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ABSTRACT

Black wattle was introduced into South Africa from Australia in 1864 as a tree to be
used primarily for shade for livestock, shelterbelts, windbreaks, and for fuel wood.
Today black wattle is a major plantation species that contributes substantially to the
South African forestry and forest products sector making up approximately 7 % of
South African plantation forestry. The demand for black wattle bark products and
timber has cemented both locally and internationally, its place in South African
forestry. Due to the limited number of seeds that formed the genetic base of South
African black wattle, it is expected that the South African population is genetically

rather uniform.

The aims of this investigation were to generate RAPD fingerprints of black wattle
trees in order to identify putative markers linked to the disease complex gummosis.
Together with this research, an assessment of the genetic variation and genetic
relatedness of the trees included in this investigation was also undertaken. As this
was the first investigation of its kind, the DNA isolation method, as well as the PCR
conditions needed optimization before the final fingerprints could be generated and

analysed.

The plant material used in this investigation was obtained from the Institute for
Commercial Forestry Research (ICFR) nursery in Pietermaritzburg, KwaZulu-Natal.
Leaf samples where taken from four families, of which three where susceptible to the

disease complex gummosis and one was resistant to the disease. These four
families included three half-sib families and one full-sib family.

In all molecular techniques, the efficient isolation of DNA is an important step in the
process and it is therefore important that suitable DNA isolation procedures are
employed that yield pure and high molecular weight DNA, which is used in
subsequent analyses. Furthermore, it would be advantageous if the selected
procedure were quick, easy to apply and cost effective and, if possible, devoid of
dangerous chemicals. The isolation of DNA from black wattle has proven to be
problematic because of the presence of high levels of polysaccharides, polyphenols,

and tannins in the cells, making it difficult to separate the DNA out. Thus, the first
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part of this study involved the optimization of a suitable DNA isolation method that

was assessed both quantitatively and qualitatively.

Three DNA isolation methods were compared; CTAB method, salting out method,
and Chelex®-100 method which was a modification of the CTAB method. The CTAB
method was selected as being the most effective isolation method because it
produced the best quantitative and qualitative results as compared to the other two
methods, which produced degraded, low purity and low concentration DNA. The
CTAB method was optimized by increasing the concentration of
polyvinylpolypyrrolidone (PVP) and 2-mercaptoethanol, which are reagents
responsible for the binding of contaminants. The DNA concentration isolated by the
CTAB isolation method ranged from 0.001 pg/ml to 0.0015 pg/mi with an average
concentration of 0.001364 ug/ml and the purity ranged from 1.7 to 2.1 with an

average purity of 1.9, which was within the standard range of pure DNA.

Successful amplification of DNA through PCR is species specific and dependent
upon obtaining the most optimal combination of reagents and conditions. In this
investigation the DNA template, primer and magnesium chloride concentrations were
optimized. Several DNA concentrations, ranging from 50 ng/ul to 100 ng/ul were
assessed and found that 100 ng/ul of genomic DNA gave the most consistent and
brightest DNA fingerprint bands for black wattle. Likewise, the optimal primer
concentration was found to be 2 uM and for MgCl, 2.5 mM. The optimization of the
PCR settings to amplify DNA was undertaken by varying the annealing temperature

from 29°C to 41°C. 37°C produced the most reproducible and clear fingerprint bands

and was selected as the optimal annealing temperature.

RAPD fingerprints were evaluated to identify loci that were suitable to score for all
subsequent analyses. Loci were selected if the bands that they produced were clear,
repeatable and consistent. A total of 94 loci produced consistently clear and
repeatable bands and were scored according to a binary format, where the presence
of a band (presence-phenotype) was given a value of “1” and the absence of a band

(null-phenotype) was awarded a value of “0”, thereby producing a digital fingerprint.

xiv



The RAPD fingerprints were assessed for the presence of a band linked to the
disease complex gummosis, by comparing the fingerprints of the disease resistant
individuals to those of the fingerprints of the disease susceptible individuals. One

such band was identified.

The performance of the primers was assessed for the number of loci that they
amplified and the number of polymorphic and monomorphic loci. The number of loci
amplified by the different primers ranged from five to 13. Five of the primers
amplified only monomorphic loci, while the remaining nine amplified monomorphic as
well as polymorphic loci. Of the 94 loci that were scored 27.7 % (26 loci) were
monomorphic, while 72.3 % (68 loci) were polymorphic. It was found that the GC
content of the primers did not influence the primers used in this investigation in any

particular way.

Genetic variation within this group of black wattle individuals was quantified for each
family individually as well as for the entire population. The quantification of genetic
variation was undertaken by determining the percentage polymorphic loci, Nei's gene
diversity, Shannon’s Information Index and estimated heterozygosity. All these
measures of variation clearly demonstrated a rather limited amount of genetic
variation in this population, which was also true for each of the families. The
polymorphic content of the entire population was estimated as 58.51 %. However,
family 101 displayed the highest values for Nei’'s gene diversity (15.56 %) and
Shannon'’s Information Index (23.64 %). As expected, the only family containing full-
sibs (101x77) contained consistently the least amount of genetic variation (Nei's
gene diversity = 10.64 %; Shannon’s information index = 15.89 %). Second to family
101x77 was family 18, expected for a half-sib family with a small number of
individuals. The two larger families, 99 and 101, both displayed nearly double the
number of polymorphic loci (43.62 %; 46.81 %) than the two smaller families (28.72

% for both), probably indicating the need to evaluate larger families or more loci.

The estimated heterozygosity for the population was determined by firstly estimating
q, the frequency of the recessive allele, from the frequency of the null-phenotype at
each locus by computing the square root, and thereafter calculating 2pq, the
estimated heterozygosity. For the entire population the estimated heterozygosity is

averaged over all ioci. The estimated heterozygosity of this population was low, an



average of 24 %, with the lowest percentage estimated at a particular locus of 4 % (2
loci) and the highest of 50 % (4 loci). The mean heterozygosity of the loci of the

different primers individually ranged from 11 % to 39 %.

Genetic relationships between families and among individuals within families were
quantified according to Nei's unbiased estimate of genetic identity (I) and distance
(D). A pairwise analysis between the individuals within the different families revealed
in general that all identities were high, between 71% and 99 %. The similarity
ranges were narrow for the two small families; 80 % to 93 % for family 18 and 80 %
to 96 % for family 101x77. The two larger families, on the other hand, displayed a
larger range in similarity comparisons; 72 % to 98 % for family 99 and 71 % to 99 %

for family 101.

A comparison of genetic identity between the four families also displayed extensive
genetic similarity ranging from 92 % to 99 %, which was expected for each of the
families; however, it was an unexpected result that the families were so closely
related. These data therefore clearly support the notion that the genetic base of

South African black wattle population is narrow.

An analysis of family differentiation was undertaken by conducting an analysis of
molecular variance (AMOVA) by employing the software programme ARLEQUIN.
The results of the AMOVA partitioning of RAPD variance among and within families
revealed of the total genetic variation, 87.86 % was attributable to within family
variation and only 12.14 % to between families variation in black wattle, both highly

significant (P<0.001) thus indicating that there is a significant genetic differentiation
between and within families.

Wright's fixation index (Fs7) is also computed to estimate population differentiation,
but unlike AMOVA that estimates population differentiation directly from molecular
data, this index estimates the differentiation by assuming Mendelian segregation of
alleles. The calculation of Wright's fixation index (Fst), confirmed the results
displayed in the AMOVA analysis, revealing a significant Fsr value of 0.12140, which
is the same as what the AMOVA estimated. According to Wright's guidelines, a

value between 0.05 and 0.15 indicates great genetic differentiation between
subfamilies.



The data generated in this investigation supports the notion that South African black
wattle is genetically rather uniform, due to its introduction history from Australia were
a limited number of seeds were brought into the country. Furthermore, these data
clearly emphasize the importance of such analyses as marker-assisted selection is a
major activity in general breeding programmes and the knowledge of the extent of
available variation is required in order to identify and select suitable superior

genotypes to use in breeding programmes.
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CHAPTER 1
INTRODUCTION

1.1  INTRODUCTION

Plant breeding - the art and science of improving the heredity of plants and trees for the
benefit of humankind has been practised for many centuries. Plant breeding today is a
complex and sophisticated industry, generating vast amounts of revenue. The recent
introduction of modern technologies such as, mutation breeding, tissue culture, marker-
assisted selection, and various other biotechnologies has greatly facilitated the rapid

growth of the industry.

Traditional plant breeding involves the selection of parental plants with desired traits,
crossing, the collection, and planting of seed. The results of such crosses are then
evaluated after the cultivation of the progeny (Sedjo, 1999). This is a relatively slow and
labour-intensive process. It is important to note that plant breeders work with entire
genomes, and when a cross is made to introduce desirable traits, one or more
undesirable traits are also introduced; and these must then be painstakingly “bred out”
(Helentjaris et al., 1985). The techniques of biotechnology can be used to speed up the
process and improve the precision of plant breeding.

Biotechnology success in agriculture has been tremendous over the past few years
(Hayami and Rultan, 1985). Techniques have been developed that allow specialised
genes to be implanted in plants. These can be naturally occurring or modified genes.
Recent applications of genetic engineering in agriculture have been successful in
transferring to agricultural crops a host of desired traits including resistance to insects,
herbicides, frost, disease, and so forth. The success of genetic approaches for

increasing yields and generating desired modifications in agricultural plants is
unquestionable.
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Biotechnological issues in commercial forestry revolve around the scientific and
technical ability to develop superior trees, using traditional breeding techniques to take
advantage of the variability provided in the species. One important area is the potential
to use DNA to determine desirable wood qualities. Disease tolerance is also one of the
exciting prospects for the future (Mohan et al., 1997). Tools of this form could drastically
improve the process of selecting disease tolerant, fast growing trees with excellent wood

qualities in various tree species.

Currently, most of the world's industrial wood is drawn from commercially planted forests
in what is essentially a foraging operation. In the past, harvests were taken from
indigenous forests as humans simply collected the bounty of nature (Sedjo, 1999).

Table 1.1 indicates progress made over time in the plantation forestry industry.

Table 1.1 Progress in tree breeding strategies over time (adapted from Sedjo, 1999).
Type “ Period

| Wild forests - ;0,000 B.C. - curr(;r;t_ i
Managed forests 100 B.C. - current
Planted forests 1800 - current
Planted, Intensively managed 1960 - current

Planted, Superior trees, Traditional

Breeding techniques 1970 - current

Planted, Superior trees, Genetic Modification 19997 - future

Even though forest management began in China as early as 100 BC (Menzies, 1985),
significant areas of managed forest were not common until the Middle Ages. Planted
forests began in some earnest in the 19" century in Europe, and the middle of the 20t
century in North America (Sedjo, 1999).

In South Africa, by utilising the genetic variation and different provenances of a

commercially available forestry species, both government and private forestry



3

companies have been able to convert 1 518 138 hectares (1997) of previously
unforested land throughout South Africa. Today the industry is worth R12 billion and it
directly provides about 68 000 jobs with a further 40 000 through contractorization.
Total export earnings of the associated forestry processors represent R5.5 billion per

annum. Nett export earnings from this industry are R2 billion per annum (Harvett, 2001).

Indigenous or plantation forestry in South Africa stretches from Mpumalanga in the north
through to the Western Cape in the south and includes numerous environmentally
diverse sites, each with its own unique influence on tree growth (Harvett, 2001). The
major species that were initially introduced over the past 30 years by Mondi Tree
improvement Research (TIR) was pine from Mexico, a number of different pure
eucalyptus species, and black wattle from Australia (Dvorak et al., 2000). The
introduction and evaluation of new eucalyptus species is currently being co-ordinated
through the Institute of Commercial Forestry Research (ICFR). New species of pine and
provenances of eucalypts have been introduced through CAMCORE and professional

contacts with individuals within the forestry industry (Dvorak and Donahue, 1992).

The great variation in the South African environment has had a substantial influence on
the development of forestry in the country. Selection of species suited to areas with
distinctly different climates and soil types has involved great effort (Hagedorn, 1993).
Acacia mearnsii (black wattle), native in Australia, is an important plantation tree in
South Africa. The tannins from the bark is used in leather tanning which was previously
primarily why black wattle was grown, however this use is now considerably less due to
the utilisation of vegetable tannins in the leather tanning industry. The timber is used for
mine props, poles and more recently and to a greater extent in the pulp and rayon

industry. South Africa produces about one million tons of black wattle timber per annum
(Dunlop et al., 2000).



1.2 BLACKWATTLE
1.2.1 Introduction

Research conducted over the past 50 years has played an important role in transforming
black wattle (Acacia mearnsii) introduced into South Africa from Australia, as a tree to be
used for shade for livestock, shelterbelts, windbreaks and for fuelwood, into a major
plantation species that contributes substantially to the South African forestry and forest
products sector. Today, commercial black wattle (Acacia mearnsii) plantations make up
approximately 7 % of the South African plantation forestry estate and provide

employment, directly and indirectly, to over 36 000 people (Dunlop, 2002).

In Australia black wattle occurs naturally in the south eastern region along the coastal
lowlands, and at moderate altitudes of the adjacent interior of southern New South
Wales and Victoria, as well as at lower altitudes in eastern Tasmania. Over the
relatively wide natural range of the species, the annual rainfall varies from as low as 450
mm per annum to as high as 1 500 mm. In Australia, black wattle appears to grow best
where the rainfall ranges from 625 to 875 mm, the mean maximum and minimum
temperatures for the warmest and coolest months are 28°C and 0°C respectively, and
frosts are limited (Sherry, 1971).

It is reported that Charles and John van der Plank introduced the first black wattle seeds
into South Africa from Australia in 1864 (Sherry, 1971), and the first black wattle
plantings were carried out about ten years later. By 1884 there was enough black wattle
bark in South Africa, and therefore tannin, to conduct the first tanning tests and in 1888
the results indicated that the bark was rich in vegetable tannins, which could be used to
tan hides for producing leather of excellent quality (Dunlop, 2002). This led to the
establishment of plantations for the production of bark for export and widespread

planting of black wattle throughout South Africa, with the greatest success in KwaZulu-
Natal (Jarmaine and Lloyd-Jones, 1982).
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In the mid 1900's the total area under black wattle plantation had risen to approximately
300 000 hectares when the demand for black wattle bark extract rose dramatically due
to the need for saddles, boots and other leather requirements for the soldiers of World
War Il. The subsequent decline in demand for vegetable tanning agents both locally
and internationally led to the area under black wattle shrinking to about 130 000
hectares by the turn of the 19™ century, making up about 7 % of the South African

commercial forestry areas (Dunlop, 2002).

In 1937 the South African Wattle Growers' Union (SAWGU) was founded to represent
the interests of black wattle growers in South Africa and in 1947, the Wattle Research
Institute, now called the Institute for Commercial Forestry Research (ICFR), was
inaugurated to conduct research into particular aspects of black wattle growing, such as
silviculture, genetics, chemistry and entomology (Haigh, 1993). At that stage the black
wattle industry was driven mainly by the demand for vegetable tannin, and most of the
wood was used for firewood or discarded. Research activities aimed to develop
silviculture techniques that reduced the cost of growing the trees and improved the
yields. Tree breeding research selected strains with increased disease resistance, and
good vigour while entomology and plant pathology researchers studied the major pests
and diseases affecting the black wattle (Gibson, 1964).

The demand for black wattle bark products and timber has cemented both locally and
internationally, its place in South African forestry (Sherry, 1971). The emergence of
competitive markets for black wattle timber and new bark products has brought the need

for new research initiatives to provide innovative, multi-disciplinary solutions.

1.2.2 Black wattle products

Black wattle is a very versatile and useful forestry tree. Apart from the commercial value
of black wattle extract obtained from the bark, the timber has in the past few years also

been identified as a source of raw material for high quality pulp (Barnes, 2001).



Black wattle extract

Black wattle extract is used mainly as a vegetable tanning material because of its
relatively high tannin content. The tannin combines with skin protein to form leather,
which under normal conditions is not putrescible, even in the wet state, whereas raw
skin is readily putrescible in the wet state (Stubbings, 1977). Vegetable tanned leather
for shoes, belts, bags, saddles and other products is the main application for black
wattle extract using well-known brands, Mimosa ME, Powder and Elephant, Unicorn and
Ostrich Solid Mimosa. An important derivative of black wattle extract is the thermo-
setting industrial adhesive sold under the Bondtite brand name. It is extremely popular
because vegetable-based extract products are considered to be environmentally friendly
(Dobson and Feely, 2002).

Black wattle timber

For a long time, black wattle timber was regarded as little more than a by-product, but
over the past few years its value has dramatically increased. Black wattle timber was
traditionally used for firewood and building purposes and products such as parquet
flooring blocks, furniture, and hardboard, as well as mining timber, structural timber and
fencing poles. Black wattle timber is relatively hard and knotty, and combined with the
small log sizes, is generally not suited for saw timber. However, these properties,
combined with the dense timber properties, favourable prices for black wattle and
exports, has seen the demand for black wattle timber improve in various markets and
other uses (Sherry, 1971). In recent years, it has become a popular source of high
quality fibre for pulp production (Gourlay and Barnes, 1994). Black wattle timber is also
well suited to the manufacture of charcoal. As long as the 'braaivleis' remains a South
African way of life there will always be a demand for firewood and in this field the wattle

Is eminently suitable (Jarmain and Lloyd-Jones, 1982).

In addition to the uses already mentioned, a further use of black wattle timber is being

investigated, and that is its possible conversion to liquid fuel for internal combustion
engines (Dobson and Feely, 2002).



1.2.3 Threats to black wattle plantations

Black wattle as a crop is subjected to injury by numerous agencies both organic and
inorganic. The main threats to black wattle plantations are abiotic injury, mammalian

injury, insect pests, and diseases.

Abiotic injury can be caused by fire, wind, hail and frost. Black wattle is most vulnerable
to fire during the winter months when strong, dry winds may prevail. Fires from burning
slash and natural grasslands near the plantations are also responsible for majority of
plantation fires. Wind damage is generally limited to the breakage of one or both stems
of forked trees or to uproot trees with weak root systems. In the summer rainfall region
of South Africa there are clearly defined zones known as 'hail belts' where the probability
of hail is above average (Sherry, 1971). Where possible, black wattle should not be
planted within these zones as the species is susceptible to hail damage. In South
Africa, temperatures below freezing injure the stem cambium and may cause swelling
near the base of the stem. If the temperatures fall below -4°C the trees usually die, or

are killed down to ground level (Beck and Goodricke, 2002).

Mammalian injury is another threat to black wattle plantations. Monkeys have been
known to cause stem damage by searching for gum, which exudes from black wattle
trees (Sherry, 1971). Wild animals, cattle and goats cause browsing damage to young
seedlings in the first months after planting. Current trials have indicated that a simple

wire cage with netting, protecting each seedling, will prevent it from being damaged
(Hagedorn, 2001).

All the insect pests that attack and affect the silviculture of black wattle seedlings and
established black wattle trees in South Africa are indigenous. These insects can be
grouped into those pests that affect the establishment of black wattle seedlings, pests of
establishment, and those pests that damage trees after they become established, post-
establishment pests (Govender, 2002). The whitegrubs and cutworm are pests that
affect the establishment of black wattle seedlings in the re-establishment of previous
black wattle sites (Govender, 1995). More often than not these pests cause death of

seedlings if effective insecticides are not administered in time. Wattle bagworm and
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wattle mirid are known as post-establishment pests. Both of these pests cause
defoliation of the black wattle trees but can be controlled using insecticides (Govender,

2002).

A number of diseases caused by biotic agents have been identified for black wattle in
the past 100 years. Some of these diseases, caused by pathogenic fungi, have resulted
in considerable losses to the black wattle industry (Roux, 2002). The Albert Falls
disease is characterised by the rapid wilt and death of affected trees as well as branch
death and yellowing of the foliage. Although many different fungi have been isolated
from infected material, the causal agent has not been identified (Wingfield and Roux,
2000). Another disease, Ceratocystis wilt, is characterised by the rapid wilting and
eventual death of trees (Wingfield et al., 1996). The only control measure available for
this disease is the selection of disease tolerant trees. With the use of molecular tools,

the selection of disease tolerant trees has become possible (Roux, 2002).

The term gummosis refers to a disease condition where gum is exuded from the tree
(Roux et al., 1995). The exudation of gum is an inherent reaction of the tree to stressful
conditions, either from external injury or infection by a pathogen. In South Africa, the
term gummaosis has been applied to a complex of diseases associated with black wattle,
for example the black butt disease (Zeijlemaker and Margot, 1971). There are two
means by which its incidence can be eliminated. The first of these is by trying to prevent
rapid growth in plantations, and to avoid mechanical injury to the trees when fungal
attacks are at an optimum. The second method for the control of gummosis has been
achieved by selecting and breeding trees resistant to the disease complex, including
black butt disease (Zeijjlemaker and Margot, 1970).

Problems associated with pests and diseases must be actively addressed in order to
control the survival and success of the black wattle industry in South Africa. It can be
envisaged that diseases of black wattle and other forestry species will increase in the
future, due to the movement of people around the world and the increased trade
between countries. It is therefore imperative that effective tree breeding strategies be

implemented in order to protect and conserve the black wattle species.



1.2.4 Improvement of black wattle

Unlike most forestry species, black wattle was generally cultivated for its bark with
timber production being a secondary consideration (Sherry, 1971). Initially the aims of
black wattle improvement programmes were to improve the quality and quantity of the
bark yields of black wattle and to supply the industry with improved seed (Dunlop, 2002).
However, with the recent increase in the use of black wattle timber in local and
international pulp mills, the emphasis in the breeding programme has changed from
improving bark yield and quality, to improving timber yield and quality while maintaining
an acceptable bark quality, with one of the main breeding criteria being the introduction

of disease resistance (Dunlop et al., 2003).

Any successful long-term forest tree improvement programme has a well planned

strategy. This strategy usually encompasses two aspects (Dunlop, 2002):
> the breeding activities employed to improve the species, and

» production plans to establish production seed orchards (seedlings or clonal) or to

mass produce clones.

Black wattle breeding

Provenance testing, vegetative propagation, pollination mechanisms and progeny

testing are the different breeding activities used to improve the black wattle species.

Provenance testing

Provenance testing is important in tree breeding as it evaluates the variation that exists
within a species when the parent trees are selected from different geographical regions.
Such species have strains within them, which have evolved and adapted themselves to
various conditions. Therefore trees of a particular species growing in one area may not
be suitable to grow in another area. These different 'populations’ of trees within the

same species are referred to as provenances of the same species. Therefore
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provenance selection forms one of the basic activities in tree improvement (Dunlop,
2002).

Various trials have been performed in order to determine which Australian provenances
are the best for obtaining seed material for South African conditions (Dunlop and
Hagedorn, 1998). These trials have succeeded in identifying certain provenances in
Australia, such as Stratford, Bateman's Bay and Cann River, as being more suitable
than others for growth under South African conditions. In the colder parts of the black
wattle growing areas of South Africa, there is also a need for frost tolerant trees.
Hagedorn (1993) suggested the use of the Australian Lake George material to create a
cold tolerant population. Australian material from Lake George and Mittagong and
various local seed sources have been used to establish a frost tolerance trial near
Sheepmoor in the south eastern Mpumalanga area (Dunlop, 2002). These results will
act as indicators of where to obtain seed in Australia for inclusion in the South African

breeding programmes in the future.
Vegetative propagation

Vegetative propagation is an option employed to speed up genetic improvement
programmes of forestry trees and is fast becoming a very important nursery
management tool (Garbutt, 1971). The main uses of the vegetative propagation in
improvement programmes are to multiply selected parent trees with superior genotypes
sO as to avoid the risk of loss, to multiply material for experimental purposes, to produce

clonal material of superior genotypes, and to provide stocks on a commercial scale
(Dunlop, 2002).

The first rooted cuttings experiments with black wattle started in 1944 through the
employment of air-layers, however by 1964 the limited value of the air-layers became
apparent, as they were labour-intensive and short lived. Numerous unsuccessful
attempts had been made since then to vegetatively propagate black wattle. It was only
in 1997 that Ken Liesegang, a private nurseryman, successfully cultivated rooted

cuttings from black wattle seedlings (Dunlop, 2002). Subsequently, intensive research
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has continued to investigate vegetative propagation through rooted cuttings (Beck,
1999).

Pollination mechanism

There are two possible pollination strategies employed in black wattle breeding and

improvement programmes; namely, open-pollination and controlled-pollination.

Open pollination relies mainly on the pollination brought about by insect activity. Moncur
et al. (1991), found a wide range of insect species on black wattle flowers with honey
bees having the most polyads (carries the pollen) on their bodies. This system is
currently used in the black wattle production seed orchards. If trees with superior
genotypes are planted in close proximity to one another, an acceptable level of cross
pollination is achieved without any human intervention, resulting in sufficient improved
seed to satisfy the requirements of the industry (Dunlop et al., 2003). Controlled
pollination on the other hand, is a technique to produce offspring, which receive genes
from each of two known parent trees. It consists of transferring pollen manually from one
tree to receptive female strobili (cones) of another tree, while excluding all other pollen
(Dunlop, 2002). This method is not being used and has not been used in the breeding

programme to date.

