eppendorf tubes and were labelled. The samples
were then centrifuged at 10000 x g for 10 min. to separate solid particles from the
soluble protein. The supernatant was decanted into 1.5 ml Eppendorf centrifuge

tubes and labelled.

2.4.3. GEL PREPARATION

Excel Gel TM SDS, gradient 8-18 preprepared gels and precast anode and cathode
SDS buffer strips were employed. Electrophoresis was carried out on a horizontal
Pharmacia LKB 117 Multiphore II electrophoresis unit. The plate of LKB 117 was
stabilised at 10°C by switching on cool circulating water 20 min. prior to
electrophoresis to avoid overheating at higher voltages. Approximately 1 ml of
0.1% of "Triton x" was applied on the plate to assure complete contact for thermal
energy exchange to prevent gel from overheating. The slab gels were placed on the
cooling plate with great care to avoid any bubbles between gel and plate. Cathode
and anode buffer strips were applied to the respective sides of the gel by applying
the narrowest sides of the strip on to the gel surface. A white sample loading well-

strip was placed on the gel close to the cathodec buffer strip.

2.4.4. SAMPLE APPLICATION
A duplicate sample volume of 10ul was applied with an auto pipette directly onto
the white well strip one by one in alternate wells to avoid diffusion. After applying

all the samples electrophoresis was carried out under the following conditions:-

(U8 ]
(18]
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Voltage. 600 V.
Current. 50 mA.
Power. 30 W

Time. 70 min.

A tracking Bromophenol blue dye was also loaded in the first and the last sample
for easier monitoring of the electrophoretic run. Electrophoresis was stopped when

the Bromophenol blue front reached the anodic buffer strip.

2.4.5. STAINING, DESTAINING AND PRESERVING OF GELS

Immediately after electrophoresis the gel was immersed in Coomassie Blue staining
solution (Phast Gel® Blue R 1 tablet and made up to 400 ml with destaining
solution), and left in the solution overnight. After staining, differential destaining
was undertaken by frequent changes of destaining solution (Ethanol 250 ml, acetic
acid 80 ml and made up to 1000 ml with distilled water) usually at least 2 to 3
changes of destaining solution were necessary before the background became clear
The gels were then transferred to preserving solution (Glycerol 87 %w/v 30 ml and

make up to 250 ml with destaining solution) and remained there until assessed.

2.4.6. GEL EVALUATION

Gels for variety description, discrimination and identification were evaluated by eye
using a light box (Hancocks Co.). For relief during determination gels were rinsed
several times and stored in distilled water. The distance that protein bands migrated
were measured and used to calculate Rf values (relative mobility of protein
subunits). In addition, the intensity of each band was recorded.
Electrophoretograms were created by means of an IBM personal computer and
Harvard Graphic/Draw partner programme (Vers.3.0). Photographs of the gels
were taken using an Olympus OM-2N camera, tripod, and light box, with a Kodak

200 ASA colour print film. Gels were preserved in a preserving solution.
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2.5. MOLECULAR MARKER ANALYSIS

2.5.1. SAMPLE STORAGE FOR DNA EXTRACTION

For molecular analysis plant leaves were collected from different culture conditions.
Collected samples were stored in 1.5 ml Eppendorf tubes after submerging them in
liquid nitrogen for a few seconds and then in a -80°C freezer until required for
analysis. Different samples were stored in different coloured Eppendorf tubes which
were clearly marked on the top and side showing types and generation /sub-culture
of the sample. For cultivar identification and regenerated plants freshly grown top

leaves were collected from glasshouse grown plants.

2.5.2. DNA ISOLATION

Extraction of DNA is the first step in molecular analysis. Plant DNA isolation
methodology has evolved rapidly in the last decade. From cumbersome, messy, and
often inefficient large scale phenol procedures, DNA technology moved to more
efficient methods involving ultra-centrifugation in caesium chloride gradients. Still,
such procedures are slow and expensive, and not well suited for assaying large
number of samples. More recently a number of "mini-prep" procedures have been
developed that permit rapid isolation of DNA using small amounts of tissue. There
are a number of different protocols available for extraction of DNA from small
samples, which is fortunate because it appears that different procedures work best
for different plant groups, as might be expected considering the great diversity of
plant secondary compounds that in many cases may interfere with a particular
method of DNA isolation."DNA extraction kits" such as "Pure gene" and "Elu-
quick" were assessed and found unsuitable for soft fruit species because a large
amount of other secondary chemicals (possibly phenolic substances) also came along
with extracted DNA, which inhibited the RAPD-PCR reaction. The CTAB DNA
isolation method was found to be very easy, quick and economical giving isolated
DNA of high quality with minimum smearing. The CTAB method described by
Doyle and Doyle (1987) was found best with the slight modifications described