Progeny testing

Progeny testing was introduced into the black wattle industry in the 1940's to test
genotypes in order to determine the breeding values for individual trees. Superior trees
were selected using morphological and chemical characteristics and their progeny
evaluated to estimate the value of the parental genotype (WRI, 1948). The intention
was to select trees whose progeny showed outstanding characteristics, propagate them
vegetatively, and then to intermix the clones in isolated plantations. The cross
pollination between these selected clones should in theory produce superior strains.
This method was a sound basis for a breeding strategy: however, with the limited

success achieved with vegetative propagation, this breeding strategy still remains
theoretical (Dunlop, 2002).
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In 1950 the selection of superior phenotypes began and seed collected from these trees
were planted in progeny trials (WRI, 1950). This was thus the beginning of many
selections and subsequent progeny tests. The half- and full-sibling progeny trials that
were established were used to estimate genetic parameters and to provide superior
seed for the plantations. Results from these trials indicated that mass selection was
suitable. These results also indicated that individual tree heritability rates were
estimated for tannin content as 0.55, for gummosis as 0.29, for bark thickness as 0.22
and for diameter as 0.14 (WRI, 1963). These trials showed the potential for selection
and their results showed that early selection could be employed with confidence. The
many progeny tests planted over the years have identified, and continue to identify,
material for inclusion in seed orchards that have since the late 1960’s supplied the

industry with improved black wattle seed (Dunlop, 2002).
Black wattle production

The production of improved seed is central to the black wattle industry. Improved seed
is produced by the establishment of seed orchards for black wattle. The first seed
orchard was established in 1965 with two objectives in mind: firstly, to bring together the
best parents of families which were outstanding in one-parent progeny tests, and
secondly, to form the basis of a plantation for seed production (WRI, 1965). Since 1965,

numerous seed orchards of black wattle have been established.

The performance of seed orchard material is tested against unimproved commercial
material available to ensure that improvement is in fact occurring. In the black wattle
improvement programmes, this involves the inclusion of improved seed in progeny trials.
In 1970, the Wattle Research Institute tested its seventeenth progeny trial and found
that there was no difference between the commercial and seed orchard material for
height, but the seed orchard material was 6.7 % more disease free than the commercial
family (WRI, 1970). From these trials and results it became clear that the improvement
programmes were in fact producing improved material (Dunlop, 2002).

In the black wattle industry it has been recognized that early identification of superior

genotypes, in juveniles, would greatly facilitate and speed up breeding programmes.
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With the recent development of techniques such as the polymerase chain reaction
(PCR) (Kary and Mullis, 1985) and DNA fingerprinting techniques, it has become
possible to assess the genetic make-up of individuals directly. Such molecular
technologies have been introduced into the forestry industry and are currently being
used on a growing scale. In the black wattle industry, molecular technology is still in its

infancy and requires extensive basic research.
1.3 MOLECULAR FINGERPRINTING IN FOREST TREE BREEDING

DNA fingerprinting, identification analysis, profiling or typing all refers to the
characterisation of an individual's genome. Every organism has a characteristic
phenotype or physical appearance because it possesses a unique, hereditary genotype
or make-up (Kirby, 1990). The exception to this rule is identical twins, or clones, as they
have the same unique genotype with only subtle differences in phenotype, brought
about through complex developmental events and environmental conditions. The DNA
of any individual is identical whether it i1s extracted from roots, leaves, or stems
specimens (Bruford et al.,, 1992). These principles of individual uniqueness and
identical DNA structure within all tissues of an organism provide the basis of DNA

fingerprinting.

The genetic material present in every cell of an organism, through the employment of
molecular technologies, produces a DNA fingerprint unique to the individual. Most of an
individual's genetic material is found in the nucleus; however, a small portion occurs in
cellular organelles, which are the mitochondria and chloroplasts (Snustad and Simmons,
2000). The small size, relatively rapid rate of evolutionary change and maternal
inheritance of mitochondrial DNA, has made it useful for examining population structure

and evolutionary relationships (Bruford et al., 1992).

Both sources of DNA, nuclear and cytoplasmic, are broadly made up of two types of
sequences: (i) sequences that encode for proteins that determine phenotypic traits such
as plumage, height and weight, and (ii) sequences that do not appear to encode a
particular product (Snustad and Simmons, 2000). DNA fingerprinting is based upon

identifying polymorphic DNA that varies from individual to individual. Genetic markers,
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or molecular markers as they are otherwise known, are identified through amplification
of their specific sequences by short DNA probes called primers. These primers produce
different sized amplification products, which may be accompanied by cleavage. The
resulting products are separated in a suitable matrix and visualized as a fragment
profile, called a fingerprint (Avise, 1994). The genome of most eukaryotes is so vast,
that it contains many mutations in sequence composition, brought about by
substitutions, insertions and deletions. The probability therefore, that two individuals
contain an identical set of markers is low, providing a means to produce unique
molecular fingerprints for individuals (Krawczak and Schmidtke, 1994). Thus, the
probability of producing unique fingerprints depends on the type and number of

molecular markers used to produce the fingerprints.

Many DNA fingerprinting activities have been undertaken on organisms including micro-
organisms, plants and animals. These studies have focused on intra-population studies,
where there is a need to identify individuals or determine paternity. It has however, also
been applied to other population-based studies, such as looking at population structure
and evolutionary relationships between populations and species. Interesting
investigations such as the assessment of genetic stability in somatic embryogenesis-
derived populations of black spruce has also been undertaken and have revealed that

no variation was detected within clones (Isabel et al., 1993).

In recent times DNA fingerprinting has become a standard technology in many
commercially utilised species, as well as a range of other species. However, the
number of investigations that relate to black wattle is rare. In other forestry species a
number of molecular investigations have been published. For instance, in pine, species-
specific markers were developed and used to characterise eight pine species (Nkongolo
etal., 2002). Similarly, markers were used in eucalyptus to obtain fingerprints for the 15
genotypes (Rodrigo et al., 2002). Diversity studies is another very popular area where
fingerprinting is used (Luciane and Cavalli-Molina, 2000). Hwang et al. (2001)
conducted a study on two species of Chamaecyparis, a valuable timber producing tree
in Taiwan, to determine the genetic variation. High levels of genetic variation were

estimated, thus indicating extensive genetic differentiation through evolution in the two
species.
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1.3.1 DNA molecular markers

Molecular markers are not genes in the classical sense in that molecular markers
usually do not encode for a particular protein product. Molecular markers are however
DNA sequences that show different levels of variation and are extremely useful in a
number of fields of genetics such as mapping and fingerprinting, as molecular markers
are constant ‘landmarks’ in the genome, which display a certain amount of
polymorphism. These are differences in sequences between individuals that reside at a
particular site and it is these different polymorphic types that are termed ‘alleles’, which

are the essential ingredient required for the fingerprinting process (Parker et al., 1998).

Polymorphism detection or DNA variation is used to compare individuals, populations
and species. This has developed into a number of different technologies all targeting
different parts of the genome in different ways. Much of this genetic variation may be
associated with non-coding regions of the DNA and therefore has no impact on
phenotypic expression of variability, nor is it subject to natural selection, which acts at

the level of the gene product (Cooke and Buckley, 1987).

The physical aspects of DNA make it attractive to be used for marker analysis. DNA is
found in nearly all cells of all organisms and can be recovered from both living and dead
tissue. Tissues can also be stored more easily under field conditions and in many cases
only nanograms of DNA are needed for analysis, when using the polymerase chain
reaction (PCR) for amplification (Williams et al., 1990). Therefore, for inter- and intra-
population studies’, studying the DNA itself is far more useful and accurate in studies on

individual identification, paternity testing, inbreeding assessment, genetic diversity and
population structure analysis or phenotypic traits.

In the investigation of genetic differences between individuals, the challenge is however,
to find an appropriate method that will reliably reveal sufficient genetic variation to
answer a particular question, with a minimum amount of effort and expense (Parker et
al., 1998). The type of genetic markers available for these iInvestigations can be sub-
divided into two groups according to the number of loci involved. The first group or class

of genetic markers, known as the multi-locus markers, analyses several loci
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simultaneously, yielding a DNA fingerprint in one step. The single-locus markers, on the
other hand, aim at one locus and therefore require the combination of several locus-
specific assays to achieve a similar multi-locus type DNA profile (Krawczak and
Schmidtke 1994). At present, a number of methods are available that fall under either
multi-locus method of detection or single-locus methods. The more popular methods
make use of PCR, which allows for the production of large amounts of a specific DNA
fragment with a particular length and sequence, from small amounts of template DNA
(Innis et al., 1990).

PCR, which was developed in 1985 by Kary and Mullis, has revolutionised molecular
biology and genetics by permitting the isolation and characterisation of specific DNA
fragments and has resulted in the development of diverse applications in many fields
(White et al., 1989). In order for PCR to function effectively, however, primers that flank
the target sequence and initiate the chain reaction are required. Some of the single-
locus molecular markers such as restriction fragment length polymorphisms (RFLPs),
micro- and minisatellites which are generally referred to as simple sequence repeats
(SSRs), require specific primers to function, whereas multi-locus markers, such as
random amplified polymorphic DNAs (RAPDs) and amplified fragment length
polymorphisms (AFLPs), use arbitrary primers. Due to the specific nature of the single-
locus markers, only the particular locus in question is amplified, whereas in the case of

multi-locus markers a number of arbitrary loci are amplified.

Single-locus markers

There is a wide range of different single-locus molecular markers that have been utilised
in the development of fingerprinting technologies. Single-locus markers are sequences
of DNA that show variation at a particular locus in the genome. Some of these markers
are genes in the traditional sense, while others are repeat sequences. A range of these
markers relates to differences in the annealing capabilities of a DNA probe or primer,
where the ability to anneal requires a complementary sequence. In the case where
there is a mutation in the annealing sequence, the probe or primer does not anneal and
in that way indicates a difference. Due to their polymorphic content, single-locus

markers have gained popularity in a range of different investigations, such as studies of
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complex mating systems and comparisons of genetic variation between populations
(Bruford et al., 1992).

There are mainly two types of single-locus markers. They are restriction fragment length

polymorphisms (RFLPs) and simple sequence repeats (SSRs).

Restriction fragment length polymorphisms (RFLPs) were one of the first DNA
fingerprinting procedures developed and are today widely used as a means for
determining paternity in various species (Kirby, 1990). RFLPs are markers detected by
treating DNA with restriction enzymes (Burke et al., 1991). If a restriction site is present
on a strand of DNA, the DNA strand will be cleaved by the presence of the
corresponding restriction enzyme that would recognise the site. This would result in the
strand decreasing in size and thus showing up as two different bands on a gel.
Variations in the characteristic pattern of a RFLP digest can be caused by base pair
deletions, substitutions, inversions and translocations, which result in the loss or gain of

a recognition site resulting in cleavage of a fragment.

The advantage of using RFLPs lies in the simultaneous use of a few restriction enzymes
In an analysis resulting in DNA fingerprints that vary from one individual to another due
to the number of different sized fragments produced by the digestion (Parker et al,,
1998). RFLPs can thus generate sufficient variation to investigate genetic questions
about within and between population genetic variations. Furthermore, they are co-
dominant markers, which make them very useful to distinguish between homozygous
dominant individuals and heterozygous individuals (Parker et al., 1998). Unfortunately,

this method is very labour-intensive and expensive to develop.

Another type of single-locus marker, known as simple sequence repeats (SSRs),
exhibits variation in tandem repeat numbers and are found in numerous areas in the
genome of an organism (Avise, 1994). Genetic variation or polymorphisms are evident
as the number of core sequences present in an individual. An allele is represented by a
certain number of repeats of the core sequence (Parker et al., 1998). In a number of
instances however, these loci occur at more than one site in the genome, so that with a

single primer set a multi-locus type fingerprint results.
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These SSRs can be sub-divided into two classes according to the number of nucleotides
making up the repeat unit (Krawczak and Schmidtke, 1994). Minisatellites, otherwise
known as variable number tandem repeats (VNTRs), comprise short tandem repeats of
about 40 base pairs in length (Avise, 1994). Discovered in 1985 by Alec Jeffreys and his
research team (Jeffreys et al., 1985), they were first used to establish what is known
today as a DNA fingerprint (Davies, 1988). Microsatellites, on the other hand, are
composed of varying numbers of tandemly repeated one to five base pair motifs, for
example, mononucleotide repeats (A, T) or dinucleotide repeats (AT, GA). The
discovery that these sequences are ubiquitous in various animals and plants has
contributed to their usefulness and beneficial use in population biology, parentage

determination, and individual assessment.

Single-locus markers are extremely powerful tools in DNA fingerprinting (Bruford et al.,
1992). Comparison between individuals on the same gel is simple as only a few, usually
clear bands are present in an analysis gel. Furthermore, under optimal conditions, very
little DNA template is required; in most cases less than 100 ng (Krawczak and
Schmidtke, 1994). However, one major drawback of these markers is that they require
prior sequence information, which is more than often not available. This means that
extensive and expensive research on the organism’s sequence structure is necessary
before the fingerprinting analysis can take place. Furthermore, for multi-locus profiling,
time-consuming amplification and screening of each locus needs to be undertaken
(Bruford et al., 1992).

Multi-locus markers

Multi-locus fingerprints are primarily viewed as fingerprints that are generated from a
number of loci and viewed in a single lane on a gel. They can either be generated by
the amplification of several single-locus markers, using the primers specific for each of
the loci, or by amplifying many loci using one or a few arbitrary primers (Krawczak and
Schmidtke, 1994). The use of arbitrary primers does not require any prior knowledge of
the DNA composition and is much easier and less time-consuming than having to
amplify several markers independently. Multi-locus fingerprints have high information

content and can be applied for individual identification and parentage analyses.
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There are mainly two types of multi-locus markers. They are randomly amplified
polymorphic DNA (RAPD) (Williams et al., 1990) and amplified fragment length
polymorphism (AFLP) (Vos et al., 1995).

Williams et al. (1990) developed a PCR based genetic marker, named randomly
amplified polymorphic DNA (RAPD). This technology does not require any prior
knowledge of the genome of the organism and is based on the application of random
primers. The primers are arbitrary, approximately 10 to 11 nucleotide bases in length
and anneal to multiple sites on the template DNA due to their short nature (Williams et
al., 1990). If these primers anneal in the correct orientation and are a suitable distance
apart, the unknown sequence between them is amplified, resulting in visualised bands
on an agarose gel (Welsh and McClelland, 1990). Polymorphisms between genotypes
are due to the occurrence of single nucleotide polymorphisms (SNPs) that are present in
the annealing region of the primer or due to insertions or deletions of segments in the
sequence between the annealing primers. By changing the annealing sequence
through inserting, deleting or substituting single bases, these SNPs alter the ability of
the primer to anneal at a specific location. Without primer binding, sequence
amplification cannot occur, resulting in the absence of a band in the analysis. RAPD
alleles are therefore seen as ‘presence’ or ‘absence’ alleles (null-alleles), where a
fragment will be amplified if the primer anneals; or will not, if the primer is not able to
anneal. Polymorphisms are seen as presence or absence of specific bands on a gel
(Bowditch et al., 1991). Most loci generated by RAPD amplification are assumed to be

dominant for band presence in the absence of segregation analysis.

RAPDs are often used to identify individuals and to analyse populations. They thus
require high reproducibility. Once the ideal or optimised conditions regarding primer
constraints, stringency of the reaction, DNA quantity and concentration, Taq polymerase
concentration and PCR cycle, have been determined for a particular species, it is
imperative to keep them constant in order to be able to compare results from different
reactions (Bowditch et al., 1991). Careful attention to laboratory techniques will result in

reproducible reactions from run to run, provided the same thermocycler is used.
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Most successful results are obtained when many primers are screened so that multiple
polymorphisms are detected. Not all primers will yield reliable and reproducible results,
therefore only those that do should be included in the analysis and used for scoring
(Bowditch et al., 1991; Fritsch and Rieseberg, 1995).

RAPDs have become very important genetic markers because the assay is simple, fast
and relatively inexpensive, allowing many loci to be identified in a single reaction.
Furthermore, only small amounts of DNA are required and no prior knowledge of the
genome in question is necessary (Fritsch and Rieseberg, 1995). They do however,
have a few disadvantages. RAPDs are dominant markers; therefore heterozygotes
cannot be distinguished from homozygous dominant genotypes (Williams et al., 1990).
Furthermore, the results obtained may be inconsistent because PCR is performed using
very short, arbitrary primers that may lead to different patterns depending on the PCR
conditions used. Therefore, in order to get consistent and reliable results, RAPD
conditions need to be carefully standardised and maintained from run to run (Bowditch
et al., 1993).

The advantages RAPDs offer over the other molecular techniques, has led to a broad
range of applications in fields of biology such as ecology, conservation and population
biology (Haig, 1998). Although RAPD analysis is relatively new it has already proven
useful for genetic mapping, species and individual identification, pedigree analysis and
parentage determination (Fritsch and Rieseberg, 1995). These markers have been

used with success in numerous studies and are becoming increasingly more popular.

Another molecular marker, that also uses the multi-locus system, is amplified fragment
length polymorphism (AFLP). The AFLP technique developed by Vos et al. (1995) is an
efficient molecular technique for generating a large number of DNA-based genetic
markers. It is very similar to RAPDs in that it requires no prior sequence knowledge and

is based on random amplification and identification of polymorphisms at many DNA loci
(Pejic et al., 1999).

The AFLP technique is based upon repeated amplification using PCR on a subset of

restriction fragments from a total digest of genomic DNA (Desmarais et al., 1998). This
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is achieved by digesting DNA with two restriction enzymes, a rare and a frequent cutter,
according to the length of their restriction site. This is followed by each fragment being
ligated to adaptors that serve as a binding site for primers. Only fragments that have
both restriction sites (one at either end) will be amplified by PCR. This initial
amplification reduces the total number of restricted fragments present in the reaction
and is therefore pre-selective (Questiau et al., 1999). The PCR product is then used as
a template for a second round of amplification (selective) using primers with three
additional selective nucleotides included at the 3’ end. The amplification is selective
because one selective nucleotide on each primer results in the amplification of only one
out of 16 fragments, while two selective primers will reduce this value to 1/256.
Therefore, the number of resulting amplified fragments is determined by the number and
composition of the selective nucleotides used. The final product of the whole process is
a multi-locus fingerprint-like pattern on a gel that can be scored with an automated

sequencer (Questiau et al., 1999).

Since Vos et al. (1995) first published this method; it has become increasingly more
popular in studies on genetics. At first it was mainly used in plant mapping, as seen in a
study by Schondelmaier et al. (1996), and in studies on crop and wild plant diversity
(Travis et al., 1996). A study by Ziegenhagen et al. (1999), showed the usefulness of
AFLPs in kinship determination and paternity analysis in oak trees and a study by Pejic

et al. (1999) analysed the genetic similarity among maize inbred lines, using AFLPs.

The advantages of using AFLPs are that it is PCR based and thus does not require
probe hybridisation, many bands (approximately 50 - 100) are displayed and only a
small amount of DNA is needed to get an accurate result (Desmarais et al_, 1998). The
banding patterns also seem to be more consistent than those found in RAPDs. The
major disadvantage of this method however, is that it is significantly more expensive
than RAPD analysis and is technically more challenging. Furthermore, like RAPDs,
AFLPs cannot distinguish between heterozygotes and homozygous dominant individuals
as the process is based on the ‘presence’ and ‘absence’ of bands. They are thus

dominant markers and not co-dominant markers (Pejic et al.. 1999).
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Table 1.2 shows a detailed summary of the comparison of the single- and multi-locus

markers.

Table 1.2

Comparative descriptions of common DNA molecular genetic markers.

absence type of

detection)

Characteristic RFLP SSR RAPD AFLP

Origin Anonymous/ Anonymous Anonymous Anonymous
Genic

Maximum Limited by the Limited by the Limited by the Limited by the

theoretical restriction site size of genome size of genome, restriction site

number of (nucleotide) and number of and by (nucleotide)

possible lociin | polymorphism simple repeats in | nucleotide polymorphism

analysis (tens of a genome (tens polymorphism (tens of
thousands) of thousands) (tens of thousands)

thousands)

Dominance Co-dominant Co-dominant Dominant Dominant

Nuli-alleles Rare to Occasional to Not applicable Not applicable
extremely rare common (presence/ (presence/

absence type of
detection)

Transferability

Across genera

Within genus or

species

Within species

Within species

Reproducibility

High to very high

Medium to high

Low to medium

Medium to high

Amount of
sample required

per sample

2-10 mg DNA

10-20 ng DNA

2-10 ng DNA

0.2-1 ug DNA
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Ease of Difficult Difficult Easy Moderate

development

Ease of assay Difficult Easy to Easy to Moderate to

moderate moderate difficult

Automation/ Difficult Possible Possible Possible

Multiplexing

Genome and Good Good Very good Very good

QTL mapping

potential

Comparative Good Limited Very limited Very limited

mapping

potential

Candidate gene | Limited Not good Not good Not good

mapping

potential

Potential for Limited Limited Limited Limited

studying

adaptive

genetic

variation

Development Moderate Expensive Inexpensive Moderate

Assay Moderate Moderate Inexpensive Moderate to
expensive

Equipment Moderate Moderate to Moderate Moderate to

expensive

expensive
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1.3.2 Genetic analysis of fingerprints

Molecular markers provide powerful means for analysis of variation between species,
populations, groups of individuals within populations, and between individuais both
related and unrelated. The variation produced by the various markers is visible in DNA
fingerprints; however these results need to be transformed into numerical format so that

various measures of variation can be determined.

Through the years, various tests, comparative indices and formulae have been
developed to assess molecular variation (Avise, 1994). These mathematical and
statistical formulae include the assessment of genetic variation and genetic relatedness
between two entities, be they individuals or populations. All of these methods, although
different from one another, have their own particular advantages and disadvantages.
They all calculate or estimate numerical values that can be used to determine genetic

variation or genetic relatedness.
Assessment of genetic variation

Genetic variation refers to the variation at the level of individual genes (polymorphism),
and provides a mechanism for populations to adapt to their ever-changing
environments. The greater the genetic variation, the greater the probability that at least
some individuals in a population will have an allelic variant that is suited to the new or
changing environment. These individuals will produce offspring with variant alleles,

thereby assuring that such beneficial alleles are inherited from generation to generation
(Sun et al., 1998).

Numerous measures have been developed to quantify genetic variation. These indices

include genetic polymorphism, heterozygosity and Shannon’s Information Index.

A genetic polymorphism is defined as the occurrence of two or more alleles at one locus
in the same population (Cavalli-Sforza and Bodmer, 1971). A locus is considered
polymorphic if the frequency of the most common allele is less than 0.99 or in some

cases less than 0.95. The proportion of polymorphic loci is calculated by counting the
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number of polymorphic loci and then dividing this number by the total number of loci

examined.

Frequency of polymorphism = Total number of polymorphic |oci

Total number of loci studied

The number of loci examined and the number of individuals examined in a population

directly affect the accuracy of this measure.

The determination of polymorphic content as a measure of genetic variation is not
satisfactory on its own, being both arbitrary and imprecise in that slightly polymorphic
loci are treated in much the same way as very polymorphic loci (Ayala, 1982). A more
suitable measure of genetic variation is that of the average frequency of the
heterozygous individuals per locus present in the population (Cooke and Buckley, 1987).
This measure is called genetic heterozygosity and can be calculated in a number of
different ways, depending on whether variation between individuals, populations or loci

is being examined.

The heterozygosity values are determined by using either observed frequencies, such
as in co-dominant markers, or through estimation with dominant markers, where Hardy-
Weinberg equilibrium is assumed and the frequency of the recessive allele (q) calculated
(Ayala, 1982). Although the Hardy-Weinberg equilibrium rarely exists in nature, it is
useful in indicating the presence of selective processes in a population. Once the
frequency of the null-allele (q) has been estimated from the frequency of the recessive

phenotype, the dominant allele frequency (p) can be estimated and then the frequency
of the heterozygotes (2pq) (Ayala, 1982).

Shannon’s Information Index is another measure of genetic variation. The higher the
Shannon’s Information Index, the greater the genetic variation within the population and
Is scaled from a value of zero to one, where a value of one equals the maximum
diversity attainable. Shannon’s Information Index can be calculated using the following
formula (Hwang, 2001):



26

> Ho=-Y Pilog2P? , (Hwang, 2001)

Where P; is the frequency of the presence or absence amplified fragment.

As Shannon’s Information Index is based on information theory it is sensitive to the

presence of rare types or individuals.

Another diversity index known as Simpson’s Index is less sensitive to rare types and the
interpretation thereof is more intuitive than Shannon’s Information Index (Szczepaniak et
al., 2002).

Simpson’s diversity Index can be calculated using the formula:

» D=1-Yni(ni—1)/N(N-1), (Szczepaniak et al., 2002)
Where n; is the number of individuals with the phenotype i and N the sample

size.

Similar to Shannon’s Information Index, a value of zero indicates no diversity and a

value of one the maximum diversity.

Originally, Simpson’s Index represented the probability that any two individuals, selected
at random would be different. Pielou’'s (1975) modification of Simpson’s Index however,
transformed this probability-based index into the class of indices to which Shannon'’s
Information Index belongs. For this reason these two indices are similar in many

aspects and have the same applicability.
Assessment of genetic relatedness

A number of statistical methods have been formulated in an attempt to quantify the
degree of genetic relatedness between individuals and populations. Two such statistical
calculations have been formulated by Nei (1972). They are (1) genetic identity (1), which
estimates the proportion of genes that are identical in the two entities being compared,

and (2) genetic distance (D), which estimates the accumulated number of gene
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differences per locus that have occurred over evolutionary time. If the rate of gene
substitutions per year is constant, the genetic distance is linearly related to evolutionary

time.

One advantage to these measures of genetic differentiation is that they apply to any
population, whether they be haploid, diploid, tetraploid or selfing. This is because the
definitions of | and D depend solely on -gene frequencies rather than on genotype

frequencies as in the Hardy-Weinberg equation.
The formulation for genetic identity is derived as follows:

> 1= Sxyil (2x#2y?)0.5, (Nei, 1972)
Where the frequencies of the ith alleles in populations X and Y respectively, are X

and y;.
For multiple loci, the overall similarity or identity is

¥ 1= Jy/ (IJy)0.5, (Nei, 1972)
Where Jy, Jy and Jyy are the arithmetic means across all loci of X2 Tyf and Zxy;

respectively. The formulation for genetic distance (D), is given by:
» D=-nl (Nei, 1972)

The values for | may range from 0 (no alleles in common) to 1 (the same alleles, and in
the same frequencies are found in both populations). Genetic distance, D, may range
from a value of 0 (no allelic substitutions) to infinity. Generally speaking, closely related
populations tend to show | values > 0.9 and D values < 0.1. Divergent populations or

separate species tend to have genetic identities | < 0.8 and genetic distances D > 0.2.

Proper interpretation of these values may even be used to determine whether

populations are undergoing genetic differentiation during speciation. Local populations,
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which are genetically similar, have | values in excess of 0.97. As speciation takes place,

the | value decreases and the D value increases.

Another measure of genetic distance has been proposed by Roger (1972). Rogers' D is

defined as:

> D =[0.55(x; - ¥)?]0.5, (Roger, 1972)
Where for a given locus with m alleles, x; and y; are the frequencies of the ith

allele in populations X and Y, where the summation is over all alleles.

When data from more than one gene is considered, the arithmetic mean of such values
across loci provides the overall genetic distance estimate. Rogers' D values are

between zero and one and similarity is given by:
» S=1-D, (Roger, 1972)
Assessment of population differentiation

There are two methods to assess within and between population differentiation, Wright's

fixation index (Fst) and the analysis of molecular variance (AMOVA).
Wright’s fixation index (Fst)

When a population is divided into isolated subpopulations, there is less heterozygosity
than there would be if the population was undivided. The decline in heterozygosity due
to subdivision within a population is due to the phenomenon of genetic drift and has
usually been quantified using an index known as Wright's F statistic, also known as the
fixation index. The fixation index is a measure of the difference between the mean
heterozygosity among the subdivisions in a population and the potential frequency of
heterozygotes if all members of the population mixed freely and non-assortatively (Hartl
and Clark, 1997). The fixation index ranges from 0, thus indicating no differentiation

between the overall population and its subpopulations, to a theoretical maximum of one,
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though in practice the observed fixation index is much less than one even in highly

differentiated populations.

Fixation indices can be determined for three differentiated hierarchical levels of a
population structure, with the most commonly used of the three being Fsr. Fst IS
concerned with subpopulations relative to the population as a whole and therefore gives
a measure of the extent to which a species is organised into subpopulations with

restricted gene flow (Balding et al., 2001).

Wright proposed the following guidelines for the interpretation of Fsr:
e A value between 0 and 0.05 indicates little genetic differentiation.
e A value between 0.05 and 0.15 indicates moderate differentiation.
e A value between 0.15 and 0.25 indicates great genetic differentiation.

¢ A value above 0.25 indicates very great genetic differentiation.

Wright also mentioned that a value less than 0.05, although indicating little

differentiation, were by no means negligible.
Analysis of molecular variance (AMOVA)

Analysis of molecular variance (AMOVA), is another measure of population
differentiation. Unlike Wright's fixation index that estimates population differentiation by
assuming Mendelian gene frequencies, this index estimates the population
differentiation directly from molecular data. A variety of molecular data such as
molecular marker data, direct sequence data or phylogenetic trees based on such

molecular data may be analysed using this method (Excoffier et al., 1992).

AMOVA treats any kind of raw molecular data as a Boolean vector p;, that is, a 1 x n
matrix of ones and zeros, one indicating the presence of a phenotype and zero its
absence. A marker could be a nucleotide base, a base sequence, a restriction fragment
or a mutational event (Excoffier et al., 1992). From this information Euclidean distances,

defined as the shortest distance between two points, are calculated by subtracting the



30

Boolean vectors of one entity from another. A matrix consisting of all pair-wise squared

Euclidean distances between all entities is constructed and used in the analysis

(Excoffier et al., 1992).

Squared Euclidean distances are calculated according to the following formula:

» 0%= (pj- P’ W (pj- py), (Excoffier et al., 1992)

Where W is a matrix of differential weights for the various sites.

Using the constructed matrix, a hierarchical analysis of variance is performed to
determine the subdivision. Usually, in the simple cases, the total variance is partitioned
into between populations and within populations to give an idea as to how much of the
genetic diversity can be attributed to each of these components. Variance can however
be further subdivided into within individual differences, between individuals within

populations, between populations within groups and between groups.
1.4 APPLICATIONS OF FINGERPRINTING IN FOREST TREE BREEDING

In recent years great strides have been made in the field of molecular analyses in
forestry species. Fingerprinting has been employed to determine genetic variation within
populations as well as between populations of forestry species (Ahuja, 1995). It has
been reported that the global forestry plantation area has increased by an estimated 32
million hectares while the area of natural forests has declined by 126 million hectares.
Molecular markers have became invaluable in the quantification of the genetic variation
to aid in sampling strategies and especially to identify specific genotypes that contain
particular genes, such as genes for resistance to diseases and environmental conditions
such as drought and frost (McAree, 2002). Markers are especially advantageous for
agronomic traits that are otherwise difficult to tag such as resistance to pathogens,
insects and nematodes, tolerance to abiotic stresses, quality parameters and
quantitative traits. Molecular marker studies have accelerated the mapping of many

genes in different plant species. Examples of successes with molecular markers are
provided in Table 1.3.
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traits in different crops.
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Selected examples of association of molecular markers with the desired

Characteristics

Examples

References

Wheat

Powdery mildew resistance
genes Pm-1 and Pm-2

Maize

Leaf blight resistance rhm gene

Northern corn blight resistance
gene Hin-1

Sorghum

Head smut resistance Shs

Barley

Stem rust resistance gene Rpg 1

Stem rust resistance gene rpg4

Resistance to Rhynchosporium
secalis

Soybean

Cyst nematode resistance

RFLP markers 3¢cM from Pm-~1
and 3cM from Pm-2

Tight linkage of rhm with RFLP
loci UMCB85 and p144

Htn-1 gene 0.8cM distal to RFLP
UMC117

Linkage with RFLP loci detected
by probes pFBT, xS560 and
xS1294. One RAPD locus from
primer OPG5

RFLP marker ABG704 on
chromosome 1

3 RAPD markers on

chromosome 7M

Cosegregation with RFLP

markers on chromosome 3

Two RFLP markers associated

resistance

Hartl et al., 1995

Zaitlin et al., 1993

Simcox and Bennetzen, 1993

Oh et al., 1994

Killian et al., 1994
Penner et al., 1995

Borovkova et al., 1995

Graner and Tekauz, 1996

Skorupska et al., 1994
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Resistance to soybean mosaic Marker at 0.5, 1.5 and 2.1 cM Yu et al., 1994

virus Rsv gene

Pea
Powdery mildew resistance RFLP markers at 11 cM Dirlewanger et al., 1994
Alfalfa
Somatic embryogenesis RAPD markers Yu and Pauls, 1993
Tomato
Insect resistance mediated by 2-  Direct selection for RFLP loci Nienhuis et al., 1987
tridecanone (2-TD) increased the frequency of 2-TD-

mediated resistance
Nematode resistance Migene RFLP markers tightly linked Klein-Lankhorst et al., 1991
Resistance to powdery mildew Near Aps-1 region on Van de Beek, 1994
caused by Oidium lycopersicum chromosome 6 close to Mi and
O171-1gene Cf-2/Cf-5 genes
Soluble solid content (SS) RFLPs linked to SS Osborn et al., 1987
Potato
Cyst nematode resistance H1 RFLP marker at 2.7 cM from H1  Pineda et al., 1993
gene
Cyst nematode GroV1 locus in RFLP markers on chromosome 5 Jacobs et al., 1996

solanum vernei

The main area where microsatellite markers are being applied in forestry trees include
studies of genetic variation in natural and breeding populations, particularly in species
with low levels of gene flow, pollen and/or seed dispersal and mating systems (Kostia et
al., 1995). As these parameters are relevant to the conservation of forest genetic
resources, microsatellites are being used to monitor genetic impacts of forest
management practices and of fragmentation. The first microsatellites developed in

forestry trees were for Pinus radiata (Smith and Devey, 1994), in which 24 loci were
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characterised. They have since been developed from a range of temperate and tropical
forestry trees, including Eucalyptus sieberi (Glaubitz et al., 1999), Eucalyptus grandis
(Brondani et al., 1998), Eucalyptus nitens (Byrne et al.,, 1997), and in several pine
species (Kostia et al., 1995; Echt et al., 1996; Hicks et al., 1998) to name a few.
Bundock et al. (2000), constructed linkage maps using microsatellite markers in
Eucalyptus globulus. They found that the male parent had 13 linkage groups covering

1013 cM, while the female parent had 11 linkage groups covering 701 cM.

Restriction fragment length polymorphism (RFLP) mapping in tree improvement has
many useful applications. It adds to the number of genetic markers known in trees,
facilitates the assessment of genomic organisation, is used to determine population
genetic variation, and is employed to evaluate evolutionary relationships. One of the
greatest limitations of this technology is the amount of prior research required before the
technology can be employed. Specific probes or primers have to be developed which is

a lengthy and expensive process (Neale and Williams, 1990).

The applications of RAPD markers in forestry have been very successful. The
application of RAPDs to forest trees includes identification of genotypes and genetic
relatedness within and between populations. RAPD markers have been used for
identity studies in Populus (Sanchez et al., 1998) where 25 poplar clones were screened
for RAPD markers in order to evaluate the use of RAPD analysis to distinguish between
species. The marker produced characteristic bands for every species. De Laia et al.
(2000) also used RAPD markers to analyse the genotypes of Eucalyptus clones hybrids
obtained by vegetative micropropagation. Various diversity studies have also employed
RAPD technology. Mosseler et al. (1992) used RAPD markers to confirm the low levels
of genetic diversity in red pine which demonstrated the long time periods required for
recovery following a loss of genetic diversity in long-lived, long-generation organisms
like trees. In 1995, Bucci and Menozzi investigated the genetic variation of RAPD
markers in an ltalian population of Norway spruce. Here they found that the expected
genetic diversity ranged from 0.119 to 0.508 and the single-locus inbreeding estimates

were calculated at —0.136 indicating an excess of heterozygotes.
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Research achievements that relate to the employment of molecular technologies in
black wattle are limited. Studies include the examination of genetic variation in natural
populations of Acacia mearnsii (Searle and Bell, 1998). Twenty-three isozyme loci were
examined within and between 19 natural populations of Acacia mearnsi. Acacia
mearnsii was found to have moderate genetic variation (0.201) with the majority
(89.2 %) of variation occurring within populations. Another study conducted by Butcher
et al. (1998) estimated the genetic variation in Acacia mangium using 5/ anonymous
RFLP loci for ten individuals from each of ten natural populations. The level of genetic
variation varied significantly among the populations, ranging from 0.01 on the island of
Ceram in Indonesia to 0.21 in Muting, New Guinea. The small, geographically isolated
populations of Daintree, Townsville, Ceram and Sidei had low levels of diversity (0.01 to
0.09) whereas the large New Guinea and the Cape York Peninsula populations had

higher levels of variation (0.16 to 0.21).
1.5 AIMS

In the forestry industry, one of the most important complicating factors is that of a long
generation interval. Many of the economically important characteristics are identifiable
once the trees are adult, thus causing a delay in detection (Zobel and Talbert, 1991).
This delay impacts on the effective execution of many production and breeding activities
and is accompanied by large financial contributions that could be avoided in the case of
early identification. In black wattle, it would be beneficial to the industry if early detection
tools could be developed to identify important genetic traits in the seedling. Gummosis
IS an important disease, causing extensive losses. Identification of resistance

genotypes In juvenile plants would assist early selection of superior genotypes, thereby
facilitating production and breeding of the tree (Bousquet and Lalonde, 1990).

Another very important factor in black wattle breeding programmes is that of the
knowledge of the extent of available variation in a population. Black wattle was
introduced into South Africa from Australia and therefore, due to the limited number of
seeds that formed the genetic base of South African black wattle, it is expected that the

South African population is genetically rather uniform. Thus an assessment of the
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genetic variation and genetic relatedness of the trees included in this investigation was

undertaken.

As this was the first comprehensive molecular population investigation of its kind, in
black wattle, optimization of the technologies required to generate RAPD fingerprints,
such as optimization of a DNA isolation method and RAPD amplification conditions were

firstly undertaken.

RAPD fingerprints were generated for individuals of a number of black wattle families

and assessed in terms of the following:

¢ |dentification of RAPD fragments linked to gummosis.
o Assessment of genetic variation within families and the population.
e Assessment of family relatedness.

e Assessment of family differentiation.
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CHAPTER 2
MATERIALS AND METHODS

2.1 INTRODUCTION

In black wattle, one of the most important forestry species in South Africa, the disease
gummosis is of great importance as it causes extensive losses each year. This
investigation was undertaken to identify RAPD markers, which could be developed into
identification procedures to identify resistant genotypes in juvenile plants. This would
greatly facilitate selection procedures in the production and breeding programmes of
black wattle. Furthermore, the data generated from this investigation would also be used
to estimate the genetic variation in black wattle as the extent of its genetic base is

unknown.
This investigation therefore comprised of three main parts, namely:

> To find a suitable protocol for extracting high molecular weight DNA from various

ages of black wattle trees,

» To test various primers in order to find markers linked to disease resistance, and
» To estimate the genetic variation using molecular data.
All recipes of solutions are taken up in the Appendix.

2.2 MATERIAL

The screening for markers linked to disease resistance of the disease, gummosis, in
black wattle was carried out by first isolating the DNA and then running a series of
RAPD fingerprints using different primers in an attempt to identify a band that would be

present in the disease resistant samples, but absent in the susceptible samples.
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2.2.1 Plant material

Plant material was obtained from the Institute for Commercial Forestry Research (ICFR)
nursery in Pietermaritzburg, KwaZulu-Natal. Leaf samples were taken from four
families, of which three where susceptible to the disease complex gummosis and one
was resistant to the disease, and placed in a plastic bag and then on ice. Details of the

families are displayed in Table 2.1.

Table 2.1 Detailed histories of the four black wattle families used in this investigation.

Family Number of History
seedlings

per family

99 11 These seedlings were half-sibs grown from open pollinated seed collected from
tree 99. This tree had proven to be susceptible to the disease complex known

as gummosis.

101 13 These seedlings were half-sibs grown from open pollinated seed collected from
tree 101. This tree had proven to be susceptible to the disease complex

known as gummosis.

101x77 6 These seedlings were full sibs grown from seed produced by crossing tree 101
(seed parent - mother) with tree 77 (pollen parent - father). In the ICFR
progeny tests, they had proven to be susceptible to disease.

18 5 These seedlings were half-sibs grown from open pollinated seed collected from
{ree 18. This tree had proven to be superior for the traits under selection in the
black wattle breeding programme at the ICFR, in particular for the disease
resistance to gummaosis.

Total 35
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2.2.2 DNA source

DNA isolation is a very important part of plant molecular genetic studies. The cells of
many plant species contain phenolics and polysaccharides that interfere with the DNA
isolation process. Therefore, in order to isolate high integrity DNA, the isolation
protocols used in plant molecular investigations are far more complex than that of
animals and often require extensive optimisation. In black wattle, a woody species,
large amounts of polysaccharides and tannins are present in cells making it difficult to
separate the DNA out. As only a limited number of molecular investigations have been
undertaken with black wattle, no suitable protocol has been developed. Thus, the first

part of this study involved the optimisation of a DNA isolation protocol.

High molecular weight DNA is required for DNA amplification. Therefore, for the
optimisation of the DNA isolation protocol, plant material was collected from trees of a
range of ages (Table 2.2). Leaves were collected at Bloemedal Research Station in
KwaZulu-Natal from one-, five- and eleven-year old black wattle trees. Approximately
ten young and fleshy leaves, depending on the number available, were picked from tips
of branches. The leaves were immediately placed in plastic bags, sealed, labelled and

placed on ice.

Table 2.2 Collection information of the material used in the DNA isolation
optimisation process.

Collection

date

1 31/01/2003
B19.09 G2 1 31/01/2003
B19.09 G3 5 31/01/2003
B19.09 G4 5 31/01/2003
B19.09 G5 11 31/01/2003

B19.09 G6 11 31/01/2003
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23 METHODS

2.3.1 DNA isolation

Various DNA isolation procedures were tested in order to find a suitable method for the
isolation of DNA from the black wattle leaves of different ages. These included a
standard hexadecyltimethylammonium bromide (CTAB) procedure of Doyle and Doyle
(1990), a standard salting out method from Aljanabi and Martinez (1997) and a
Chelex©-100 procedure modified from Doyle and Doyle (1990). The protocols were
standardised for 0.5-1 g leaf material that could be handled in a 30 ml chloroform

resistant plastic centrifuge tube.

DNA isolation protocol 1 - Standard CTAB procedure (Doyle and Doyle, 1990)

This protocol takes three days to complete and is as follows:

1. Preheat 2 % CTAB isolation buffer to 65°C (+ 15 minutes).

2. Wipe the leaf material with ethanol (EtOH) and grind fresh leaf tissue to a powder with
liquid nitrogen.

3. Add 3 ml CTAB isolation buffer to grindate and pour into chloroform resistant plastic

centrifuge tubes. Rinse the mortar with 1 ml additional CTAB buffer into the tubes; place

tubes on ice.

4. Incubate samples at 65°C for one hour with occasional gentle swirling (+ every 15
minutes).

5. Cool samples for 15 minutes at room temperature, add an equal volume (5 ml) of

chloroform:isoamyl alcohol (24:1), mix well and incubate for five minutes at room
temperature.

Centrifuge for 10 minutes at 8 000 rpm in a refrigerated superspeed centrifuge.

Remove the top layer containing the DNA and place it in a chloroform resistant centrifuge
tube, thereafter 500 ul of CTAB wash buffer was added.

8. Incubate the tubes at 65°C for 30 minutes with occasional gentle swirling (+ every 15
minutes).
9. Cool the tubes for 15 minutes at room temperature; add equal volume (5 ml) of

chloroform:isoamyl alcohol (24:1); mix well and incubate for a further five minutes at
room temperature.
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Centrifuge the tubes for ten minutes at 8 000 rpm in a refrigerated superspeed
centrifuge.

Add top layer containing the DNA to a chloroform resistant centrifuge tube and an equal
volume (5 ml) ice cold isopropanol and mix gently. Precipitate the DNA for 60 minutes at
-20°C (can leave overnight at -20°C).

The tubes may then be centrifuged for 10 minutes at 10 000 rpm as in step 6.

Pour off the supernatant and remove isopropanol by inverting tube.

Add 400 pl of 1 x TE to the DNA pellet in the tube and incubate in a waterbath at 50°C
for 15 minutes to dissolve the pellet.

Transfer the solution to an eppendorf tube, add 400 uyl 1 M NaCl and incubate at room
temperature for 30 minutes with occasional inversion of tube.

Add 400 pl isopropanol; precipitate the DNA for one hour at -20°C and collect DNA by
centrifugation for 15 minutes in a bench centrifuge at 4°C.

Pour off the supematant; centrifuge for one minute and remove excess EtOH with a
pipette.

Add 500 pl of 1 x TE to the DNA pellet in the tube and incubate in a waterbath at 50°C
for 15 minutes to dissolve the DNA pellet.

Add 2.5 pl 10 mg/ml RNAse to the tube and incubate for two hours or ovemnight at 37°C.
Add 500 ul isopropanol; precipitate the DNA for one hour at -20°C and collect DNA by
centrifugation for 15 minutes in a bench centrifuge at 4°C.

Decant all liquid and add 500 pl 70 % ice cold EtOH. Centrifuge for 10 minutes in a
bench centrifuge at 4°C.

Remove all liquid from pellet with a pipette and dry for 15 minutes in the speedyvac.
Dissolve pellet in 300 ul 1 x TE at 50°C for 15 minutes.

Store solution at 4°C for short-term use or, at -20°C for extended periods of time.

DNA isolation protocol 2 - Standard salting out procedure (Aljanabi and Martinez, 1997)

This protocol takes one and a half days to complete and is follows:

Wipe the leaf material with ethanol (EtOH) and grind fresh leaf tissue to a powder with
liquid nitrogen.
Add 3 ml lysis buffer to grindate and pour into chloroform resistant plastic centrifuge

tubes. Rinse the mortar with 1 ml additional lysis buffer and add into the tubes; place
tubes onice.
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The plant material grindate in the lysis buffer was incubated overnight at 37°C.

300 pl 5 M NaCl was then added to the tubes and then shaken rigorously.

The tubes were then centrifuged for 15 minutes at 5 000 rpm.

The DNA containing supernatant was removed and transferred to another tube.

The last two steps (numbers 5 and 6) were repeated until the supernatant was clear.
The DNA was EtOH-precipitated by adding two volumes of 100 % ice-cold ethanol.
Tubes were mixed by inversion and centrifuged at 13 000 rpm for 15 minutes.

The supernatant was discarded and the pellet washed in 70 % EtOH.

-2 0 ® N o o AW
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After a final centrifugation at 13 000 rpm for 10 minutes, the final washing step (as in
number 9) was repeated, the supernatant discarded, and the pellet allowed to dry.

12. The pellet was then resuspended overnight at 37°C in 20-100 pl 10 mM Tris (pH8),
depending on the size of the pellet.

1. The DNA containing solutions was then stored at 4°C.

DNA isolation protocol 3 - Chelex©-100 procedure (Modified from Doyle and Doyle, 1990)

1. This procedure is a slight modification of the standard CTAB protocol (Doyle and Doyle,
1990), where step three was modified.

2. The 2 % CTAB was replaced with 20 % Chelex©-100. The protocol was then followed

as previously described.
Selection and optimisation of DNA isolation protocol

The CTAB DNA isolation protocol of Doyle and Doyle (1990) proved to be the most
suitable protocol as it constantly produced high quantities of high integrity DNA as
revealed by 2 % agarose gel electrophoresis. Various modifications of the CTAB DNA
isolation protocol were tested on five-year old leaf material in order to improve yield and
DNA quality. The results of these modifications are presented in Table 2.3. The
concentration of polyvinylpolypyrrolidone (PVP), a polysaccharide binder, and 2-
mercapto-ethanol, which prevent sample oxidation and inhibit the release of RNAses
from the tissues prior to the phenol extraction, were adjusted.
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Table 2.3 Comparison of the CTAB protocol according to Doyle and Doyle (1990) and
optimised CTAB protocol.

Reagent Original conc. (%) Optimal conc. (%) Quantity

PVP 1 2 10g

2-mercapto-ethanol 0.2 0.4 2mi

Estimation of purity and concentration of DNA

Prior to the amplification of the DNA to produce RAPD fingerprints the DNA was
assessed for purity and concentration. A Beckman DU 640 Spectrophotometer was
used to determine the purity and concentration of the DNA in each sample. Samples
were blanked and diluted in 1 x TE, with a dilution factor of 10 times, consisting of 5 nl
sample in 45 ul 1 x TE. The purity was calculated using the formula Agsp / Aogo and the

concentration calculated with the formula: Ageo x dilution factor x 50 ug/ ml.

2.3.2 Generation of RAPD fingerprints

Prior to the generation of RAPD fingerprints of all the samples, a number of tests were
conducted on a limited number of samples using only a few primers to determine
whether the isolated DNA was of sufficiently high quality to be used in RAPD-PCR. This

also involved the optimisation of the PCR conditions.



Determination of PCR quality of isolated DNA

The amplification of DNA through PCR requires good quality DNA. In order to determine
the PCR ability of the extracted DNA, a number of test RAPD analyses were conducted
on a few of the black wattle samples. Three Unit Standard Primers from the University
of British Columbia were employed; namely Primer 182 (5' -GTT CTC GTG T-3'), Primer
332 (5' -AAC GCG TAG A-3') and Primer 409 (5' -TAG GCG GCG G-3)).

Once the PCR conditions were standardised, RAPD fingerprints were generated for all
the samples using 14 different primers and assessed for their ability to generate
polymorphic fingerprints. One arbitrary primer was designed and 13 were selected from
the Operon Technologies RAPD 10-mer primers Set A and Set C (Table 2.4). The
Molecular and Cell Biology Synthetic DNA Laboratory at the University of Cape Town
synthesized the primers. Working stock solutions of 100 uM were prepared with 1 x TE

for all the primers.
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Table 2.4 Primers used to generate RAPD fingerprints of black wattle individuals.