below:
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0.5 g of leaf material was ground in liquid nitrogen with a pinch of sand, and 3 ml
of CTAB solution (100 mM Tris pH 8, 1.4M sodium chloride, 20 mM EDTA, 1%
DTT, 2% CTAB and 2% PvP-40) was added towards the end of grinding. This was
incubated at 60°C for 30 min. 2.5 ml of chloroform / isoamyl alcohol (24:1) was
then added and mixed well. The mixture was spun at 16000x g for 5 min., and the
resulting supernatant was decanted into another 1.5 ml Eppendorf tube containing
an equal volume of ice cold isopropanol and mixed gently to precipitate the DNA.
In most cases there was very clear precipitation of DNA. In those cases where DNA
was not precipitated, DNA was pelleted by spinning at 16000 x g for one min. The
pellet was rinsed with 1 ml 76% ethanol. The pellet was left under sterile conditions
in a laminar flow cabinet for 2 to 3 hours in order to dry completely. After drying,
the pellet was re-suspended in 500 ul of T E buffer (10 mM Tris-HCI, (pH 7.5), 1
mM EDTA). 5 ul of RNase A (10mg/ml) was added to the DNA and incubated at
65°C for 15 min. Any insoluble material was removed by centrifugation for 5 min.
at 16000g and the supernatant removed to clean sterile labelled tubes and stored at

4°C until required for PCR amplification.

2.5.3. ESTIMATION OF QUANTITY, QUALITY AND PURITY OF DNA

The DNA extracted from different samples was run on agarose gel directly as
described in Section 2.6.1. The samples showed a single, sharp band of about 23 kb
(Figure 2.1). A single sharp band of high molecular weight without smearing,
indicates a good quality DNA with uniform segment size and less damage during
the extraction process. When the extracted DNA samples were tested for PCR
work, the amplification was successful. Therefore the quality of the extracted DNA,

using CTAB methods was considered satisfactory for amplification work.

Quantification and purity of the DNA was based on the spectrophotometric
measurement of the amount of ultraviolet irradiation absorbed by the nucleotide
bases, as described by Sambrook et al. (1989). A DU®-65 spectrophotometer was
used for taking the readings. Silica (Quartz) Ultra Micro Spectrophotometer cuvert

(Sigma) was used for holding samples and T.E. buffer (10 mM Tris HCI, (pH 7.5),
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1 mM EDTA) solution was used for calibrations of the spectrophotometer at 260
nm and 280 nm. Readings were noted for each DNA sample at wavelengths of 260
nm and 280 nm. The reading at 260 nm was used to calculate the DNA
concentration in the sample. An optical density value 1.0 corresponds to
approximately 50pg /ml for double stranded DNA (Maniatis et al., 1982). The ratio
between the reading at 260 nm and 280 nm (OD,,/OD,,) provide an estimate of the
purity of DNA. Pure preparation of DNA have OD,,/OD,, value of 1.8. If there is
contamination of protein or phenols the ratio will be significantly lower than 1.8,

and higher ratios correspond to contamination by RNA.

2.5.4. DNA AMPLIFICATIONS

PCR were carried out for amplification of DNA. The techniques of William et al.
(1990) were adopted with slight modifications for DNA amplification of the
samples. Amplification reactions were carried out in volume of 50 pl of reaction
mixture in Ultraflux™ PCR tubes (Scotlab). The reaction mixture consisted of 10
mM HCI pH 8.5, 50 mM KCI, 25 mM MgCl,, 200 uM each of dATP, dGTP,
dCTP, dTTP, 1.25 units of Stoffel fragment Taq DNA polymerase (Perkin Elmer
Cetus, USA) and of Genomic DNA template were present at a concentration of 30-
40 ng per reaction based on dilutions calculated from spectrophotometer readings at
260 nm. and 0.2 yM of 10-base primers (Pharmacia Biotech, Uppsala, Sweden and
Oswel, Edinburgh, Scotland).