REFERENCE NUMBER SEQUENCE Cy . C*

(M) (1tM)

Arbitrary primer
P17: 03 1251 AAA CGG GCG G 171.5 1923 10 100 192.3 182.3

Operon Set A primers

A-01: 03 0096 CAGGCCCTTC 459.5 5152 10 100 5152 505.2
A-02: 03 0997 TGC CGAGCT G 507.6 5692 10 100 569.2 559.2
A-04: 03 0998 AAT CGGGCTG 443.7 4975 10 100 497.5 487.5
A-06: 03 0999 GGTCCCTGAC 473.4 5308 10 100 530.8 520.8
A-09: 03 1253 GGG TAACGCC 143.9 2735 10 100 2735 263.5
A-10: 03 1000 GTGATC GCA G 4391 4923 10 100 402.3 4823
A-12: 03 1001 TCG GCGATAG 4791 5372 10 100 537.2 527.2
A-13: 03 1002 CAG CACCCAC 465.5 5219 10 100 521.9 511.9
A-17: 03 1003 GACCGCTTIGT 501.6 5624 10 100 562.4 562.4
A-19: 03 1254 CAAACGTCG G 144.6 1621 10 100 162.1 152.1
A-20: 03 1004 GTT GCCATCC 470.0 5269 10 100 526.9 516.9

Operon Set C primers
C-05: 03 1252 GAT GACCGC C 195.8 2195 10 100 219.5 209.5

C-06: 03 1005 GAACGGACTC 401.1 4496 10 100 449.6 439.6

* OD = optical density given by the laboratory involved in the synthesis of the primers.
* C4 = initial concentration

* C, = final concentration

*V; = initial volume

*V, = final volume

*VOL 1 x TE = amount of TE added to 10 pl of primer to obtain 100 uM concentration.
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PCR conditions

RAPD-PCR conditions were set up according to the PCR Core Kit of Roche Diagnostics.
Reagents were added together to make up a 25 ul reaction solution and consisted of:
2.5 ul 10 x Buffer (with MgCl2), 0.5 ul of 200 pM dNTPs, 2.5 pl of 2.5 mM MgClz, 3.3 ul
of 2 uM primer, 5 ul distilled H,O, 10 pl DNA (100 ng) and 0.2 ul (1 unit) Taq
polymerase. Distilled water was added to obtain a final volume of 25 ul in each PCR
tube. Master solutions, consisting of all reagents excluding the template DNA, were
used to speed up the process and make it more accurate. The PCR reagents, excluding
the DNA template, were pipetted into an eppendorf tube and gently shaken in order to
equally distribute the reagents within the tube. Taq polymerase was added last so that
minimal hybridisation would take place between the primer sequences. Thereafter,
24 ul of the master solution was added to each PCR tube on ice, containing 10 ul of
template DNA. The PCR tubes were then placed in the GENE AMP PCR 9700 machine
to complete the PCR.

The PCR conditions were optimised for black wattle by testing a number of different
combinations of the PCR reagents using different concentrations and volumes, as well
as conditions such as temperatures. A range of concentrations, between 1 mM and 5
mM were tested in order to determine the optimum concentration of magnesium chloride
of 25 mM. Similarly, five annealing temperatures, ranging from 34°C to 42°C, were
tested to obtain the optimum annealing temperature of 37°C. The optimum DNA
concentration was found to be 100 ng using 41 cycles in the PCR reaction. This
combination of reagents and settings were found to be the optimum PCR conditions for
black wattle and produced the brightest and most reliable bands on a 2 % agarose gel.
The concentrations and combinations that generated the best result were then selected
as the optimum composition for the PCR as listed in Table 2.5.
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Table 2.5 Optimised PCR reaction for black wattle.

Reagents Supplier’s Optimal Volume (ul)

concentration concentration

10 x PCR buffer 10 x 1x 25
MgCl. 25 mM 2.5mM 25
Taq polymerase 5 U/ul 1 U/l 0.2
Primer 15 uM 2 uM 3.3
dH,0 - - 6.5
DNA template 10 ng/ul 100 ng 10.0

The optimised PCR cycle conditions started with an initial denaturation at 94°C, 41
cycles consisting of one minute denaturation at 94°C, two minutes annealing at 37°C,
and two minutes extension at 72°C were performed prior to a final extension of four
minutes at 72°C and subsequent cooling to 4°C. This PCR took just over four and a half

hours.
Generation and visualisation of RAPD fingerprints

RAPD-PCR amplification products were visualised through gel electrophoresis on 2 %
agarose slab gels (250 ml 0.5 x TBE) to which 6.25 pl ethidium bromide (20 mg/ml) was
added. The DNA amplification products were allowed to run at 100 volts (V) for
approximately five and a half hours in one litre 0.5 x TBE and 25 nl ethidium bromide

(20 mg/ ml). Thereafter, the gel was placed on an ultraviolet (UV) transilluminator to

visualise the bands.

During the investigation it was found that TBE, as compared to other buffers such as
TAE, had a better buffering capacity for smaller fragments, such as those produced in
RAPD reactions, particularly in gels running over longer periods of time. Furthermore, a

2 % agarose gel separated the RAPD fragments more effectively than gels that had a
higher concentration of agarose.
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Assessment of reproducibility of RAPD fingerprints

Reproducibility is one of the main concerns when employing the RAPD assay. With
population investigations such as this, it is very important that the reproducibility is high

so that comparisons can be conducted accurately (Bowditch et al., 1993).

In this investigation each RAPD reaction was repeated twice for each of the identified
polymorphic primers and assessed for reproducibility. Gels that displayed identical

fingerprints with each repeat were included in all subsequent analyses.
2.4 SCORING OF RAPD FINGERPRINTS

RAPD fingerprints are considered to be the phenotypes of a set of loci generated with a
particular primer. The phenotypes of a particular locus are the fragments of a particular
size produced by a particular primer and can have only two different alleles, namely, a
presence-allele and an absence-allele (null-allele), where the presence-allele produces
a fragment of the particular size, while the null-allele does not, due to mutation(s) in the
annealing site(s) of the primers or intervening sequences between the primers. As
RAPD markers are dominant in nature, a genotype homozygous (AA) for the presence-
allele cannot be distinguished from a genotype that is heterozygous (Aa). A fragment of
a particular size, therefore, indicates a dominant homozygote (AA) or heterozygote (Aa),
while its absence, indicates the recessive genotype (aa). Figure 2.1 illustrates the
presence or absence of bands in RAPD fingerprints of homozygous and heterozygous

loci. Polymorphic primers therefore, produce both types of phenotypes in different
individuals.
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Figure 2.1 Different phenotypes generated by different genotypes of polymorphic

primers.

2.41 Conversion of molecular fingerprints into digital profiles

In order to analyse the molecular fingerprints, it was necessary to convert the gel
fingerprints into a digital format. Thus, before scoring the agarose gel fingerprints,

suitable loci for scoring, were identified in the following manner:

> Bands had to be clear and single in nature, and

» Bands had to be reproducible.

It was found that most individuals produced reliable and reproducible bands within the
size range of 3 054 bp and 298 bp. Bands larger than 3 054 bp and smaller than 298 bp
were generally faint and their presence inconsistent when comparing fingerprints

between repeated gels. Therefore, only loci that produced bands within this range were
included in this investigation.

An individual’s fingerprint was scored according to the binary number system. For each
locus a value of “1” was given to a band that was present in a fingerprint, while a value
of “0” was given when the particular band was absent. The resulting digital profiles for
an individual of a particular primer therefore consisted of a series of ones and zeros

ranging from as many as ten digits to as few as five as illustrated in Figure 2.2.
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Figure 2.2 Binary scoring of RAPD fingerprints. (a) Molecular fingerprint, and
(b) Corresponding binary profile.

The numerical series of zeros and ones, termed a binary profile (fingerprint), was
recorded in Notepad, Windows’ internal word processor. These digital profiles were
used in all subsequent statistical analyses. Figure 2.3 displays a portion of a Notepad

file containing digital profiles of a number of individuals.

B Untitlad Matepad

Fle Edt Fosmat View Help

111111011110110111177171710101111101101011111111110001111111111100011110111100011111010
11111100001000000001110000010111310101000111211110001111111111100111100011101001111011 0\
111111000010000010011100002.0001.01111020111111111101011111111110001 1111 0111010011111010 %>
111111000010000000011100001011111010000001111111100011111111111¢11111100111011 00711111 -
11111100001000001 0021101 000011110010000011117111100011111111111000111010111011 01111011 =%

LN | L r :
Y o' Indi Tﬁ?. als

\\

Primers

Figure 2.3 Digital fingerprint of arbitrary individuals prepared with Notepad.
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2.5 ANALYSIS OF PRIMER PERFORMANCE

Primers that produce mostly monomorphic bands are not suitable for most molecular
analyses as it indicates genetic homogeneity. It was therefore important to identify the
primers that produced polymorphic bands. Therefore, an investigation was initially
conducted on a limited number of individuals in order to determine which of the 14
primers were most suited to continue with in this investigation. The 14 primers were
tested on a limited number of individuals that were representative of each of the families

of black wattle trees.

The fourteen primers were firstly assessed for their ability to produce reproducible
bands. Primers that produced clear and reproducible polymorphic bands were
identified. If a band was present in all thirty five individuals, the locus was termed
monomorphic, but if it were absent in some individuals, it was termed polymorphic. The
number of bands and proportion of polymorphic loci of the different primers was then
calculated and compared between the different primers. Primers that did not display any

polymorphism were excluded from any subsequent analyses.

Secondly, the primers that were used in this investigation had different percentages of
GC content, so, an analysis was performed where the effect of GC content on the

number of bands and polymorphic bands were assessed and compared.
26 ANALYSIS OF RAPD FINGERPRINTS

Knowledge of statistical analysis of molecular data is fast becoming a vital tool to tree
breeders. There are numerous statistical methods available to analyse molecular data.
It is therefore important that before software is selected to analyse the data, knowledge

of the various types of analyses is imperative so that suitable software is selected.
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The steps to follow when analyzing molecular data include:

> Decide what type of analyses will be undertaken at the individual level and at the
intra- and inter-population levels.

» Select appropriate software that would be employed in the various analyses and
calculations.

> Import molecular data into selected software, and

» Analyse and interpret results.

In this investigation a number of analyses were conducted with the data. These
included firstly, an assessment of possible associations between RAPD fragments and
the disease gummosis, and secondly, the determination of genetic variation and
relationships.  Genetic variation was assessed by determining the proportion
polymorphism, heterozygosity, as well as the calculation of genetic relationship statistics
such as genetic distance and identity measures within and between families. An
analysis of molecular variance (AMOVA) was also conducted in order to determine the

contribution of the between and within population or group variation to the total variation.
2.6.1 Identification of markers linked to the disease gummosis

Markers linked to the disease complex gummosis were identified by comparing the
RAPD fingerprints on the gels. The disease resistant samples were compared to the
disease susceptible samples for each primer and a marker was identified as being

present in the disease resistant samples and absent in the disease susceptible samples.

2.6.2 Quantification of genetic variation

There are a number of ways that are used to estimate the genetic variation between
individuals of a population and between families. One of these is to calculate the amount
of polymorphic loci present in the population. In this investigation the proportion of

polymorphism was determined for the population as a whole as well as for each of the
different families.
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Another way to estimate the genetic variation between individuals of a population and
between families is by calculating the amount of heterozygous loci present in the
population, a preferred estimate over proportion polymorphism. Heterozygosity can be
estimated in a number of different ways, each method giving a value indicative of the
genetic variation in the population. As RAPD loci are dominant in nature, it was
necessary to calculate the frequency of the alleles at each locus and then estimate the
heterozygosity. This was done by estimating the frequency of the null-phenotype at
each locus across all primers and then determining the frequencies of the alleles (p) and
(q). Thereafter, the heterozygosity was estimated by applying the formula (2pq). The
estimated heterozygosities were then averaged for a particular group, namely, the

population and families.

Another method of quantifying genetic variation (Nei, 1978) is by determining the gene

diversity and genic variation in a population as well as in families.

2.6.3 Quantification of genetic relationships

Nei's (1972) genetic identity and genetic distance, as well as Nei’s (1978) unbiased
genetic identity and genetic distance were calculated for the four families as well as for
the population as a whole. However, as Nei’s (1978) unbiased estimate of genetic
distance and identity is used for sample sizes less than 50 (Orlay et al., 1997), it was
decided to use the unbiased estimate in this investigation. Nei's (1978) unbiased
estimate served to determine the genetic distance as well as the genetic identity
between the families and individuals. From the results of the genetic identity and
genetic distance measures, a dendogram depicting the relationship between the four
families as well as for the population was constructed.
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2.6.4 Analysis of molecular variance (AMOVA)

Analysis of molecular variance (AMOVA) is a method of estimating population
differentiation directly from molecular data and testing various hypotheses about the
differentiation (Excoffier et al., 1992). It is a widely used method of analyses that is
included in almost every investigation in order to determine the contribution of the

between and within population or group variation to the total variation.

AMOVA works on binary matrix data to create a distance matrix between samples in
order to measure the genetic structure of the population from which the samples are
drawn. It treats any raw molecular data, consisting of ones and zeros, where one
indicates the presence of a marker and a zero its absence, as a Boolean vector. From
this information Euclidean distances are calculated by subtracting the Boolean vectors
of one entity from another. A matrix consisting of all pairwise squared Euclidian
distances between all entities is then constructed and used in the analyses (Excoffier et
al., 1992).

The constructed matrix is then employed in a hierarchical analysis of variance to
determine the subdivision, where the total variance is partitioned into between
populations and within populations to give an idea as to how much of the genetic

variation can be attributed to each of these components.

2.6.5 Usage of software

There are various software packages available, which can be employed to analyse
molecular data. In this investigation two software packages, POPGENE version 1.31
(Yeh et al.,, 1997) and ARLEQUIN version 2.000 (Schneider et al., 2000) were utilized.

POPGENE
POPGENE is a free user-friendly, Microsoft Window-based computer package which is

specifically designed for the population genetic analysis of co-dominant as well as

dominant markers, using either haploid or diploid data. Most types of population genetic
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measures, such as allele and genotypic frequencies, diversity indices, neutrality tests
and genetic distances could be computed using POPGENE. POPGENE was obtained
from the website www.ualberta.ca/~fyeh/. Before POPGENE could be employed the
digital fingerprints recorded in Notepad were reconfigured into an input file to contain

programme specific instructions according to the programme’s specifications.

The RAPD digital profiles were entered into the programme as two separate input files,
one that would be used to evaluate between family population diversity and the other to
compare the diversity between all individuals as well as between members of a single
family as illustrated in Figure 2.4. In both cases the file consisted of a header section
(specifying the title, number of populations, number of loci and the locus names) as weill
as a data section. The data were entered in columns representing the digital profiles

obtained for each individual.

Between individuals Between families
/* Diploid RAPD Data Set */ /* Diploid RAPD Data Set */
Number of ulations = 5 : Number of populations = 4
Number of IF:)?:Fi’= 94 <+ Title umber of loci = 94
Locus name : Locus name :
A0G-1 A06-2 A0B-3 A06-4 A06-5 AQ6G-6 A06-1 ADG-2 A0B-3 A06-4 ADB-5 AD6-6
AQ09-1 A0S-2 A09-3 A09-4 AD9-5 A09-6 ADS-7 A09-1 A09-2 A09-3 AD9-4 AD9-5 A09-6 ADS-7
A10-1 A10-2 A10-3 A10-4 A10-5 A10-6 A10-1 A10-2 A10-3 A10-4 A10-5 A10-6
name = 18-1 name = Family 18
fis = 0.00 fis = 0.00
111010 1111101 101011 111010 1111101 101011
000010 1111101 101000
name = 18-3
fis =0.00 < Data name = Family 99
000010 1111101 101000 is = 0.00
010010 1111101 000011
name = 18-4 000010 1111001 000011
fis = 0.00
000010 0010111 101011 name = Family 101
fis = 0.00
name = 18-5 000010 0101101 000001
fis = 0.00 000111 1101111 000011

000010 1111111 101010
name = Family 101x77

name = 18-7 fis =0.00
fis = 0.00 000110 0000001 000000
000010 1111101 000000 000010 0000001 000000
A A A A A
! | | ; |
Al6 ADS A10 AD6 A09 A10

Figure 24  Example of the two different types of POPGENE input files created for

analyses between families and between individuals within a family.
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In the case of the between family input file, the data were grouped into four sections
representing the different families and labelled accordingly. The four families were
labelled: ‘Family 18’ for those 5 individuals originating from this family, ‘Family 101’ for
the thirteen individuals obtained from this family, ‘Family 99' for the 11 individuals from
this family, and ‘Family 101 x 77’ for the remaining six samples where as in the case of
the population as a whole, all 35 individuals were grouped together. In both of the input
files, each family was given a Fs value of zero to denote Hardy-Weinberg equilibrium.
Once the data was loaded into the programme an analysis of the genetic variation and
genetic relationship between and within families was determined using dominant marker
analysis on diploid data. Examples of the input files for POPGENE are taken up in the
Appendix B.

ARLEQUIN

The ARLEQUIN software package version 2.000 (Schneider et al., 2000) is the preferred
software for an AMOVA analyses. It consists of a Java graphical interface that allows
the user to rapidly select the analyses required to perform with the data. Many different
types of raw data can be handled by ARLEQUIN, ranging from DNA sequences to
microsatellite data and RFLP to allele frequency data. This package does, however, not
deal with dominant marker analysis directly but can still be used because the functions
originally written for RFLPs are directly applicable for dominant markers such as RAPDs
and AFLPs, which also require binary data (values of “0” and “1”). The ARLEQUIN

software can be obtained from the website www.unige.ch/arlequin/.

ARLEQUIN molecular data analyses are very similar, and in some cases identical, to
that of POPGENE. ARLEQUIN can perform a wide range of statistical tests and
measures that can be applied to data however, in this investigation, ARLEQUIN was
only used to conduct an AMOVA and calculate a Eucilidian distance matrix. POPGENE
was used for the rest of the statistical analyses, as this software package is more user-

friendly and less challenging to the casual computer user as compared to the
ARLEQUIN software package.
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An input file, meeting the specific requirements for the ARLEQUIN package, was
constructed using the raw score data saved in the text file created earlier. Similarly to
POPGENE, the input file consisted of a profile section specifying the properties of the
data such as the title of the project, type of data, number of samples and other
specifications, as well as a data section containing the raw data from the text file.
Following the raw data was a section detailing the structure of the data. Here the
frequency of each specified profile in each family was given as well as an idea as to how
the families were compiled and grouped. An example of an ARLEQUIN input file is

shown in Figure 2.5. The original input file constructed for ARLEQUIN is taken up in the

Appendix C.

[Profite]

Title="AMOVA analysis of 4 black wattle families"

#This project contains a sample of 4 famlies:
NbSamples=4

#Haplotypic Data:

GenotypicData=0

#Each character is an Allele:

LocusSeparator=NONE

#No explicit haplotype constitution for the individuals

DataType=RFLP

#We need to compute the distance matrix

MissingData ='?'

CompDistMatrix=1

[Data]

[[HaplotypeDefinition]]
HaplListName="RAPD data of four families”
HaplList= {

111111011010010000011111101

11111100001000000001 1100001

111111000010000010011100001

111111000010000010011100001

111111000010000000011100001

111111000010000010011101001

11111100001000000001 1100001

111111000010000010011100001

ONOONDHDWN -

[[Samples]]

SampleName= "Family 18"
SampleSize=2
SampleData= {
11
2 1

}
SampleName= "Family 99"
SampleSize=2
SampleData= {
3 1
4 1

}
SampleName= "Family 101"
SampleSize=2
SampleData= {
5 1
6 1

}
SampleName= "Family 101 x 77"
SampleSize=2
SampleData= {
7 1
8 1

[[Structure]]

StructureName= “A single group of 4 samples"
NbGroups = 1

Group= {

"Family 18"

"Family 99"

"Family 101"

"Family 101 x 77*

Figure 2.5  An example of an ARLEQUIN input file displaying the three sections.
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ARLEQUIN analyses are undertaken by creating a Project file with the extension ‘arp.’.
This file contains the input file with all the instructions for the analyses and may contain
the data section (Procedure 1) or may have the data section in an external file, in which
case it is simply referred to as (Procedure 2). Figure 2.6 illustrates the possible routes

that can be followed using the procedures mentioned to create a project file.

ARLEQUIN
S Te—— .
Procedure 1 _Somrue. | B | Procedure 2
e | ]
Mali-piaiior version of ARLEQUIN
Project file {Work arp) o —
- Programme Jﬂlqﬁt&} %"‘"""""“" Pr%tra(t):é gﬁn (m%;ork_arp)
- Dats s .
_G;l_: w“'u:m_ - | Datafile
e g e (Work 1)
. e HTML output folder
HTML output folder G e 1
(Work res} Output ! tput (Work res)

Figure 2.6  Two possible routes that can be followed to create a project file.

In this investigation, procedure 1 was followed and a project file, containing the data
section, was created using the ‘project wizard’. The project wizard allows the user to
create an ‘arp’ folder in which the completed input file can be pasted. A ‘mock’ folder,
whose contents and specifications needed not be accurate due to editing later, was thus
created using project wizard. The input file was copied into this folder and the original
contents, deleted. This resulted in a project file (with an ‘arp’ extension) containing the

input file for the analysis that would be recognised by the ARLEQUIN programme.

Once the project file was saved, it was opened by ARLEQUIN using the ‘Open Project’
option and loaded into the programme. If it was successfully loaded, an outline of the
project file and its contents were displayed in the programme window. By selecting the
‘Calculation Settings’ option the various statistical tests offered by ARLEQUIN were

presented in the interface. In this investigation, the ‘Genetic structure’ calculation
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containing the AMOVA analysis was selected and the appropriate settings, including
whether or not a distance matrix should be computed and displayed, specified. An
AMOVA analysis was conducted on the data from the specified project file, by
constructing a Euclidean distance matrix, using 1 023 permutations. Wright's fixation
index (Fst) was also calculated by the programme. The ‘Run’ function was then
selected, after which the specified computations were undertaken by the programme.
The results were viewed in the AMOVA folder as a separate folder, with the extension

‘res’, and interpreted.
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CHAPTER 3
RESULTS

3.1 INTRODUCTION

In this investigation the optimisation of a DNA extraction method for use in RAPD
fingerprinting was undertaken in black wattle trees, to identify putative markers linked
to the disease complex gummosis. Together with this research an assessment of the
genetic variation and genetic relatedness of the trees used in this investigation was

also undertaken.

As this was the first investigation of its kind, the PCR protocol and conditions had to
be optimised for this particular species before the final fingerprints could be

generated and analysed.

RAPD fingerprints were generated for all the individuals of the different families. The
fingerprints were assessed for putative markers that could be linked to disease
resistance against the disease gummosis. Also, the fingerprints were employed in

the determination of genetic variation, genetic relatedness and family differentiation.

The results of this investigation are presented in the following order:

e Optimisation of a suitable DNA extraction method for black wattle.
¢ Optimisation of a RAPD-PCR protocol.

e Screening of 14 primers for polymorphic content.

e Analysis of primer performance.

¢ lIdentification of markers linked to the disease gummosis.

¢ Quantification of genetic variation within families.

¢ Quantification of genetic relationships between families, and

¢ Quantification of family differentiation.

The various statistical print outs have been taken up in the Appendix.
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3.2 ASSESSMENT OF DNA ISOLATION METHODOLOGY

DNA isolation is the first, and important, step in molecular genetic studies. In black
wattle, a woody species, large amounts of polysaccharides and tannins are present
in cells making it difficult to separate the DNA out. Therefore, a DNA isolation
protocol needs to be designed in such a way so that all contaminants are separated
from the DNA. As only a limited number of molecular investigations have been
undertaken with black wattle, an optimal DNA isolation protocol has not been
described. Thus, the first part of this study involved the optimisation of a suitable

DNA isolation method that was then assessed both quantitatively and qualitatively.

Three DNA isolation methods were assessed in this investigation. The CTAB
method (Doyle and Doyle, 1990) was tested because it is a very comprehensive
protocol that includes a number of reagents known to remove polysaccharides and
other contaminants from plant tissue. The second method assessed was the salting
out method (Aljanabi and Martinex, 1997), which is known to precipitate proteins and
carbohydrates. Furthermore, salt also provides a favourable environment for the
DNA as it contributes positively charged atoms that neutralise the normal negative
charge of the DNA. The third method assessed was the Chelex©-100 method
(modified from Doyle and Doyle, 1990) which is a DNA release method. Chelex©-
100 is a binding resin that binds to cellular components that interfere with subsequent
analysis by releasing the DNA.

The three DNA isolation methods were assessed for their ability to isolate both high
quality and quantity of DNA from three black wattle leaf samples. The quality of the
isolated DNA was assessed by running the DNA on an agarose gel and the quantity
was assessed by spectrophotometry. The average purity and concentration of DNA
isolated from the three samples by the three methods are shown in Table 3.1. The
average purity between the three DNA isolation methods ranged from 0.64 by the
Chelex©-100 method to 1.78 by the CTAB method. Likewise, the average
concentration ranged from 0.014 to 0.350. The CTAB method constantly showed a

much higher average of purity and concentration than the Chelex©-100 and the
salting out method.
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Table 3.1 Comparison of purity and concentration of DNA extraction by CTAB
method, Chelex©-100 method, and salting out method.

DNA isolation method

DNA CTAB Chelex®-100 Salting out
sample i i . tration
Purity Con(c;zr}gsuon Purity Con(cpegr}LrSltlon Purity Con&zr}m)
1“ | 1.80 0.115 6.83 0.010 1,3_0 0.025
2 1.85 0.125 1.00 0.013 1.10 0.020
3 1.70 0.110 0.10 0.019 1.15 0.020
Average 1.78 0.350 0.64 0.014 1.18 0.022

The quality of the isolated DNA was also assessed by gel electrophoresis to verify
whether the DNA was of high molecular weight or whether it was degraded. The
CTAB method produced consistently high molecular weight DNA without
degradation, while the DNA isolated by the Chelex®-100 and salting out methods
produced largely degraded DNA of low molecular weight.

Although three different ages of leaf samples were employed in the investigation of a
suitable DNA isolation protocol, it was found that the concentration of DNA was more

or less similar in all age groups investigated.

After the preliminary evaluation of the three DNA isolation methods, the CTAB
method proposed by Doyle and Doyle (1990) was selected as being the most
effective method in isolating DNA from black wattle leaves. However, slight
optimisations of the original method were undertaken by varying the concentrations
of polyvinyipolypyrrolidone (PVP) and 2-mercapto-ethanol. These reagents are vital
in the binding of polysaccharides and tannins of black wattle, thereby releasing the
DNA. The optimal concentrations of the CTAB protocol are presented in Table 3.2.

Table 3.2 Optimised CTAB DNA isolation method.

Reagent Initial cor:centratlon Optimal cooncentration Quantity
(%) (%)
PVP 1 2

1049
2-mercapto-ethanocl 0.2 0.4 2ml
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DNA was isolated from the different individuals by applying the CTAB method. The
DNA concentrations ranged from 0.001 pg/ml to 0.00150 pg/ml with an average
concentration of 0.001364 pg/mi. The purity of the isolated DNA ranged from 1.7 to a
high of 2.1 with an average purity of 1.9 (Table 3.3). This purity indicated that the
isolated DNA was very pure as the purity values ranged within the standard range of
pure DNA; 1.8 and 2.0.

Table 3.3 Spectrophotometric readings, DNA purity, and concentrations obtained
from the optimised CTAB DNA isolation method.

Individual  A260 A280  Purity Conc. (ug/ml)
181 0.002858 0.001588 1.8 0.001429
18-3 0.002850 0.001425 2.0 0.001425
18-4 0.002798 0001646 1.7 0.001400
18-5 0.003000 0.001579 1.9 0.001500
18-7 0.003010 0.001505 2.0 0.001505
99-1 0.002750 0.001310 2.1 0.001375
99-2 0.002745 0001525 1.8 0.001373
99-3 0002000 0.001111 1.8 0.001000
99-4 0.002200 0.001200 1.8 0.001100
99-6 0.002740 0.001612 1.7 0.001370
99-8 0.002699 0.001499 1.8 0.001349
99-9 0002857 0.001587 1.8 0.001429
99-10 0.002853 0.001585 1.8 0.001427
99-11 0.002845 0.001422 2.0 0.001422
99-12 0.002849 0.001425 2.0 0.001425
99-13 0.002840 0.001495 1.9 0.001420
101-1 0.002839 0.001494 1.9 0.001419
1012 0.002830 0.001348 2.1 0.001415
101-3 0.002765 0.001455 19 0.001382
101-4 0.002350 0.001300 1.8 0.001175
101-5 0.002833 0.001349 2.1 0.001417
1017 0.002835 0.001668 1.7 0.001418
101-8 0.002837 0.001669 1.7 0.001419
101-9 0.002836 0.001576 1.8 0.001418
101-10 0002749 0.001527 1.8 0.001374
10111 0.002763 0.001382 2.0 0.001382
10112 0002760 0.001453 1.9 0.001380
10113 0.002863 0.001507 19 0.001432
10114 0.002731 0.001517 1.8 0.001366
101x77-1  0.002352 0.001307 1.8 0.001176
101x77-2  0.002743 0.001372 2.0 0.001372
101x77-3  0.002769 0.001538 18 0.001384
101x77-4  0.002746 0.001373 2.0 0.001373
101x77-5  0.002100 0.001150 1.8 0.001050

101x77-8  0.002860 0.001505 1.9 0.001430
Mean 1.9 0.001364
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3.3 GENERATION OF RAPD FINGERPRINTS

RAPD-PCR is species specific and is dependent on obtaining the optimal
combination of reagents and conditions. It is therefore important to optimise these
reagent concentrations and PCR settings when analysing a species for the first time.
In this investigation the DNA, primer and magnesium chloride (MgCl») concentrations
of the PCR reaction mixture was optimised by varying the concentrations of one
particular reagent, whilst keeping the other reagents in the reaction mixture constant.
The resulting RAPD amplification products were then separated on a 2 % agarose
gel and the fingerprints evaluated for clear and singular bands.

Several DNA concentrations, ranging from 50 ng/ul to 100 ng/ul were assessed. Itis
very important to determine the optimal amount of template, as too litle DNA may
result in faint or no bands at all, whereas too much DNA may produce smeared
bands. [t was found that 100 ng/ul of genomic DNA produced the most consistent
and brightest DNA fingerprints for this particular species. Likewise, the optimal
primer concentration was found to be 2 uM and for MgCl, 2.5 mM. Table 3.4
presents the different options tested to generate RAPD fingerprints; the DNA, primer,
and MgCl, and the optimised concentrations are indicated in italics.

Table 3.4 Options tested to determine optimised concentrations for PCR.

Options
Content
1 2 3
DNA (ng/ul) 50 75 100
Primer (uM) 1 2 4
MgCl, (mM) 1 2.5 5

The optimisation of PCR settings to amplify DNA to produce RAPD fingerprints was
undertaken by varying the annealing temperature. Temperatures ranging from 29°C
to 41°C were assessed and the optimum annealing temperature was found to be

37°C. The optimum temperature was selected according to the quality of the
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fingerprint generated by comparing which temperature produced the most

reproducible and clear bands.

Figure 3.1 presents a representation of gels

displaying poor amplification and high quality amplification.

- - -
P - — - 5..,..
\. S j
Yo Y
(a) Faint bands {b) Darker bands
Figure 3.1 Representation of DNA fingerprints showing (a) poor quality

amplification, and (b) high quality amplification.

The optimised PCR settings used to amplify DNA to produce RAPD fingerprints in

this investigation are presented in Figure 3.2.

94°C | 94°C |
) : . Q) : —)I) ~
3min | 1 min £ %8 i =t
37°C 2min ! 4 min
2 min ' o
| | g
< >
41 CYCLES
Figure 3.2  Representation of optimised RAPD-PCR settings and cycle numbers.
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3.4 ANALYSIS OF RAPD FINGERPRINTS

3.4.1 Identification of suitable loci

The first step undertaken in the analysis of RAPD fingerprints was to identify those
loci that were suitable to use in all subsequent analyses. Suitable loci were selected
according to how clear, repeatable and consistent the bands they produced were. A
total of 94 loci produced by the 14 primers were consistently clear and repeatable

and thus suitable for all subsequent analyses.

3.4.2 Scoring of RAPD fingerprints

The molecular RAPD fingerprints generated by agarose gel electrophoresis where
converted into digital profiles. A digital profile was representative of the phenotype.
The presence of a band indicated the dominant phenotype of the genotypes AA or
Aa, and was scored as a “1”. The absence of a band indicated the recessive
phenotype of the genotype aa, scored as a “0”. Fingerprint scores were recorded in
Notepad, Windows’ internal word processor, by listing the loci in a specific order for

each primer which was also sequentially arranged (Figure 3.3).

B Untitlee | Matepac

Fle Edt Format View Help

1m11011u0um1m1u:11010111_111)1_101011111111_110001111111.1:11.1000131101111000].‘1111010
].]_‘l111.0000100000000:|110000010l1111010100011.111]11000111111.11111001111mllﬂloﬁllllﬁll P
11111100001000001001110000100010111101021111111111010711131111100011131011101 0011111010 -
11111100001000000 Dm_uooommm;l0100000011_1111_1100011_1_‘1111111101111110011101101111111 L g
1.1_11L:Laoomo00001Dmlmomonuoolooomummlooo:uu:uunlaoaulomnlmmnlm ik
_Y_‘.ﬁ_.;.'_.'—r- — 7oy
. i Individual

Figure 3.3  Example of digital profiles scoring of five black wattle individuals.

The phenotypic digital profiles of all individuals assessed in this investigation are
represented in Table 3.5.



66

Table 3.5 Digital profiles of the phenotypes of each individual showing the presence-phenotype and the null-phenotype of each of
the 94 loci.

Individuals Primers
A-01 A02 A-04  A-06 A0S A0 A2 A13 A7 A48 A-20 C-05 c-06 P17

181 111111 0111101101111 111 111010 1111101 101011 11111111 00011 1111 11111 000111 10111100 0111110 1000101111
18-3 111111 0000100000000 111 ooocoio  t11110t 101000 11111111 00011 1111 11111 001111 00011101 0011110 1100101111
18-4 111111 0000100000100 111 000010 0010111 101011 11111111 00011 1111 11111 000111 11011101 0011111 0100101111
18-6 111111 0000100000100 111 000010 1111111 101010 11111111 00011 1111 11111 000111 00011100 0011111 0100101101
18-7 111111 0000100000000 111 000010 1111101 000000 11111111 00011 1111 11111 011111 10011101 1011111 1100101101
99-1 111111 0000100000100 111 010010 1111001 000011 11111111 00011 1111 11111 000111 01011101 1011110 1100100001
99-2 111111 0000100000000 111 000010 1111001  000Ct1 114114111 00011 1111 11111 000111 01011101 0011111 0001101101
99-3 111111 0000100000100 111 000010 0100001 000001 11114111 00011 1111 11111 000101 10011110 0000110 0010100101
994 111111 0000100000100 111 000010 0100001 001011 11111111 o00011 1111 11111 000101 10011110 0000110 0010100101
99-6 111111 0100100011000 111 001110 1111101 000101 11111111 00111 1111 11111 000111 10011100 0011111 1100100111
99-8 111111 0000100000100 111 000010 1111001 010000 11111111 00111 1111 11111 000111 00011111 0011110 1100101111
99-9 111111 0000100000000 111 000010 1111101 000011 11111111 001411 1111 11111 000111 00011101 0011111 1100101011
99-10 111111 0000110000010 111 oooo10 1111111 000011 11411111 10011 1111 11111 000111 11011101 0001110 1100101001
99-11 111111 0000110010000 111 000010 0101101 010000 11111111 00011 1111 11111 000111 11011100 0001110 0100111011
99-12 111111 0000110000010 111 000010 1111101 000101 11111111 11011 1111 11141 000111 10011101 1001111 1100100001
99-13 111111 1000110010010 111 000111 1111101 010011 11111111 10011 1111 11111 000111 11011101 1001110 1100101011
1011 111111 0100100001000 111 000010 0101101 000001 11111111 00011 1111 11111 00011t 11011100 0010110 0000101001
101-2 111111 0001110000010 111 000111 1101111 000011 11111111 10011 1111 11111 100111 11011101 1001111 1100101011
1013 111111 0000100000010 111 000010 0101101 000011 11111111 00011 1111 11111 000101 00011101 0001111 0001100001
1014 111111 0000100000001 111 000010 0100011 000000 11111111 00011 1111 11111 000101 10011111 0000110 0010101001
101-6 111111 0000110010001 111 oooo11 1111101 010010 11111111 10011 1111 11111 000111 11011101 1001111 1100111001
101-7 111111 0000110000001 111 000011 1111101 010011 11111111 10011 1111 11111 000111 11011101 1001111 0100101001
101-8 111111 0000110000001 111 000011 1111101 010000 11111111 10011 1111 11111 000141 11011101 1001111 1100101011
101-9 111111 0000110010000 111 001111 1111101 010011 11111111 Q0011 1111 11111 010111 01011101 1011110 1100111001
101-10 111111 1000101000000 111 00ot10 1101101 001001 11111111 00011 1111 11111 000111 11011101 0101111 1110110111
101-11 111111 0000100000000 111 000010 0000001 000000 11111111 00011 11411 111141 000101 10011101 0000110 0001100111
10112 111111 0100100101000 111 000111 1101101 001001 11111111 00011 1111 11111 000111 11011100 0101110 1100110111
10113 111111 0000100000000 111 000011 1101101 000001 11111111 00011 1111 11111 000111 01011101 0001111 0001110111
10114 111111 0000100000000 111 000011 1101101 000001 11111111 00011 1111 11111 000111 01011101 0001111 1001110101

101x77-1 111111 0000100000100 111 000011 0011101 000010 11111111 00011 1111 11111 000101 01011101 1001110 0000100001
101X77-2 111111 0000100000000 111 000110 0000001 000000 11111111 00011 1111 11111 000101 00011101 0000110 0001100111
101X77-3 11111 0000100000000 111 000010 0000001 000000 11111111 00011 1111 11111 000111 00011101 0000110 0000100111
101X774 111111 0000100000100 111 000110 1000101 000010 11111111 00011 1111 11111 000111 10011100 0000111 0000100111
101X77-56 111111 0000100000100 111 000010 0000001 000000 11111111 00011 1111 11111 000101 10011101 0000110 0000110111
101X77-8 111111 0001100000100 111 000110 1111101 001001 11111111 10011 1111 11111 000111 01011101 1001111 1100110111

*Numbers 18, 99, 101 and 101x77 refer to the different families where families 18 (resistant family), 99 and 101 are half-sibs and family 101x77 are

full-sibs.
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3.4.3 Primer performance

The performance of the 14 primers employed in this investigation was assessed for
their ability to amplify polymorphic loci by evaluating all the fingerprints. The
monomorphic as well as polymorphic loci were identified for each of the primers.
Primers were named polymorphic if some of the loci produced bands that were
present in some individuals and absent in others, while primers were named
monomorphic if all the loci produced bands in all the individuals. Figure 3.4 displays
a typical black wattle RAPD fingerprint, with monomorphic and polymorphic loci.

’-. | ——
- P
7 ? - — ———
- e
o
—— \ ."L—‘ - \\'-,II | e
Monomorphic Polymorphic
loci loci

Figure 3.4  Representation of typical fingerprints showing monomorphic and
polymorphic loci.

In this investigation it was found that five of the 14 primers were monomorphic and
thus excluded from subsequent analyses, leaving 68 analysable loci. The remaining
nine polymorphic primers produced between three and 12 polymorphic loci (Table
3.6).



Table 3.6

Primer

*A-01
A-02
*A-04
A-06
A-09
A-10
*A-12
A-13
*A-17
*A-19
A-20

C-05
C-06
P17

Total

Primer nucleotide sequence, GC content, number of loci produced, and number and percentage of
monomorphic and polymorphic loci.

Nucleotide sequence

CAG GCC CTTC
TGC CGAGCTG
AAT CGG GCTG
GGTCCCTGAC
GGG TAACGCC
GTG ATC GCA G
TCG GCG ATAG
CAG CACCCAC
GACCGCTIGT
CAAACGTCG G
GTTGCCATCC

GAT GAC CGC C
GAA CGC ACTC
AAA CGG GCG G

*Monomorphic primer.

GC content
(%)

70
70
60
70
70
60
60
70
60
60

60

70
60

70

Number of
loci
observed

13

68

Number of
monomorphic
loci

1

Number of
polymorphic
loci

12

Percéntage of Percentage of

monomorphic  polymorphic
loci loci
8 92
17 83
14 86
0 100
40 60
50 50
37 63
29 71
20 80
22 78

68
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In order to establish whether or not the GC content of the primers affected the
number of loci amplified in a fingerprint, the number of amplified loci of the primers
with different GC contents was compared. From Table 3.6 it became clear that no
particular relationship could be established between the percentage GC content of
the primers and the number of bands they produced. It should however be
mentioned that the primers were originally selected on the basis of having a relatively
high GC content (= 60 %) because it has been genetically found that primers with an
increased GC content has a greater probability to generate bands than primers with a
lower GC content (Benita et al., 2003).

3.5 ASSESSMENT OF GENETIC VARIATION

3.5.1 RAPD markers associated with gummosis

RAPD markers linked to the disease complex gummosis in black wattle were
investigated by comparing the RAPD fingerprints of the disease resistant individuals
(Family 18) to the fingerprints of the disease susceptible individuals. If a band is
found to be present in the fingerprints of the disease resistant individuals, but absent
from the fingerprints of susceptible individuals, this could be identified as a putative

disease resistant marker.

In this investigation, no band was present only in the resistant individuals. In the
same way, no specific band was present only in the susceptible individuals.
However, one band specific to one resistant individual was identified (Figure 3.5).
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Figure 3.5 DNA fingerprint showing marker linked to the disease gummosis, which is present in the disease resistant individual (in

blue) but absent in the disease susceptible individuals (black).



71

3.5.2 Quantification of genetic variation

There are a number of different methods of quantifying genetic variation within a
population or family group. In this investigation the quantification of genetic variation
was undertaken by calculating the percentage polymorphic loci, Nei's gene diversity
(1973), Shannon’s Information Index (Lewontin, 1972), and heterozygosity, which

were determined for the population, as well as for each family individually.

The three measures of genetic variation, polymorphic percentage, Nei’s diversity and
Shannon’s information index, clearly demonstrated a rather limited amount of genetic
variation in this population, which was also reflected by each of the families (Table
3.7). Itis interesting to note that when the polymorphic content was calculated, the
population returned the highest percentage (58.51%) polymorphic loci. Interestingly,
family 101 displayed the highest values for Nei’'s gene diversity and Shannon's
Information Index. The mean for Nei's gene diversity for all families ranged from
0.1064+0.1754 to 0.1556+0.1887 and for the population was 0.1405+0.1789.
Likewise, the mean for Shannon’s Information Index ranged from 0.1589+0.2574 to

0.2364+0.2738 and for the population was 0.2213+0.2540.

Table 3.7 Various measures for the quantification of genetic variation.

Group Polymorphic Nei’s gene Shannon’s Information
loci diversity Index
(%)
B (%) mean+*SD (%) mean+{1*SD)
Family:
18 2872 10.89 0.1089 £0.1775 16.21 0.1621 +0.2606
99 43.62 14.98  0.1498 £0.1900 22.61 0.2261+0.2759
101 46.81 15656 0.1556+0.1887 2364 0.2364 +0.2738
101x77 28.72 10.64 0.1064 +0.1754 1589 0.1589 + 0.2574
Whole population 58.51 1405 0.1405+0.1789 2213 0.2213 +0.2540

*Standard Deviation

As expected, the only family containing full-sibs (101x77) contained consistently the
least amount of genetic variation (Nei's gene diversity = 10.64 % and Shannon’s
Information Index = 15.89 %). Second to family 101x77 was family 18. The limited

amount of genetic variability for family 18 was expected for a half-sib family; however,
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the small number of individuals in this family probably contributed to this low value as

well.

It was interesting to find that the two larger families, 99 and 101, both displayed
nearly double the number of polymorphic loci than the two smaller families, probably
indicating the need to evaluate larger families, even with the large number of loci
investigated (68). This result was also supported by Nei's gene diversity and
Shannon'’s Information Index.

The heterozygosity (2pq) of the population was estimated by firstly determining the
frequency of the null-phenotype at each locus across all primers. Thereafter, the
frequency of the null-allele (q) was calculated by computing the square root of the
frequency of the null-phenotype. The frequency of the presence-allele (p) was then
estimated by applying the formula p = 1-q. Thereafter, the frequency of the
heterozygotes (2pq) was estimated for each locus, after which the mean was
calculated for the population (Table 3.8). The mean estimated heterozygosity of this
population was only 24 %, supporting the notion that genetic variation is rather low.
Although this is expected for such closely related individuals, it was not expected to
be so across the population. The lowest percentage estimated at a particular locus
was 4 % (2 loci) and the highest 50 % (4 loci) (Table 3.8).

When the mean heterozygosity of the loci of the different primers was quantified
separately, it was found that the average heterozygosity ranged from 11 % to 39 %,
affirming the importance of the pre-evaluation of primers.
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Table 3.8 Estimated heterozygosity for the population.

Locus Nuti-phenotype Estimated null- Estimated h eltsesrtci)'zn;ghggity
frequency (q?) allele frequency (q) presence-allele (p) (2pq)
A02-1 0.9409 0.97 | 0.03 0.06
A02-2 0.8836 0.94 0.06 0.11
A02-3 0.9409 0.97 0.03 0.06
A02-4 0.9409 0.97 0.03 0.06
A02-5 0.7396 0.86 0.14 0.24
A02-6 0.8836 0.94 0.06 0.11
A02-7 0.9409 0.97 0.03 0.06
A02-8 0.8649 0.93 0.07 0.13
A02-9 0.9095 0.95 0.05 0.10
A02-10 0.7056 0.84 0.16 0.27
A02-11 0.8649 0.93 0.07 0.13
A02-12 0.8836 0.94 0.06 0.11
Mean heterozygosity - Primer A02 0.12
A06-1 0.9604 0.98 0.02 0.04
A06-2 0.9409 0.97 0.03 0.06
A06-3 0.9095 0.95 0.05 0.10
A06-4 0.7396 0.86 0.14 0.24
A06-5 0.7056 0.84 0.16 0.27
Mean heterozygosity - Primer A06 0.14
Ai)9-1_ - 0.3364 0.58 0.42 - 0.49 -
A09-2 0.2025 0.45 0.55 0.50
A09-3 0.4624 0.68 0.32 0.44
A09-4 0.2601 0.51 0.49 0.25
A09-5 0.2601 0.51 0.49 0.50
A09-6 0.8649 0.93 0.07 0.13
Mean heterozygosity - Primer A09 0.39
A10-1 0.8836 0.94 0.06 0.11
A10-2 0.7921 0.89 0.1 0.20
A10-3 0.7744 0.88 0.12 0.11
A10-4 0.9409 0.97 0.03 0.06
A10-5 0.5329 073 027 0.39

A10-6 0.3969 0.63 0.37 0.47
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Locus Null-phenotype Estimated null- Estimated hetEesrtgz";;ggity
frequency (q%) allele frequency (q) presence-allele (p) (2pq)
Mean heterozygosity - Primer A10 0.22
A13-1 0.7744 0.88 0.12 0.21
A13-2 0.9409 0.97 0.03 0.06
A13-3 0.9095 0.95 0.05 0.10
Mean heterozygosity - Primer A13 0.12
A20-1 0.9095 0.95 0.05 0.10
A20-2 0.9409 0.97 0.03 0.06
A20-3 0.9409 0.97 0.03 0.06
A204 0.2601 0.51 0.49 0.50
Mean heterozygosity - Primer A20 0.18
C051 0.3969 0.63 0.37 0.47
C05-2 0.4900 0.70 0.30 0.42
C05-3 0.9604 0.98 0.02 0.04
co54 0.8836 0.94 0.06 0.11
C05-5 0.2601 0.51 0.49 0.50
Mean heterozygosity - Primer C05 0.31
C06-1 0.6889 0.83 0.17 0.28
C06-2 0.9095 0.95 0.05 0.10
C06-3 0.6561 0.81 0.19 0.31
Co06-4 0.2601 0.51 0.49 0.50
C06-5 0.5041 0.71 0.29 0.41
Mean heterozygosity - Primer C06 0.32
P17 0.4900 070 0.30 0.30
P17-2 0.4356 0.66 0.34 0.45
P17-3 0.8836 0.94 0.06 0.11
P17-4 0.8281 0.91 0.09 0.16
P17-5 0.7396 0.86 0.14 0.24
P17-6 0.4900 0.70 0.30 0.42
P17-7 0.4356 0.66 0.34 0.45
P17-8 0.4624 0.68 0.32 0.44
Mean heterozygosity - Primer P17 0.32

Average heterozygosity for the population 0.24
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3.5.3 Quantification of genetic relationships

Genetic relationships between families and among individuals within families were
quantified according to Nei's (1978) unbiased estimate of genetic identity and
distance by means of a pairwise analysis. Figure 3.6 displays matrices of identity
and distance measures that were estimated with genetic identity (I) above the

diagonal and distance (D) below the diagonal.