DNA amplification was carried out in Gene E (Techne) thermocycler, using a step
cycle, programmed for 45 cycles of 1 min. at 92°C for DNA denaturation, 2 min.
at 35°C for annealing, and 3 min. at 72°C for primer extension followed by a final
primer extension step at 72°C for 10 min.. A positive control comprising reaction
mix with A-DNA replacing genomic template DNA and two A specific primers were
often included to ensure the reaction components were working properly, and a
negative control, comprising the reaction mix minus DNA template was always

included to avoid contamination.
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After amplification reaction 10 pl of loading buffer was added to the amplified
products in order to stop any further reaction. 8-10 ul depending on the gel used
was loaded. Amplified DNA products were visualised by electrophoretic separation
using the same conditions as used for the visualisation of source DNA. A 100 base
pair DNA ladder (GIBCOBRL, Life Technologies™ ) was always loaded and used
to check the fragment length of the PCR products.

2.5.5. STANDARDISATION OF RAPD ANALYSIS
For best PCR results, optimisation of different reagents used in PCR reaction
mixture and other PCR conditions is a pre-requisite. These include, quantification

of target DNA, polymerase enzyme, primer and MgCl, concentration, temperature

and duration of each cycle and the total number of cycles for amplifications. In

particular the concentration of MgCl, can have the profound effect on the specificity

of vyield of an amplification (Saiki,1989).The magnesium ion (Mg™* ™)
concentration may affect all of the following, primer annealing, product specificity,
strand dissociation temperature of both template and PCR product, formation of
primer-dimer artefacts and enzyme activity and fidelity (Innis and Gelfand, 1990).
Muralidharan and Wakeland (1993) compared profiles from amplification which
differ in concentration of template and primer and found that apart from some
quantitative differences there were significant qualitative differences. Some of the
bands observed with lower concentration of template and primers were absent in
profiles from higher concentration of template and primer. Dramatic alteration in
RAPDs profile were produced by minute variation in the concentration of
magnesium below a level of 2mM threshold (Ellsworth et al., 1993). Therefore, it
is essential to optimise the magnesium ion concentration and amount of DNA

template for any PCR programme.

In this study nine different concentrations of magnesium ion (i.e. 0, 1.0, 1.5, 2.0,
2.5, 3.0, 3.5, 40 and 4.5 mM) were examined using one primer 35'
CACTGCAGTC 3'. DNA of the parent plant was used as the template and all
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other conditions were the same for all MgCly treatments. The amplifications were

carried out in two replications. The PCR protocol followed was as described under

Section 2.5.4.

The results obtained were quite clear (Figure 2.2). At 1 mM MgCl, concentration

only one band was visible whereas, at 1.5-2.0 mM at least three bands were visible
and at 2.5-3.5mM concentration seven bands. At higher concentrations the number
of visible bands reduced. Figure 2.1 shows that at the concentration of the 2.5-
3.5mM the number of bands are similar, but at the lower concentration resolution is
very sharp and an increase in concentration results in a loss of resolution. Therefore

it was decided that 2.5 mM MgCl, would be used for PCR reaction in this study.

The DNA concentration was also optimised by using 10, 20, 30, 40 and 50 ng in
each reaction and it was found that to be 40 ng in each reaction gave good results
and this concentration was used in this study. The optimum DNA concentration was
found to be 40 ng in each reaction. Different workers used different DNA
concentration in PCR reaction Graham et al. (1996) 15 ng, Graham et al. (1994) 20
ng, Lanham et al. (1995) 50 ng, and Parent (1993) 20 ng, Hancock et al. (1994) 50
ng. The reason for these differences might be the quality of extracted DNA, the
accuracy of DNA quantification methods used to estimate the DNA concentration,

and the PCR conditions employed.
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Figure 2.2. Effect of different concentrations of (Mg++) ion on the amplification

of DNA in RAPDs. Number of each lane represent