In a pairwise analysis of genetic differences (diversity) and similarities (identity)
between individuals within the different families revealed that in general all identities
were high, between 71 % and 98 %. It was interesting to note that the identity
ranges were narrow for the two small families; 80 % to 92 % for family 18 and 80 %
to 97 % for family 101x77. The two larger families, on the other hand, displayed a
larger range in identity comparisons; 72 % to 98 % for family 99 and 71 % to 98 % for
family 101.
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(a) Family 18

jual

(b) Family 101x77

181 181 164 185 107 o 10WTP2 0773 10774 MMKTPS A0INTTE ADI77A
— - Tt s (Ee 1T 2 e 09581 03043 00468 07979 08511
1Mx77 3 00324 e 08149 08574 08085 08817
i BBe T T LA DD MUHx714 01008 0.0889 L 0.9149 0829 08404
B4 ONB 013 T 0949 DM 107S 00547 0043 0088 = DEORS  OOGI7
185 01865 00880 0088 ™=  0.88%0 177 8 02 0215 0188 02N N 08191
187 022% 00774 0Q17B Q145 7 MHxTT 1 01613 01488 0178 01488 0199 e
(c) Family 99
m"':l'","‘:.[':.'::;‘i'm 991 992 993 994 995 998 690 0010 9911 9912 9913
99.1 == 08036 09085 08085 08191 08723 09143 08936 08191 08723 08511
992 04125 ~= 08298 08298 08191 08723 09149 08723 08191 0.8298 0.8085
99.3 0.2126 0.1866 *~  0.9787 07766 08298 07872 07872 08191 07872 0.7234
99.4 0.2126 01866 00215 ™= 07553 08085 07872 07872 07979 0.7660 07234
995 01895 01995 02528 02806 ™= 08404 08830 07379 08085 0.8404 0.7979
99-8 01366 01366 01866 02126 01738 == 00149 08298 08404 08085 08085
99.9 0.0880 00889 02392 D0.2392 01245 008 = 0893 08404 08723 0.8511
99.10 01125 0.1366 0.2392 02392 02258 01866 01125 *= 08617 08148 0.9149
00 11 01995 01995 01995 02258 02126 01738 01738 0.1488 == 08191 0.8617
a9 42 01366 01865 0.23%2 02666 01738 02126 01366 00889 01985 ~ 08723
9913 01613 02126 03238 03238 02258 0217 01613 0.0889 01488 01366 =~
(d) Family 101
onavidual  ggq oz 3 014 s o s owe G- e T TR T
1011 == (7872 08617 08617 07872 0823 08085 07979 07973 08511 08511 08511 0.851
1m-2 02392 ™= 08191 07553 08723 08936 08336 08404 08191 07447 08085 08298 08298
101.3 01488 01935 ™= 08511 07879 08404 07979 (76877 08085 0883 07766 09043 0.8043
1014 01488 02806 01613 * 07766 07979 07979 07234 07660 09043 07340 07979 0.7979
M5 02392 01366 02258 02528 *= DO8574 008574 08043 07973 07447 07872 08298 0.8511
1.7 01866 04125 01738 02258 00435 == 09574 (0.6830 07979 07660 07872 08511 0.8511
18 02126 01125 02258 02258 00435 00435 ™ (8617 08191 07872 08085 08511 0.8511
101.9 02258 01733 02332 03238 01006 01245 01488 *™ 07872 07128 07978 08131 08404
1M-10 02258 0189 02126 02666 02258 02258 01995 02332 = 07379 00043 08830 08830
1011 04613 02948 01245 01006 02948 02666 02392 03386 02258 == 07872 08723 0851
10112 01613 02126 02528 03092 02392 02382 02126 0225 01006 02392 == 068723 0811
113 01613 01886 01006 02258 01866 01613 01613 01995 01245 01366 01366 = 097687
10M-14 01513 01866 01006 02258 01613 0.1613 01613 01738 01245 01613 01366 00215 ==
Figure 3.6  Genetic identity (above diagonal) and distance (below diagonal)

measures within families ((a) — (d)).
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A comparison of genetic identity between the four families also displayed extensive
genetic similarity ranging from 92 % to 99 % (Figure 3.7). It was expected that within
each of the families the genetic variation would be low, however, it was an

unexpected result that the families were so closely related.

Table 3.9 Genetic identity (above diagonal) and distance (below diagonal)

measures between families.

Ifm‘g‘; 18 % 101 101577
18 o 0.95% 0.9473 09227
® 0.0475 s 0.9903 0,965
101 0.05% 0.00%8 st 09721

101xT7 0,081 003 00283 o

These data clearly support the notion that the genetic base in South African black
wattle is low as was estimated by the polymorphic percentage, Nei's genetic
diversity, Shannon’s Information Index, and the estimated heterozygosity.

A popular way to display genetic relationships estimated by Nei's genetic identity and
genetic distance is through a dendogram. The dendograms in this investigation were
based upon Nei's (1978) unbiased genetic distance using the unweighted pair group
method with arithmetic mean (UPGMA) method and were modified from NEIGHBOR
procedure of PHYLIP version 3.5 (Sneath and Snokal, 1973). The trees provided a
representation of the overall genetic relationships between individuals within a family
and between families, where the branch lengths indicates an estimate of frequency
differences (Figure 3.7). The branch lengths of the different trees are all supportive

of the closeness of the genetic relationship amongst this collection of black wattle
individuals.



78

(a) Family 18

(b) Family 99
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Figure 3.7 Dendograms representing the overall genetic relationships between

individuals within a family and between families, (a) Half-sib family 18,
(b) Half-sib family 99, {c) Half-sib family 101, (d) Full-sib family 101x77
and (e) All families.
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A comparison of the genetic relatedness between the different families revealed that
the three gummosis susceptible families clustered together in the tree with short arm
lengths, while family 18, gummosis resistant, was separated from these families on a

separate branch.

A tree was constructed using TREEVIEW (Page, 1996) to relate the relationships
between all the individuals of the population (Figure 3.8). No consistent pattern of
relationship could be identified. The individuals of the different families appeared to
be scattered amongst one another. This random-type of distribution is probably
explained by the extremely close genetic relationship that was identified amongst all

individuals assessed.
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Figure 3.8 Dendogram representing overall genetic relationships between
individual of the black wattle population examined.
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3.5.4 Quantification of population differentiation

A hierarchical analysis of molecular variance (AMOVA) was conducted to quantify
and partition the levels of variability into among- and within-form components.
AMOVA is a method of estimating population differentiation directly from molecular
data and testing hypotheses about such differentiation. To calculate and assess the
molecular variance among and within the families, the software programme
ARLEQUIN version 2.000 (Schneider et al., 2000) was employed. The results of the
AMOVA partitioning of RAPD variance among and within families are shown in Table
3.9. Of the total genetic variation, 87.86 % was attributable to within family’s
variation and only 12.14 % to among families variation in black wattle. However, the
proportion of variation attributed to among families and within families variation was
both found to be highly significant (P<0.001) thus indicating that there was a

significant genetic differentiation between families and within families.

Table 3.10  Analysis of molecular variance for one population of black wattle
individuals based on RAPD variations.

Source of Degrees of Sum of Variance Percentage Probability*

variation freedom squares components of variation value (P)
Among 3 47.469 1.01681 12.14 <0.001
families
Within 31 228.131 7.35908 87.86 <0.001
families
Total 34 275.600 8.37589
Fixation
index (Fsr) 0.12140

*Nonparametric randomisation test (1023 permutations).

Wright's fixation index (Fsr) another measure of population differentiation, was also
calculated. But, unlike AMOVA that estimates population differentiation directly from
molecular data, this index estimates the differentiation by assuming Mendelian gene
frequencies. The calculation of Wright's fixation index (Fst), confirmed the results
displayed by the AMOVA analysis. In this investigation a significant Fgr value of
0.12140 was obtained. According to Wright's guidelines (Hartl and Clarke, 1997), a
value between 0.05 and 0.15 indicates extensive genetic differentiation between

families. The Fsr calculated for these families was approximately 12 % thus indicating
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that genetic differentiation was extensive between different black wattle families
analysed in this investigation.
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CHAPTER 4
DISCUSSION AND CONCLUDING REMARKS

Black wattle was introduced into South Africa from Australia in 1864 as a tree to be used
primarily for shade for livestock, shelterbelts, windbreaks, and for fuel wood (Sherry.
1971). Today black wattle is a major plantation species that contributes substantially to
the South African forestry and forest products sector making up approximately 7 % of
the South African plantation forestry estate. The demand for black wattle bark products
and timber has cemented both locally and internationally, its place in South African
forestry (Dunlop, 2002).

Recently, it has been recognised that breeding programmes will benefit greatly with the
inclusion of molecular technologies. Such techniques could reduce the rather long
generation interval by the identification of superior genotypes in juveniles. The possibility
to identify superior genotypes, in juveniles, would greatly facilitate and speed up all

breeding programmes by including molecular technologies.

The introduction of molecular technologies into tree breeding programmes facilitates
these programmes in various ways. DNA fingerprinting is utilised to identify genotypes
in terms of specific advantageous traits. In many instances it is not possible to identify
the presence of a particular allele and thus the identification of linked DNA markers is
utilised. Such markers play a significant role in marker assisted selection (MAS), where
sort after genotypes are identified at any age. In tree breeding the identification of

superior genotypes at the seedling stage is of great value.

DNA fingerprinting also provides valuable information about the breadth of the genetic
base of a population. Such investigations are of importance in especially introduced
species displaying dwindling numbers.

In all molecular techniques, the efficient isolation of DNA is an important step in the
process (Csaikl et al., 1998). It is therefore important that suitable DNA isolation

procedures are employed that yield pure and high molecular weight DNA. Furthermore.
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it would be advantageous if the selected procedure is quick, easy to apply and cost

effective and, if possible, devoid of dangerous chemicals (Puchooa, 2004).

The isolation of DNA from black wattle has proven to be problematic because of the
presences of high levels of polysaccharides, polyphenols, and tannins present in the
cells. These contaminants are very difficult to remove, and tend to inhibit the activity of
certain DNA-modifying enzymes, such as Taq polymerase. They may also interfere in
the quantification of the purity of nucleic acids by spectrophotometric methods (Wilkie et
al., 1993). Therefore, a suitable isolation method needs to be optimised to yield pure
DNA for subsequent DNA amplifications by PCR to generate RAPDs, AFLPs, RFLPs,

and microsatellites fingerprints (Paterson et al., 1993).

The CTAB DNA isolation method of Doyle and Doyle (1990) has proven to be a
successful isolator of DNA in many tree species. The cells for many tree species
contain a range of different contaminants that are separated from DNA by the CTAB
method. In lychee (Puchooa, 2004) and pine (Strange et al., 1998) that contain high
quantities of polysaccharides and phenolics, high molecular weight DNA of high quality
was isolated with the CTAB method. In black wattle, the CTAB method successfully
isolated DNA that was pure and could be utilised in PCR. The success of this method is
attributed to its comprehensive contaminant binding ability through the use of
antioxidants 2-mercapto-ethanol and polyvinylpolypyrrolidone (PVP), which were able to
bind polyphenolics residing in the cells of black wattle. Furthermore, the high salt
concentration employed by the CTAB method, assisted with the removal of the

polysaccharides and tannins.

A few important points regarding the CTAB isolation method need to be emphasised.
Firstly, it is advisable to use freshly cut leaves, however if this is not possible, leaf
material should be refrigerated. Secondly, it is important that liquid nitrogen be used to
grind the plant tissue as it bursts the plant cell walls and allows the DNA to mix with the
CTAB isolation buffer. It is also vital that the plant grindate be placed on ice immediately
0 as to prevent the DNA from degrading.
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In forestry, where some form of genotyping is often required, the next step after DNA
isolation entails a PCR. PCR is utilised to amplify a range of DNA markers; random
markers such as RAPD and AFLP as well as specific markers such as RFLP and SSR.
Recent developments in DNA marker technology together with traditional breeding
practices provide new solutions for selecting and maintaining desirable genotypes.
Markers closely linked to desirable traits facilitate the identification and selection of
superior genotypes, marker assisted selection, and is regularly performed on early
segregating populations during early stages of plant development (Mohan et al., 1997).
Through the application of marker-assisted selection, it is now possible for a breeder to
conduct many rounds of selection in a year (Adam-Blondon et al., 1994), thereby
reducing the long generation interval in trees (Butcher, 2002). Molecular technologies
has in recent times become fully integrated into existing tree breeding programmes all
over the world allowing breeders to access, transfer and combine genes with precision

at a rate not previously possible.

Extensive efforts have been devoted to the construction of molecular marker maps for
the major commercial genera, such as for eucalypts, pines, and acacias by employing
RFLPs, SSRs, RAPDs and AFLPs. These molecular maps have been used to locate
markers associated with a variety of forestry traits of commercial interest, such as
growth, frost tolerance, wood properties, vegetative propagation, leaf oil composition
and disease resistance (Dekkers and Hospital, 2002). Bulked segregant analysis
(Michelmore et al., 1991) was employed by Devey et al. (1995) to isolate ten RAPD
markers flanking the resistance gene to white pine blister rust in Sugar pine, six of them
within 5 cM of the gene. In Loblolly pine, a dominant gene that confers resistance to
fusiform rust disease was identified by genomic mapping (Wilcox et al 1995). Lehner
et al. (1995) identified in Norway spruce a RAPD marker closely linked to the pendula
gene. These findings thus indicate how molecular marker technology has contributed to
general breeding programmes in a variety of forestry tree species accelerating breeding
success (Rafalski et al., 1991; Rafalski and Tingey, 1993). In black wattle, in this

investigation for the first time, one putative marker was identified linked to disease

resistance of the disease gummosis.
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Genetic variation has become one of the keywords of the scientists and silviculturists
who are concerned about the sustainable management of forests. Genetic variation
refers to the variation at the level of individual genes (polymorphism), and provides a
mechanism for populations to adapt to their ever-changing environment. The greater the
genetic variation, the greater the probability that at least some individuals in a population
will have an allelic variant that is suited to the new and changing environment. These
individuals will produce offspring with variant alleles, thereby assuring that such

beneficial alleles are inherited from generation to generation (Sun et al., 1998).

An understanding of the genetic structure of forest tree species is fundamental for an
appropriate utilisation of forest genetic resources, either for genetic improvement of
plantations or for management or conservation of natural communities (Sun et al.,
1998). In a tree improvement programme, knowledge of the apportionment of genetic
variation within and among natural tree populations is important for initial selection.
Genetic variation in forest trees has been investigated using morphological,
physiological, biochemical and molecular marker traits (Wickneswari and Norwati, 1993).
Knowledge of genetic variation will aid in making reasoned decisions on conservation of

various tree species (Runo et al., 2004).

Forest geneticists have long used field experiments and, to a lesser extent, molecular
markers to study patterns of adaptation in forest trees. Field experiments are employed
to estimate genetic parameters of measurable traits, but they are unable to provide
information about particular genes and how many of them are involved in adaptation,
nor how much of phenotypic variation can be explained by genetic variation amongst
these genes. Another and generally complementary approach for estimating adaptive

genetic variation is to measure the genetic variation using molecular genetic markers.

Molecular markers, which detect variation at the DNA level, provide a way to
characterise genomes accurately at a faster rate. Recently, an array of molecular marker
techniques has been developed. Molecular markers like restriction fragment length
polymorphism (RFLP) (Lebrun et al., 1998), randomly amplified polymorphic DNA
(RAPD) (Ashburner et al., 1997; Rodriguez et al. 1997), amplified fragment length

polymorphism (AFLP) (Perera et al., 1998) and microsatellites or simple sequence
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repeats (SSRs) (Perera et al., 2000) have been successfully employed for assessing
genetic variation in a variety of species. Although newer techniques like AFLP and SSRs
are gaining importance due to their ability to detect more polymorphism, RAPD markers
remain popular because of their simplicity and low development cost. The RAPD
technique is an efficient tool for identifying variation and estimating diversity in different
biological systems (Tingey and Tufo, 1993). RAPD markers are generated by PCR
amplification of random genomic segments with a single short primer (10 -11 mer) of
arbitrary sequence (Williams et al., 1990). Since no a priori knowledge of genome
structure is needed, they are especially useful for analysis of less studied genomes like

black wattle.

Many studies have been conducted on the determination of the genetic variation within
and among populations in a variety of species. In 2001, Hwang et al. investigated the
population differentiation between two populations of each of the two species of
Chamaecyparis trees and found that there was a greater population differentiation
(15.13 %) between the populations of the one species as compared to the other (14.73
%). The genetic diversity was also calculated using Shannon’s Information Index and it
was found that one population had a greater genetic diversity (species one, 0.390 and
species two, 0.448) than the other (species one, 0.267 and species two, 0.409) in both
the species of Chamaecyparis. High levels of population differentiation and genetic
variation indicated dynamic evolution in these two Chamaecyparis species. Pedro and
Jose (2000) investigated the genetic variation among seven Rosaceae trees, an animal
dispersed tree, and found that the genetic diversity for the individual populations ranged
from 8.9 % to 14.9 %. According to Hwang et al. (2001), these high levels of genetic

diversity are most probably associated with long-distance seed dispersal by efficient
medium-sized frugivorous birds and mammals.

A similar study showing high levels of genetic diversity was done by Moran (1992) who
studied patterns of genetic diversity in three major Australian tree species; casuarina,
eucalypts and acacia, by estimating the mean percentage of polymorphic loci, expected
heterozygosity, and Nei’s gene diversity for several populations of each of the species.
The eucalypts gave a mean percentage of polymorphic loci of 56.8 %, 47.76 % for

acacia, and 74.5 % for casuarina. The mean expected heterozygosity was estimated at
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17.4 % for eucalypts, 14.5 % for acacia, and 21.1 % for casuarina. Nei's mean gene
diversity of each species was calculated at 21.3 % for eucalypts, 19.9 % for acacia, and
28.7 % for casuarina. From these quantifications of genetic variation, it was deduced

that casuarina has a higher level of genetic variation compared to eucalypts and acacia.

In most studies into genetic variation in trees, the levels of genetic variation were found
to be very high; however this was not the case in black wattle. In this investigation, the
data clearly support the notion that the genetic base in South African black wattle is
rather narrow as estimated by Nei's unbiased estimate of genetic identity (I) and
distance (D), quantification of differentiation (AMOVA and Wright's fixation index),
percentage polymorphic loci, Nei's genetic diversity, Shannon’s information index, and

the estimated heterozygosity.

Genetic relationships between families and among individuals within families were
quantified according to Nei's unbiased estimate of genetic identity (1) and distance (D).
A pairwise analysis between the individuals within the different families revealed in
general that all similarities were high, between 71% and 99 %. The similarity ranges
were narrow for the two small families; 80 % to 93 % for family 18 and 80 % to 96 % for
family 101x77. The two larger families, on the other hand, displayed a larger range in
identity comparisons; 72 % to 98 % for family 99 and 71 % to 99 % for family 101.

A comparison of the genetic identity between the four families displayed extensive
genetic similarity ranging from 92 % to 99 %, which was expected for each of the
families; however, it was an unexpected result that the families were so closely related.

These data clearly support the notion that the genetic base of South African black wattle
population is narrow.

An analysis of family differentiation was undertaken by conducting an analysis of
molecular variance (AMOVA). The results of the AMOVA partitioning of RAPD variance
among and within families revealed that of the total genetic variation, 87.86 % was
attributable to within family variation and only 12.14 % to between families variation in

black wattle, both highly significant (P<0.001) thus indicating that there is a significant
genetic differentiation between the families.
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Wright's fixation index (Fst) was also computed to estimate population differentiation,
but unlike AMOVA that estimates population differentiation directly from molecular data,
this index estimates the differentiation by assuming Mendelian gene frequencies. The
calculation of Wright's fixation index (Fsr), confirmed the results displayed in the
AMOVA analysis, revealing a significant Fst value of 0.12140, which is the same as
what the AMOVA estimated.

Genetic variation within this group of black wattle individuals was quantified for each
family individually as well as for the entire population. The quantification of genetic
variation was undertaken by determining the percentage polymorphic loci, Nei's gene
diversity, Shannon’s Information Index and estimated heterozygosity. All these
measures of variation clearly demonstrated a rather limited amount of genetic variation
in this population, which was also true for each of the families. The polymorphic content
of the entire population was estimated as 58.51 %. However, family 101 displayed the
highest values for Nei's gene diversity (15.56 %) and Shannon’s Information Index
(23.64 %). As expected, the only family containing full-sibs (101x77) contained
consistently the least amount of genetic variation (Nei's gene diversity = 10.64 %;
Shannon’s information index = 15.89 %). Second to family 101x77 was family 18,
expected for a half-sib family with a small number of individuals. The two larger families,
99 and 101, both displayed nearly double the number of polymorphic loci (43.62 %;
46.81 %) than the two smaller families (28.72 % for both), probably indicating the need

to evaluate larger families or more loci.

The estimated heterozygosity for the population was determined by firstly estimating q
from the frequency of the null-phenotype at each locus by computing the square root,
and thereafter calculating 2pg, the estimated heterozygosity. For the entire population
the estimated heterozygosity was averaged over all loci. The estimated heterozygosity
of this population was low, an average of 24 %, with the lowest percentage estimated at
a particular locus of 4 % (2 loci) and the highest of 50 % (4 loci). The mean
heterozygosity of the loci of the different primers individually ranged from 11 % to 39 %.

The various estimations of genetic variation within black wattle generally indicated

limited variability. These findings support the introduction history of black wattle, where
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a limited number of seeds, thus a limited amount of variability, were introduced from
Australia. Together with the limited original genetic base, extensive selection has been
undertaken in recent times therefore reducing the limited variability available even
further.

Although only a few families were investigated, the results clearly demonstrate the
importance of obtaining extensive knowledge of the introduction history and genetic
variation of a species, as this knowledge impacts greatly on breeding activities such as
selection of superior genotypes and marker-assisted selection. It is therefore important
that an extensive investigation into genetic variation is undertaken across the plantation
distribution area of black wattie in order to obtain a more accurate evaluation of the

extent and complexities of genetic variability in black wattle.
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APPENDIX A

1. DNA isolation protocol 1

CTAB isolation buffer

- 1092 % CTAB

- 40.9 g 1.4 M NaCl

- 2 ml 0.4 % 2-mercaptoethanol

- 372g20mMEDTA

- 50 ml 100 mM Tris-HCI (pH 8.0)
- 1092 % PVP

Make up to 500 ml with distilled water.

CTAB wash buffer

- 4.1 g NaCl
- 10 g CTAB
Make up to 100 ml with distilled water.

Chloroform:lsoamyl alcohol (24:1)

- 480 ml chloroform
- 20 ml isoamyl alcohol
Makes 500 ml. Store in a light sensitive bottle.

1xTE

- 0.65g 10 mM Tris
- 0.186 g1 mM EDTA
Add water to one litre and adjust pH to 7.5.



2. DNA isolation protocol 2

lysis buffer

- 500 ul 1XTNE

- 50 pl 1M Tris-HCL pH 8
- 1 unit Proteinase K (1 pl)
- 7.5 ul 25 % SDS

- 7.5 ul Triton X-100

Make up to one litre.

5 M NaCl

- 29.22g NaCl

Add water to one litre.

10 mM Tris (pH8)

- 5ml0.5M EDTA
- 10 ml 0.5 M Tris-HCI, pH 8.0
- 5ml 10% SDS solution

Make up to 100ml with water and autoclave.



3. DNA isolation protocol 3

20% Chelex©-100

- 0.12 g 10 mMTris
- 20 g Chelex
Make up to 100 ml.



APPENDIX B

1. All Families

Input file

/* Diploid RAPD Data Set */

Number of populations = 4

Number of loci = 94

Locus name:

A01-1 A01-2 AO1-3 AD1-4 AD1-5 A01-6

A02-1 AD2-2 A02-3 AD2-4 AD2-5 AD2-6 AD2-7 AD2-8 A02-3 A02-10 A02-11 A02-12 A02-13

A04-1 AD4-2 A04-3

ACB-1 A06-2 A06-3 A06-4 A06-5 AD6-6

AD9-1 A09-2 A09-3 A0S-4 A09-5 A09-6 AD9-7

A10-1 A10-2 A10-3 A10-4 A10-5 A10-6

A12-1 A12-2 A12-3 A12-4 A12-5 A12-6 A12-7 A12-8
A13-1 A13-2 A13-3 A13-4 A13-5

A17-1 A17-2 A17-3 A17-4

A19-1 A19-2 A19-3 A19-4 A19-5

A20-1 A20-2 A20-3 A20-4 A20-5 A20-6

C05-1 C05-2 C05-3 C05-4 C05-5 C05-6 CO5-7 C05-8
C06-1 C06-2 C06-3 C06-4 C06-5 C06-6 C06-7

P17-1 P17-2 P17-3 P17-4 P17-5 P17-6 P17-7 P17-8 P17-9 P17-10



name = Family 18

fis = 0.00

111111 0110100100000 111 111010 1111101 101011 11111111 00011
111111 0000100000000 111 000010 1111101 101000 11111111 00011
111111 0000100000100 111 000010 0010111 101011 11111111 00011
111111 0000100000100 111 000010 1111111 101010 11111111 00011
111111 0000100000000 111 000010 1111101 000000 11111111 00011

name = Family 99

fis = 0.00

111111 0000100000100 111 010010 1111101 000011 11111111 00011
111111 0000100000000 111 000010 1111001 000011 11111111 00011
111111 0000100000100 111 000010 0100001 000001 11111111 00011
111111 0000100000100 111 000010 0100001 001011 11111111 00011
111111 0100100011000 111 001110 1111101 000101 11111111 00111
111111 0000100000100 111 000010 1111001 010000 11111111 00111
111111 0000100000000 111 000010 1111101 000011 11111111 00111
111111 0000110000010 111 000010 1111111 000011 11111111 10011
111111 0000110010000 111 000010 0101101 010000 11111111 00011
111111 0000110000010 111 000010 1111101 000101 11111111 11011
111111 1000110010010 111 000111 1111101 010011 11111111 10011

name = Family 101
fis = 0.00
111111 0100100001000 111 000010 0101101 000001 11111111 00011

1111
1111
1111
1111
1111

1111
1111
1111
1111
1111
1111
1111
1111
1111
1111
1111

1111

11111 000111
11111 001111
11111 000111
11111 000111
11111 011111

11111 000111
11111 000111
11111 000101
11111 000101
11111 000111
11111 000111
11111 000111
11111 000111
11111 000111
11111 000111
11111 000111

11111 000111

10111100 0111110 1000101111
00011101 0011110 1100101111
11011101 0011111 0100101111
00011100 0011111 0100101101
10011101 1011111 1100101101

01011101 1011110 1100100001
01011101 0011111 0001101101
10011110 0000110 0010100101
10011110 0000110 0010100101
10011100 0011111 1100100111
00011111 0011110 1100101111
00011101 0011111 1100101011
11011101 0001110 1100101001
11011100 0001110 0100111011
10011101 1001111 1100100001
11011101 1001110 1100101011

11011100 0010110 0000101001



111111 0001110000010 111 000111 1101111 000011 11111111 10011
111111 0000100000010 111 000010 0101101 000011 11111111 00011
111111 0000100000001 111 000010 0100011 000000 11111111 00011
111111 0000110010001 111 000011 1111101 010010 11111111 10011
111111 0000110000001 111 000011 1111101 010011 11111111 10011
111111 0000110000001 111 000011 1111101 010000 11111111 10011
111111 0000110010000 111 001111 1111101 010011 11111111 00011
111111 1000101000000 111 000110 1101101 001001 11111111 00011
111111 0000100000000 111 000010 0000001 000000 11111111 00011
111111 0100100101000 111 000111 1101101 001001 11111111 00011
111111 0000100000000 111 000011 1101101 000001 11111111 00011
111111 0000100000000 111 000011 1101101 000001 11111111 00011

name = Family 101x77

fis = 0.00

111111 0000100000000 111 000110 0000001 000000 11111111 00011
111111 0000100000000 111 000010 0000001 000000 11111111 00011
111111 0000100000100 111 000110 1000101 000010 11111111 00011
111111 0000100000100 111 000010 0000001 000000 11111111 00011
111111 0001100000100 111 000110 1111101 001001 11111111 10011
111111 0000100000100 111 000011 0011101 000010 11111111 00001

1111
1111
1111
1111
1111
1111
1111
1111
1111
1111
1111
1111

1111
111
1111
1111
1111
1111

11111 100111
11111 000101
11111 000101
11111 000111
11111 000111
11111 000111
11111 010111
11111 000111
11111 000101
11111 000111
11111 000111
11111 000111

11111 000101
11111 000111
11111 000111
11111 000101

11011101 1001111 1100101011
00011101 0001111 0001100001
10011111 0000110 0010101001
11011101 1001111 1100111001
11011101 1001111 0100101001
11011101 1001111 1100101011
01011101 1011110 1100111001
11011101 0101111 1110110111
10011101 0000110 0001100111
11011100 0101110 1100110111
01011101 0001111 0001110111
01011101 0001111 1001110101

00011101 0000110 0001100111
00011101 0000110 0000100111
10011100 0000111 0000100111
10011101 0000110 0000110111

11111 000111 01011101 1001111 1100110111
11111 000101 01011101 1001110 0000100001



RESULTS - ALL FAMILIES

***********************************************************************
* ok k ok kK kK Ak ok ok

*

*x Nei's Analysis of Gene Diversity in Subdivided
Populations *x

** [See Nei (1987) Molecular Evolutionary Genetics (p. 187-
192)1 et

* K

* *

Kk A h A AR AR AT A A A I AKR AR KRAKRRAAAR KR A A A AN ARA KA A AR I AI A A A AR AR AR IRA R AR ARk hhkhkhkhhhh

*hkkhkkkhkhkkkh X

Locus Sample Size Ht Hs Gst Nm*
AO0I-1 35 0.0000 0.0000 *x KoK *okk ok
A01-2 35 0.0000 0.0000 * koK x i
A01-3 35 0.0000 0.0000 *xAx Hokkx
AO01-4 35 0.0000 0.0000 * Kk x *h kK
AO01-5 35 0.0000 0.0000 *oxAx Hok k&
A01-6 35 0.0000 0.0000 Kowk Hok Ak k
A02-1 35 0.0420 0.0410 0.0222 21.99%21
RA02-2 35 0.1094 0.1063 0.0286 17.0051
A02-3 35 0.0514 0.0472 0.0813 5.6481
AD2-4 35 0.0612 0.0586 0.0420 11.4063
AO02-5 35 0.0000 0.0000 e i
AO02-6 35 0.1871 0.1652 0.1169 3.7782
A02-7 35 0.0194 0.0188 0.0297 16.3267
A02-8 35 0.0698 0.0661 0.0533 8.8758
A02-9 35 0.1072 0.0996 0.0707 6.5676
A02-10 35 0.0613 0.0590 0.0373 12.9032
AO02-11 35 0.3348 0.2900 0.1338 3.2368
A02-12 35 0.1072 0.0996 0.0707 6.5676
A02-13 35 0.0804 0.0699 0.1315 3.3028
AO4-1 35 0.0000 0.0000 HE K KRk x
A04-2 35 0.0000 0.0000 xR KoK * Ak
A04-3 35 0.0000 0.0000 A KA ol
AO6-1 35 0.0514 0.0472 0.0813 5.6481
A06-2 35 0.0732 0.0694 0.0514 9.2201
AD6~-3 35 0.0911 0.0882 0.0313 15.4883
AO6-4 35 0.2395 0.2166 0.0955 4.7357
AQ06-5 35 0.0000 0.0000 KKKk * Rk ok
AO6-06 35 0.2238 0.1797 0.19€9 2.0400
AOS-1 35 0.4855 0.4468 0.0797 5.7698
A09-2 35 0.4836 0.2636 0.4549 0.5991
A0S-3 35 0.4964 0.2695 0.4570 0.5942
A09-4 35 0.4992 0.4400 0.1185 3.7197
AQ09-5 35 0.4889 0.3424 0.2996 1.1688
A09-6 35 0.1605 0.1463 0.0885 5.1520
AQ9-7 35 0.0000 0.0000 KAk * ok k ok
Al0-1 35 0.2382 0.1236 0.4811 0.5393



Al10-2
A10-3
Al10-4
Al0-5
Al0-6
Al2-1
Al2-2
Al2-3
Al2-4
Al2-5
Al2-6
Al2-7
Al2-8
Al13-1
Al13-2
Al3-3
Al3-4
Al3-5
Al7-1
Al7-2
Al17-3
Al7-4
Al9-1
Al9-2
Al19-3
A19-4
Al19-5
A20-1
A20-2
A20-3
A20-4
A20-5
h20-6
Cc05-1
C05-2
C05-3
Cc05-4
C05-5
C05-6
c05-7
c05-8
coé6-1
COb-2
Cc06-3
C06-4
C06-5
C06-6
co6-7
P17-1
pP17-2
P17-3
P17-4
P17-5
P17-6
pP17-7
P17-8
P17-9

35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

.1452
.3098
. 0466
.3970
.4441
.0000
. 0000
.0000
. 0000
. 0000
.0000
. 0000
.0000
.1809
.0230
.0709
.1833
.0000
.0000
.0000
. 0000
.0000
.0000
.0000
.0000
.0000
.0000
.0194
.0698
.1064
.0000
.4814
.0000
.4540
.3919
.0514
.0000
. 0000
. 0000
.0888%
.4998
.2728
.0885
.4458
.4904
.0000
. 0000
.4061
.4144
. 4606
.08383
.1394
.0000
.2173
.4844
.4994
L4671

[eNeNeNoNeNoNoReNoReNeoRoNeoNeNsReReNoReoReReReReReReReRoReNeoNeoNoNeNoNoNoNoNoNoNoNoloNeoNoNeNoNeNole el oloe e R e g

.1326
L2224
.0432
.3855
.3729
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.1724
L0222
.0628
.1208
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0188
.0661
.0873
.0000
.3507
.0000
.4343
.3435
.0472
.0000
.0000
.0000
.0816
.4759
.2694
.0841
.1334
.3220
.0000
.0000
.3896
.3846
.3970
.0800
.1318
.0000
.1948
.2187
.3019
.4312

o O O O loNeNeoNeNe]

leNeNeNeNe) OO OO OO o o

O O OO

.0863
.2821
.0734
.0290
.1605

* k% %k
* ok k&
* Kk ok k
* Kk kK
* X kX
* Kk kK
* Kk xk

Kk kk

.0470
.0353
.1146
.3410

* Kk kK
* ok kK
* Kk k
* Kk Kk k
* ok kk
* ok kok
* ok koK
* Kk ok ok
* Kk ok

* ok kK

.0297
.0533
.1791

* kKK

L2715

* k% k

.0433
.1236
.0813

* %k Kk ok
* ok ok ok

* Kk kK

.0817
.0479
.0123
.0505
.7008
.3434

* Kk Kk

* ok kA

.0406
.0718
.1379
.0466
.0546

* Kk kK&

.1038
.5484
.3955
.0768

N oY oy = U1

10.
13.
.8624
.9663

sy
O O wo v

OO O D

.2960
2721
.3166
.7334
.6161

* ok ok ok
* kK Kk
* kK Kk
* Kk ok ok
* Kk k x
* K KKk
* ok kK
* Kk ok Kk

1361
6587

* K kK
* ok Kk ok
* &k ok
* Kk kK
* kK Kk
* kK Kk
* K ok K
* kX %
* ok kK

* Kk K

.3267
.8758
.2910

* K koK

.3413

* Kk ok

.0500
.5456
.6481

* Kk ok

* Kk Kk

* &k K

.6217
.9422
.0468
.3982
.2135
. 9560

* Kok ok

* ok kK

.8281
.4623
.1253
.2260
.6607

* Kk K Kk

.3150
L4117
.7641
.0123
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P17-10 35 0.0000 0.0000 i xKkok
Mean 35 0.1404 0.1121 0.2018 1.9781
St. Dev 0.0325 0.0204

* Nm = estimate of gene flow from Gst or Ges. E.g., Nm = 0.5(1 -
Gst)/Gst;

See McDermott and McDonald, Ann. Rev. Phytopathol. 31:353-373 (1983).
The number of polymorphic loci is : 55
The percentage of polymorphic leoci is : 58.51

AhA A A A A A A I AR A A A I A A AR A A A A I AR AN A A A A AR T AR A Ak A AT A kAR Ak h Ak bk bk hhkkhkhkdhhhhkxhh

kkhkkkkhkkhdhksk

* %
* %
* Kk Nei's Original Measures of Genetic Identity and Genetic
distance *x
ol [See Nei (1872) Am. Nat. 106:283-292)]
* ok
* *
Kk

Fhhk Ak hkddhkhkhkhkhhkhkk A hhrhhkhkhkhhhhkhhhkhkhkhhhkhhhhhhhkhhhhh kb hkhkhh Ak Ak hkhkhkhkhkhhkhkhkhkhkhkhx*
* ok okk ok ok kK ok kkk

pop 1D 1 2 3 4

1 ol 0.9536 0.9423 0.9227
2 0.0475 il 0.9903 0.9662
3 0.0594 0.0098 o 0.9721
4 0.0804 0.0344 0.0283 *xk K

Nei's genetic identity (above diagonal) and genetic distance (below
diagonal).

**************************************‘k***************‘k****************
* A okok ok Aok ok ok ok ok ok
* %

Dendrogram Based Nei's (1972) Genetic distance: Method =
UPGMA i

--Modified from NEIGHBOR procedure of PHYLIP Version
3.5 ld

**‘k‘k*********‘k***************************************************‘k*****
kok ok ok ok kok ok ok ok ok ok
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o mm e m oo popl
!
--3 o= pop2
! e — 1
B e 2 t-———— pop3
'
it b bt pop4

* File Name: dgraml.plt

Between And Length
3 popl 3.12342
3 2 1.55677
2 1 1.07867
1 pop2 0.48799
1 pop3 0.48799
2 popé 1.56665

Ak A A KA AT AAA AR AA A AT AA I A A A A A AT AR A Ak kA A A hAh bbb A hh kA Ak kA Ak hhhhhhhhkhdd ik

*k kkkhkk ok okkhok

* Kk
*
** Nei's Unbiased Measures of Genetic Identity and Genetic
distance *x
* [See Nei (1978) Genetics 89:583-5390]
* %
* Kk
* Kk

AR A AR A AR KK A AR AR A AR A AR AR A A A Ak Ak A A A kA ARk AR AR R AR R I AR R Ak khk kA Ak kR Ak d Ak kkhkkkx
kA Ak khkkkkkx

pop ID 1 2 3 4

1 el 0.9628 0.9511 0.9323
2 0.0379 o 0.9969 0.9737
3 0.0502 0.0031 Hk kK 0.9794
4 0.0701 0.0266 0.0208 e

Nei's genetic identity (above diagonal) and genetic distance (below
diagonal) .
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hhkhkhkhArAdhhkdhkdhhkdhh A A AAhAAA A A A AR A A A AT I A A A A AR A AR TR R Ak hh ok kkkkokkhk kkkhkk

* Kk k ok kK ok ok ok ok ok Kk

* *
* K

i Dendrogram Based Nei's (1978) Genetic distance: Method =
UPGMA *x

il --Modified from NEIGHBOR procedure of PHYLIP Version
3.5 * *

* K
* &

hhkhhkAkhkhhkhkrrhkhkhkhhAhkkhkAhkhkhkhAkdhhkhkAhkrh kb hkrhk kb r Ak hhrhhkhkdhhhhhkhkhkhkohhhhhkhkhhkh*k

ko Kk ok ok ok ok ok ok ok ok ok

t———— e popl
!
--3 +-pop2
! e 1
tom e e 2 +-pop3
!
Fomm e popé

* File Name: dgram2.plt

Between And Length
3 popl 2.63639
3 2 1.45132
2 1 1.03027
1 pop2 0.15481
1 pop3 0.15481
2 popé 1.18508



2. Family 18

INPUT FILE

/* Diploid RAPD Data Set */

Number of populations = 5

Number of loci = 94

Locus name :

AO01-1 AD1-2 AD1-3 A01-4 AD1-5 AQ1-6

A02-1 AD2-2 A02-3 A02-4 AD2-5 AD2-6 A02-7 A02-8 A02-9 A02-10 A02-11 A02-12 A02-13
A04-1 A04-2 AD4-3

A06-1 AD6-2 A06-3 A06-4 A0B-5 A06-6

A09-1 A09-2 A09-3 A09-4 A09-5 AD9-6 AD9-7

A10-1 A10-2 A10-3 A104 A10-5 A10-6

A12-1 A12-2 A12-3 A12-4 A12-5 A12-6 A12-7 A12-8

A13-1 A13-2 A13-3 A134 A13-5

A17-1 A17-2 A17-3 A17-4

A19-1 A19-2 A19-3 A19-4 A19-5

A20-1 A20-2 A20-3 A20-4 A20-5 A20-6

C05-1 C05-2 C05-3 C05-4 C05-5 C05-6 C05-7 C05-8

C06-1 C06-2 C06-3 C06-4 C06-5 C06-6 C06-7

P17-1 P17-2 P17-3 P17-4 P17-5 P17-6 P17-7 P17-8 P17-9 P17-10

name = 18-1



fis = 0.00
111111 0110100100000 111 111010 1111101 101011 11111111 00011 1111 11111 000111 10111100 0111110 1000101111

name = 18-3
fis = 0.00
111111 0000100000000 111 000010 1111101 101000 11111111 00011 1111 11111 001111 00011101 0011110 1100101111

name = 18-4
fis = 0.00
111111 0000100000100 111 000010 0010111 101011 11141111 00011 1111 11111 000111 11011101 0011111 0100101111

name = 18-5
fis = 0.00
111111 0000100000100 111 000010 1111111 101010 11111111 00011 1111 11111 000111 00011100 0011111 0100101101

name = 18-7
fis = 0.00
111111 0000100000000 111 000010 1111101 000000 11111111 00011 1111 11111 011111 10011101 1011111 1100101101
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RESULTS - FAMILY 18

Khk Ak hkhhhkhkhkhkhhkhkhhkhkhkhkhkhkhkhAhkhkhkkhrhhrkhkhhrhhkhkdhhrhhhhkkhrbdhhhkhkkhkhokhkrkkhhhkkkhrhrhx
*hk ok ok ok ok ok Kk ok ok k ok
* &

* *

*ox Nei's Analysis of Gene Diversity in Subdivided
Populations K

* % [See Nei (1987) Molecular Evolutionary Genetics (p. 187-
192)] *x

* %

* Kk

KA KK I A AR A A A A IR AAAA AR AR AR A A AL A AR AR A I AT A A I A AT A A A A AR A bk kA A Ak kA hkhkhAhhhkhx

ok kok ok kK ke ok ok ko

Locus Sample Size Ht Hs Gst Nm*
A01-1 5 0.0000 0.0000 i koxAx
AO0l-2 5 0.0000 0.0000 *okok ok HEkx
A01-3 5 0.0000 0.0000 *okk ok el
AO01-4 5 0.0000 0.0000 *owkok i
A01-5 5 0.0000 0.0000 el xokH ok
n01-6 5 0.0000 0.0000 hok ok el
A02-1 5 0.0000 0.0000 e i
AQ2-2 5 0.3200 0.0000 1.0000 0.0000
A02-3 5 0.3200 0.0000 1.0000 0.0000
no2-4 5 0.0000 0.0000 il *okkx
AQ02-5 5 0.0000 0.0000 Kok *okokok
AQ2-6 5 0.0000 0.0000 Kok ko *okkx
AQ02-7 5 0.0000 0.0000 * kK xokkx
A02-8 5 0.3200 0.0000 1.0000 0.0000
A02-9 5 0.0000 0.0000 *okAok Hokxk
A02-10 5 0.0000 0.0000 *hkx *HAE
AO02-11 5 0.4800 0.0000 1.0000 0.0000
AQ02-12 5 0.0000 0.0000 *ok kK Kok Aok
AO02-13 5 0.0000 0.0000 * kxR x okl
A04-1 5 0.0000 0.0000 fallalolal el
A04-2 5 0.0000 0.0000 *h kK KAk
A04-3 5 0.0000 0.0000 i el
AQ6-1 5 0.3200 0.0000 1.0000 0.0000
AQ6-2 5 0.3200 0.0000 1.0000 0.0000
AO6-3 5 0.3200 0.0000 1.0000 0.0000
AO6-4 5 0.0000 0.0000 el ekl
AQ6-5 5 06.0000 0.0000 *ok kK KR KK
AO6-6 5 0.0000 0.0000 i KEXKE
AQ9-1 5 0.3200 0.0000 1.0000 0.0000
A09-2 5 0.3200 0.0000 1.0000 0.0000
AQ0S-3 5 0.0000 0.0000 Kok kK * k&K
A0S-4 5 0.3200 0.0000 1.0000 0.0000
A0S-5 5 0.0000 0.0000 KKKk *okok ok
A09-6 5 0.4800 0.0000 1.0000 0.0000
A0S-7 5 0.0000 0.0000 i * ok ok
A10-1 5 0.3200 0.0000 1.0000 0.0000



Al0-2
A10-3
A10-4
Al0-5
Al0-6
Al2-1
Al2-2
Al2-3
Al2-4
Al2-5
Al2-6
Al2-7
Al2-8
A13-1
Al13-2
Al3-3
Al3-4
Al3-5
Al7-1
Al7-2
Al7-3
Al7-4
Al9-1
Al1S-2
A19-3
Al9-4
Al19-5
»20-1
A20-2
A20-3
n20-4
AZ20-5
A20-6
c05-1
c05-2
c05-3
C05-4
Cc05-5
Cc05-6
Cc05-7
€05-8
C06-1
Cc06-2
C06-3
co6-4
C06-5
C06-6
co6-7
P17-1
P17-2
P17-3
P17-4
P17-5
P17-6
P17-7
P17-8
P17-9

CRCECRG RO NG RORG NS RO NC RS RLERG NN RO RG RO RO EORG NN RGN RO NCRGEOEC RO RGN NG IS WS RE IS NC I I I E I IR G RN G, G RGN CU G

[cNoNeReReReReRoNecReReReReReReReNeReReReReReReReReReReR=ReReReR=ReReReoRs NelloNoNoNoNo oo NoNeNo ool ool oo RN e

.0000
.3200
.0000
.4800
.4800
.0000
.0000
.0000
. 0000
.0000
. 0000
.0000
.0000
.0000
. 0000
. 0000
. 0000
. 0000
.0000
. 0000
. 0000
.0000
.0000
. 0000
.0000
.0000
. 0000
. 0000
.3200
. 4800
.0000
.0000
. 0000
.4800
.3200
.3200
.0000
.0000
. 0000
. 0000
.4800
.3200
.3200
. 0000
.0000
.0000
. 0000
.4800
.4800
.3200
.0000
. 0000
. 0000
.0000
.0000
.0000
.4800

e RN eNoNoRoReReleRoReReReReReReReRe e e R ReReleReReR=ReoReRe = Re R ReReReNo o Ne o NolloNa Nl oo e e ol e oo o R SR Y

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
. 0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
. 0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

[

—

ju

* Kk ok ok

.0000

* ok ok ok

.0000
.0000

* Kk ok
* ok kK
* * kK
* K Kk k
* Kk kK
* kKK
H* ok ok ok
* ok ok ok
* Kk ok ok
* Kk kK
* Kk ok
* kK ok
* k kK
* Kk k&
* Kk ok Kk
* % k%
ok ok K
* ok ok ok
* Kk ok k
* ok k ok
* kKK
* k kK

* Kk ok ok

.0000
.0000

* Kk kK

* ko k ok

* Kk k&

.0000
.0000
.0000

* kKK

* kK Kk

* ok k Kk

ok kK

.0000
.0000
.0000

Kok kK

* &k &

* ok Kk Kk

* Kk Kk

.0000
.0000
.0000

* k kK
* K kK
* KKk
* )k Kk %
* Kk k ok

* ok ok ok

.0000

(@]

(@]

o

* Kk Kk

. 0000

* ok kK

.0000
. 0000

* ok kk
ok ok A
** kK
* Kk Kk
* Kk Kk
* ok ok ok
* ok ok k
* ok ok &
* Kk K
*kok ok
* Kk x Kk
* Kk Kk Kk
* ok ok ok
* ok k&
* ok ok ok
* k% k
* Kk K
* ok k Kk
* Kk ok k
* kR Kk
* KK Kk
H &k K

* Kk k k

.0000
.0000

* K kK

koK ok

* % ke ok

. 0000
.0000
. 0000

* kok ok

* Kk kK

* ok ok ok

* ok kK

. 0000
. 0000
.0000

* Ok k ok
* Kk kok
* ok k A

* ok ok

. 0000
.0000
. 0000

* ok kK
* ok k Kk
* Kk kK
* Kk kK
* Kk Kk

* kK K

. 0000

16
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P17-10 5 0.0000 0.0000 Hok ko *rkox
Mean 5 0.1089 0.0000 1.0000 0.0000
St. Dev 0.0315 0.0000

* Nm = estimate of gene flow from Gst or Gecs. E.g., Nm = 0.5(1 -
Gst)/Gst;

See McDermott and McDonald, Ann. Rev. Phytopathol. 31:353-373 (1993).
The number of polymorphic loci is : 27
The percentage of polymorphic loci is : 28.72

Kk hkhhhkhkAAhAhkhkrkA A A A AR A IR AR A AT IR AR AR A AR TR KRR A AR AT A A A A oA A A Ak kA AT hhkhkkhkhkk

* ok ok okok ok okok ke ok kK

* K
* K
** Nei's Original Measures of Genetic Identity and Genetic
distance * K
* [See Nei (1972) Am. Nat. 106:283-292)]
* k
* %
* K

bR AR SRR RS R R R EE SRR RS SRR R R R R R R R e
* ok ok hk ok okok koK ok ok ok

pop ID 1 2 3 4 5

1 ok 0.8511 0.8085 0.8298 0.7979
2 0.1613 el 0.8723 0.9149 0.9255
3 0.2126 0.1366 *ok koK 0.91453 0.8404
4 0.1866 0.0889 0.0889 *oxok ok 0.8830
3 0.2258 0.0774 0.1738 0.1245 *ok kK

Nei's genetic identity (above diagonal) and genetic distance (below
diagonal).
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e R R R R e R R R I R R b i i ki 2 e I S A R i R R e

* Kk ok ok k kA Kk ok ok ok Kk

* *
* *

** Dendrogram Based Nei's (1972) Genetic distance: Method =
UPGMA falat

*x --Modified from NEIGHBOR procedure of PHYLIP Version
3.5 i

* *
* %

e RS S S S SRS EESSSE RS SRR SRS RS SRR RS RS SR EEEEEE SR EEREEE R R EEE R

* ok ok ok ok ok ok ok ok ok ok ok

- popl
!
--4 Fomm e pop2
! Fom e 1
! ! P popb
e 3
! e pop3
T 2
L e pop4

Between And Length
4 popl 9.82778
4 3 3.27998
3 1 2.67847
1 pop?2 3.86933
1 peopS 3.86933
3 2 2.10043
2 pop3 4.44737
2 pop4d 4.44737

***********************************************************************
K*ok ok ok ok ok ok ok ok k ok Kk

* &

*k Nei's Unbiased Measures of Genetic Identity and Genetic

distance **
* *

[See Nei (1978) Genetics 89:583-590]
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A AA K KA A I A A A Ak ko kA A A Ak kAR A kA A A A A AR AT R I AA KRR AR AR AR TR Ak hkhkhkhhkkdohkkkk*

*k ok kKA Ak ok khk kK

pop ID 1 2 3 4 5

1 il 0.8511 0.8085 0.8298 0.7979
2 0.1613 Kok kk 0.8723 0.9143 0.9255
3 0.2126 0.1366 * KKk 0.9148% 0.8404
4 0.1866 0.0889 0.0889 *ok ok 0.8830
5 0

.2258 0.0774 0.1738 0.1245 *okk &

Nei's genetic identity (above diagonal) and genetic distance (below
diagonal) .

LR R R R R R R R B i R I R e R R R L R R R ]
* Kk khk kKK kK ok

* K
* *

* K Dendrogram Based Nei's (1978) Genetic distance: Method =
UPGMA *x

*x --Modified from NEIGHBOR procedure of PHYLIP Version
3.5 *x

* *
* *

Thhhkhhkhhhhhhh bk k ko hkhkkhk kb hk Ak ko kA Sk khkkkhkkkhkhkhh ok khkhk Ak khkhkkk hkhdk >k hk khkk &k *k
Kk Ak Kk ohkkkkkhk Kk

popl
!
--4 Fm pop2
! o 1
! ! t———— popS
Fom e 3
! - pop3
Fom 2
Lt pop4

* File Name: dgram2.plt

Between And Length

4 popl 9.82778
4 3 3.27998



NDNDWRFE P W

pop2
pop5S

pop3
pop4

BN W w N

.67847
.86933
.86833
.10043
.44737
.44737

20



3. Family 99

INPUT FILE

/* Diploid RAPD Data Set */
Number of populations = 11
Number of loci = 94

Locus name :
A01-1 AD1-2 A01-3 A01-4 AD1-5 AD1-6

A02-1 AD2-2 A02-3 A02-4 A02-5 A02-6 AD2-7 AD2-8 AD2-9 A02-10 A02-11 A02-12 AD2-13

AO4-1 AD4-2 AD4-3

A06-1 ADB-2 A06-3 A06-4 AD6-5 AD6-6

A09-1 A09-2 AQ9-3 A09-4 AQ9-5 A09-6 AD9-7

A10-1 A10-2 A10-3 A10-4 A10-5 A10-6

A12-1 A12-2 A12-3 A12-4 A12-5 A12-6 A12-7 A12-8
A13-1 A13-2 A13-3 A134 A13-5

A17-1 A17-2 A17-3 A17-4

A19-1 A19-2 A19-3 A19-4 A19-5

A20-1 A20-2 A20-3 A20-4 A20-5 A20-6

C05-1 C05-2 C05-3 C05-4 C05-5 C05-6 C05-7 C05-8
C06-1 C06-2 C06-3 C06-4 C06-5 C06-6 C06-7

P17-1 P17-2 P17-3 P17-4 P17-5 P17-6 P17-7 P17-8 P17-9 P17-10

name = 99-1



fis = 0.00
111111 0000100000100 111 010010 1111101 000011 11111111 00011 1111 11111 000111 01011101 1011110 1100100001

name = 99-2
fis=0.00
111111 0000100000000 111 000010 1111001 000011 11111111 00011 1111 11111 000111 01011101 0011111 0001101101

name = 99-3
fis = 0.00
111111 0000100000100 111 000010 0100001 000001 11111111 00011 1111 11111 000101 10011110 0000110 0010100101

name = 99-4
fis=0.00
111111 0000100000100 111 000010 0100001 001011 11111111 00011 1111 11111 000101 10011110 0000110 0010100101

name = 99-6
fis = 0.00
111111 0100100011000 111 001110 1111101 000101 11111111 00111 1111 11111 000111 10011100 0011111 1100100111

name = 99-8
fis = 0.00
111111 0000100000100 111 000010 1111001 010000 11111111 00111 1111 11111 000111 00011111 0011110 1100101111

name = 99-9
fis= 0.00



111111 0000100000000 111 000010 1111101 000011 11111111 00111 1111 11111 000111 00011101 0011111 1100101011

name = 99-10
fis = 0.00
111111 0000110000010 111 000010 1111111 000011 11111111 10011 1111 11111 000111 11011101 0001110 1100101001

name = 99-11
fis = 0.00
111111 0000110010000 111 000010 0101101 010000 11111111 00011 1111 11111 000111 11011100 0001110 0100111011

name = 99-12
fis = 0.00
111111 0000110000010 111 000010 1111101 000101 11111111 11011 1111 11111 000111 10011101 1001111 1100100001

name = 99-13
fis = 0.00
111111 1000110010010 111 000111 1111101 010011 11111111 10011 1111 11111 000111 11011101 1001110 1100101011
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RESULTS — FAMILY 99

********************************************************************k***
KhkhkkkhhkhhhAk

**

ol Nei's Analysis of Gene Diversity in Subdivided
Populations ik

il [See Nei (1987) Molecular Evoluticnary Genetics (p. 187-
192)] *x

* %

* ok

kA Ak kA A A A A A A A A AR A KAk Ak kA Ak kA A AR A A kA A A Ak Ak A d Ak hkhkh kT x kA h Ak dhh A dhhhdr

khkhkhkkhkrkkkhkk

Locus Sample Size Ht Hs Gst Nm*

AD01-1 11 0.0000 0.0000 ol i
AQl-2 11 0.0000 0.0000 il rok A
A01-3 11 0.0000 0.0000 el HHAK
AO01-4 11 0.0000 0.0000 il i
AO01-5 11 0.0000 0.0000 foliaal i
AQl-6 11 0.0000 0.0000 *HEKEE el
AO02-1 11 0.1653 0.0000 1.0000 0.0000
AO2-2 11 0.1653 0.0000 1.0000 0.0000
no2-3 11 0.0000 0.0000 kKK il
AO02-4 11 0.0000 0.0000 *okk ok i
A02-5 11 0.0000 0.0000 el *oxk ok
A02-6 11 0.4628 0.0000 1.0000 0.0000
AQ2-7 11 0.0000 0.0000 el Hkok ok
AO2-8 11 0.0000 0.0000 xokk ok *kx
A02-9 11 0.3967 0.0000 1.0000 0.0000
A02-10 11 0.1653 0.0000 1.0000 0.0000
A02-11 11 0.4628 0.0000 1.0000 0.0000
AQ2-12 11 0.3967 0.0000 1.0000 0.0000
A02-13 11 0.0000 0.0000 e *okk ok
A04-1 11 0.0000 0.0000 Hh kK xHAE
A04-2 11 0.0000 0.0000 >k * ok Kok
A04-3 11 0.0000 0.0000 et *okokx
AQ6-1 11 0.0000 0.0000 el Hokk K
AQ6-2 11 0.1653 0.0000 1.0000 0.0000
AO6-3 11 0.1653 0.0000 1.0000 0.0000
AO06-4 11 0.2975 0.0000 1.0000 0.0000
AQ06-5 11 0.0000 0.0000 *k kK xRKK
AO6-6 11 0.1653 0.0000 1.0000 0.0000
A0S-1 11 0.3967 0.0000 1.0000 0.0000
AD9-2 11 0.0000 0.0000 el *kkox
A0S-3 11 0.3967 0.0000 1.0000 0.0000
A09-4 11 0.2975 0.0000 1.0000 0.0000
A09-5 11 0.4628 0.0000 1.0000 0.0000
A0S-6 11 0.1653 0.0000 1.0000 0.0000
A0S-T7 11 0.0000 0.0000 fallalold i
Al0-1 11 0.0000 0.0000 H A KK wARAK



Al10-2
Al0-3
Al0-4
Al0-5
Al10-6
Al2-1
Al2-2
Al2-3
Al2-4
Al2-5
Al2-6
Alz-7
Al2-8
Al3-1
Al3-2
Al3-3
Al3-4
Al3-5
Al7-1
Al7-2
Al7-3
Al7-4
AlS-1
Al9-2
AIS-3
Al9-4
Al19-5
A20-1
A20-2
A20-3
A20-4
A20-5
A20-6
co5-1
C05-2
C05-3
C05-4
C05-5
C05-6
C05-7
C05-8
ClO06-1
c06-2
C06-3
C06-4
C06-5
C06-6
co6-7
P17-1
Pl17-2
P17-3
pP17-4
P17-5
P17-6
P17-7
P17-8
P17-9

11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11

[eNeNoNeoNoNoNoNoNoNeoNoNoNoNoNoNoNoloNoNoRoNoNoloNoNoleoNoNaelloNoNoloNeoNeoRolloloNoNoRoloNoNoNo e oo o lNolo o Ro oINS )

.3967
.1653
L2975
L4959
L2975
.0000
.0000
. 0000
.0000
.0000
. 0000
. 0000
. 0000
. 3967
.1653
.3967
.0000
.0000
.0000
.0000
. 0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
. 0000
. 0000
.0000
.2975
. 0000
. 4628
.4959
.0000
.0000
. 0000
. 0000
.39%67
.4628
.3967
.0000
.4959
.2975
.0000
. 0000
.4628
.4628
. 3967
.2975
.1653
.0000
.1653
.4959
.4959
.4959

[eNeoNeoNeNoNoNoloNolNoNoNoleoNeoNoNoNoNoNeNollelNeoNeNo oo o NoNeoNolNoNRoNoleNoRoloRoNoNoNoNoNeN oo NeNeeo el oNeie oo RS e

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

I = = S

—

—

el e =

R

.0000
.0000
.0000
.0000
.0000

* Aok ok

* %k ko

* ok kK

* ok ok ok

* ok ok ok

* ok k&

* kR ok

* Kk Kk ok

.0000
.0000
.0000

* Kk ok
* Kk kK
* Kk ok ok
* Kk kK
* ok kK
* ok kK
)k kK
* ok kk
* %k k
* Kk kK
* Kk ok ok
*oF kK
* Kk ok ok
* ok kK

* & Kk

.0000

* ok ok ok

.0000
.0000

* ok ok ok
* kK K
* Kk ok

* Kk ok ok

.0000
.0000
.0000

*kok K

.0000
.0000

* Ak Kk

* Kk ok Kk

.0000
.0000
.0000
.0000
.0000

LR

.0000
.0000
.0000
.0000

o O O OO0

o

o

o OO0 oo (@)

[eNeNoNel

.0000
.0000
.0000
.0000
. 0000

* %k Kk

* koA K

* kK% %k

* ok ok ok

* Kk ok K

* &k ok

* Kk &

* %k Kk

.0000
. 0000
.0000

* k% Kk
* ok k ok
* ok ok ok
* kK ok
* kK *
* * Kk k
* ok %k k
* kK Kk
* kK ok
* ok kK
* &k K
E
kK kK
* ke kK

* %k k

.0000

* kK ok

.0000
. 0000

* ok ok ok

* ok kK

* kK K

* Kk ok ok

.0000
. 0000
.0000

* Kk ok ok

.0000
. 0000

* Kk ok

* K Kk K

. 0000
.0000
. 0000
. 0000
.0000

* ok k&

.0000
.0000
. 0000
.0000

25



26

P17-10 11 0.0000 0.0000 xER KK e
Mean 11 0.1498 0.0000 1.0000 0.0000
St. Dev 0.0361 0.0000

* Nm = estimate of gene flow from Gst or Ges. E.g., Nm = 0.5(1 -

Gst)/Gst;
See McDermott and McDonald, Ann. Rev. Phytopathol. 31:353-373 (1993).

The number of polymorphic loci is : 41
The percentage of polymorphic loci is : 43.62

***********************************************************************

*ok ok ok ok kA KKk ok k

kK
* K

** Nei's Original Measures of Genetic Identity and Genetlc
distance i

* ok [See Nei (1972) Am. Nat. 106:283-292)]
* *

* Kk

******‘k****************************************************************

* ok ok k ok ok ok ok ok ok ok ok

pop ID 1 2 3 4 5 6 7
8 9 10 11

1 *ok A x 0.8936 0.8085 0.8085 0.8191 0.8723
0.9149 0.8936 0.8191 0.8723 0.8511

2 0.1125 *ok ko 0.8298 0.8298 0.8191 0.8723
0.9149 0.8723 0.8191 0.8298 0.8085

3 0.2126 0.1866 i 0.9787 0.7766 0.8298
0.7872 0.7872 0.8191 0.7872 0.7234

4 0.2126 0.1866 0.0215 el 0.7533 0.8085
0.7872 0.7872 0.7979 0.7660 0.7234

5 0.1995 0.19385 0.2528 0.2806 *oK KK 0.8404
0.8830 0.7978 0.8085 0.8404 0.7979

6 0.1366 0.1366 0.1866 0.2126 0.1738 Hok kK
0.9149 0.8298 0.8404 0.8085 0.8085

7 0.0889 0.0889 0.2392 0.2392 0.1245 0.0889
*ok Rk 0.8936 0.8404 0.8723 0.8511

8 0.1125 0.1366 0.2392 0.2392 0.2258 0.1866
0.1125 *ok A x 0.8617 0.9149 0.9149

9 0.1995 0.1995 0.1995 0.2258 0.2126 0.1738
0.1738 0.1488 Foxokox 0.8191 0.8617

10 0.1366 0.1866 0.2392 0.2666 0.1738 0.2126
0.1366 0.0889 0.1995 Fokk 0.8723

11 0.1613 0.2126 0.3238 0.3238 0.2258 0.2126
0.1613 0.0889 0.1488 0.1366 Fok ek



Nei's genetic identity (above diagonal) and genetic distance (below
diagonal) .

EERESRESESAEEESEEES RS SRS ESEEE S SR EE SRR ESER SRR RS IR RS EEEEEEER SRR R R R

Kok okok ok ok kok A h kK

* k
* K

* Dendrogram Based Nei's (1972) Genetic distance: Method =
UPGMA ok

*x --Modified from NEIGHBOR procedure of PHYLIP Version
3.5 *

* *
* K

LR RS AR SRR RS SRR R R S R R R R R R R i N e R R R R R

k ok okkkkk ok kk kK

e popl
+-—-2
t=—4 e pop7
! !
Fom— 6 Fomm pop2
! !
! e pop6
+-=7
U e pop8
! ! G 3
+--8 4+ 5 tom popl0
! ! !
oo - popll
Fomm e 9 !
! P pop9
! !
-10 t—————— pop5
!
t +-——-pop3
T T T 1
+-——-pop4
* File Name: dgraml.plt
Between And Length
10 9 2.25586
9 8 0.71097

8 7 0.68435



28

7 6 2.16534
© 4 0.99934
4 2 0.58826
2 popl 4.44737
2 pop7 4.44737
4 pep2 5.03564
6 pop6 6.03498
7 5 2.56224
5 3 1.19070
3 pop8 4.44737
3 popl0 4.44737
5 popll 5.63808
8 pop9 8.88467
9 popS 9.59563
10 1 10.77619
1 pop3 1.07531
1 popéd 1.07531

***********************************************************************
* ok ok khk kKK KK kK
* K

* *

*x Nei's Unbiased Measures of Genetic Identity and Genetic
distance *x
** [See Nei (1978) Genetics 89:583-590]

* %

Ak hkhkdhkhkhrhkhhkhhhkhkhkhkhkhkhhkrhkhkrKhdhhkhkrhhkhdhkhkxhk Ak dkdkhkkhkkkkkkdkhkhhkkkrkhkhkhkkhk
*hkkhkk kKA AkAx

pop ID 1 2 3 4 5 S 7
8 9 10 11

1 kKK 0.8936 0.8085 0.8085 0.8191 0.8723
0.9149 0.8936 0.8191 0.8723 0.8511

2 0.1125 il 0.8298 0.8298 0.8191 0.8723
0.9149 0.8723 0.8191 0.8298 0.8085

3 0.2126 0.1866 i 0.9787 0.7766 0.8298
0.7872 0.7872 0.8191 0.7872 0.7234

4 0.2126 0.1866 0.0215 Kk KK 0.7553 0.8085
0.7872 0.7872 0.7979 0.7660 0.7234

5 0.1995 0.1995 0.2528 0.2806 * kK k 0.8404
0.8830 0.7979 0.8085 0.8404 0.7979

6 0.1366 0.1366 0.1866 0.2126 0.1738 w A K
0.9149 0.8298 0.8404 0.8085 0.8085

7 0.0889 0.0889 0.2392 0.2392 0.1245 0.0889
w ok 0.8936 0.8404 0.8723 0.8511
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8 0.1125 0.1366 0.2392 0.2392 0.2258 0.1866
0.1125 xokok ok 0.8617 0.9149 0.9149

9 0.1995 0.1995 0.1985 0.2258 0.2126 0.1738
0.1738 0.1488 el 0.8191 0.8617

10 0.1366 0.1866 0.2392 0.2666 0.1738 0.2126
0.1366 0.0889 0.1995 KHEA 0.8723

11 0.1613 0.2126 0.3238 0.3238 0.2258 0.212e
0.1613 0.0889 0

.1488 0.1366 Hok Ak

Nei's genetic identity (above diagonal) and genetic distance (below
diagonal) .

bR R i i e S R i B ke I A e o i e R R i R i R R I R R I

* ok ok ok ok ok ok ok ok ok kK

* *
* *

*x Dendrogram Based Nei's (1978) Genetic distance: Method =
UPGMA el

*x --Modified from NEIGHBOR procedure of PHYLIP Version
3.5 okl

* Kk
* x

Ahhhhhhhhhkhdhh ok hkhkhk kA A A Ak hk ko hkhh kA hk Ak hkhkhkhkhkkhk ko k kA kkhk kA khhkhhhkkkhkhhkhhokh K kk*kk*k
* ok ok ok ok ok ok ok ok ok ok Kk

e popl
+--2
t———-d e pop7
! !
Fo—m———— 6 - pop2
1 !
! e pop6
+-=7
U e pop8
P F———- 3
+—-8 A ] e popl0
! ! !
U to popll
Fomm 9 !
! b pop9
! !
-10 P popS
!
! +-———pop3
ey 1

+--—-pop4



* File Name: dgramZ.plt

Between And

=
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o
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4, Family 101

INPUT FILE

/* Diploid RAPD Data Set */

Number of populations = 13

Number of loci = 94

Locus name :

A01-1 A0O1-2 A01-3 A01-4 AD1-5 AD1-6

A02-1 A02-2 AD2-3 AD2-4 AD2-5 A02-6 A02-7 AD2-8 A02-9 A02-10 A02-11 AD2-12 A02-13
A04-1 A04-2 AD4-3

A06-1 A0B-2 A06-3 AD6-4 ADB-5 ADB-6

A09-1 A09-2 AD9-3 A09-4 ADS-5 AD9-6 AD9-7

A10-1 A10-2 A10-3 A10-4 A10-5 A10-6

A12-1 A12-2 A12-3 A12-4 A12-5 A12-6 A12-7 A12-8

A13-1 A13-2 A13-3 A13-4 A13-5

A17-1 A17-2 A17-3 A17-4

A19-1 A19-2 A19-3 A194 A19-5

A20-1 A20-2 A20-3 A20-4 A20-5 A20-6

C05-1 C05-2 C05-3 C05-4 C05-5 C05-6 C05-7 C05-8

C06-1 C06-2 C06-3 C06-4 C06-5 C06-6 C06-7

P17-1 P17-2 P17-3 P17-4 P17-5 P17-6 P17-7 P17-8 P17-9 P17-10

name = 101-1
fis = 0.00
111111 0100100001000 111 000010 0101101 000001 11111111 00011 1111 11111 000111 11011100 0010110 0000101001

name = 101-2
fis = 0.00
111111 0001110000010 111 000111 1101111 000011 11111111 10011 1111 11111 100111 11011101 1001111 1100101011

name = 101-3
fis = 0.00
111111 0000100000010 111 000010 0101101 000011 11111111 00011 1111 11111 000101 00011101 0001111 0001100001



name = 101-4
fis = 0.00
111111 0000100000001 111 000010 0100011 000000 11111111 00011 1111 11111 000101 10011111 0000110 0010101001

name = 101-5
fis = 0.00
111111 0000110010001 111 000011 1111101 010010 11111111 10011 1111 11111 000111 11011101 1001111 1100111001

name = 101-7
fis = 0.00
111111 0000110000001 111 000011 1111101 010011 11111111 10011 1111 11111 000111 11011101 1001111 0100101001

name = 101-8
fis=0.00
111111 0000110000001 111 000011 1111101 010000 14111111 10011 1111 11111 000111 11011101 1001111 1100101011

name = 101-9
fis=0.00
111111 0000110010000 111 001111 1111101 010011 11111111 00011 1111 11111 010111 01011101 1011110 1100111001

name = 101-10
fis = 0.00
111111 1000101000000 111 000110 1101101 001001 11111111 00011 1111 14111 000111 11011101 0101111 1110110111

name = 101-11
fis=0.00
111111 0000100000000 111 000010 0000001 000000 11111111 00011 1111 11111 000101 10011101 0000110 0001100111

name = 101-12
fis = 0.00
111111 0100100101000 111 000111 1101101 001001 11111111 00011 1111 11111 000111 11011100 0101110 1100110111

name = 101-13
fis = 0.00
111111 0000100000000 111 000011 1101101 000001 11111111 00011 1111 11111 000111 01011101 0001111 0001110111

name = 101-14



fis = 0.00
111111 0000100000000 111 000011 1101101 000001 11111111 00011 1111 11111 000111 01011101 0001111 1001110101
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RESULTS - FAMILY 101

************************************************************************

* ok hkk ok kkkkkok

* %

il Nei's Analysis of Gene Diversity in Subdivided
Populations **

* [See Nei (1987) Molecular Evclutionary Genetics (p. 187-
192)] *x

Fhk kA A A AR AR AR AAKAE R AR A A IN Rk hhkhk bk Ak bk hhkhkhk kA Ak khkhhkhhhhdhdhkhhkh bk brhhhhhrhhhihrh

* ok ok ok ok ok ok ok okokok

Locus Sample Size Ht Hs Gst Nm*

AO0I-1 13 0.0000 0.0000 ki Hrkx
A01-2 13 0.0000 0.0000 e g
A01-3 13 0.0000 0.0000 el il
AO01-4 13 0.0000 0.0000 *ok kK rEE*
A01-5 13 0.0000 0.0000 *okxk el
A0l1-6 13 0.0000 0.0000 *okkx HH Ak
A02-1 13 0.1420 0.0000 1.0000 0.0000
AQ2-2 13 0.2604 0.0000 1.0000 0.0000
A02-3 13 0.0000 0.0000 *HAKE ol
A02-4 13 0.1420 0.0000 1.0000 0.0000
A02-5 13 0.0000 0.0000 Kok %k *ok ok x
Al2-6 13 0.4734 0.0000 1.0000 0.0000
A02-7 13 0.1420 0.0000 1.0000 0.0000
AO2-8 13 0.1420 0.0000 1.0000 0.0000
A02-9 13 0.2604 0.0000 1.0000 0.0000
A02-10 13 0.2604 0.0000 1.0000 0.0000
A02-11 13 0.0000 0.0000 *HA K el
A02-12 13 0.2604 0.0000 1.0000 0.0000
A02-13 13 0.4260 0.0000 1.0000 0.0000
AD4-1 13 0.0000 0.0000 il el
A04-2 13 0.0000 0.0000 * kA x Ak ok
A04-3 13 0.0000 0.0000 i el
Al6-1 13 0.0000 0.0000 * ok ko * ok k ok
A06-2 13 0.0000 0.0000 e *o ok ok
A06-3 13 0.1420 0.0000 1.0000 0.0000
A06-4 13 0.4260 0.0000 1.0000 0.0000
A06-5 13 0.0000 0.0000 Kok Kok x
AO6-6 13 0.4734 0.0000 1.0000 0.0000
A0S-1 13 0.4260 0.0000 1.0000 0.0000
A09-2 13 0.1420 0.0000 1.0000 0.0000
AOS9-3 13 0.4260 0.0000 1.0000 0.0000
A0S-4 13 0.2604 0.0000 1.0000 0.0000
A0S-5 13 0.2604 0.0000 1.0000 0.0000
A0S-6 13 0.2604 0.0000 1.0000 0.0000
A0S-7 13 0.0000 0.0000 * ok kK Kok ok ok
Al0-1 13 0.0000 0.0000 *ok kK * ok k ok



AlO-2
Al10-3
Al0-4
Al10-5
Al10-6
Al2-1
Al2-2
Al2-3
Al2-4
Al2-5
Al2-6
Al2-7
alz-8
Al3-1
Al3-2
Al3-3
Al3-4
Al3-5
Al7-1
Al7-2
Al7-3
Al7-4
AlS-1
Al9-2
Al19-3
Al9-4
Al9-5
A20-1
RA20-2
A20-3
A20-4
A20-5
A20-6
C05-1
C05-2
C05-3
C05-4
C05-5
C05-6
C05-7
C05-8
Clo6-1
Cc06-2
C06-3
co6-4
C06-5
C06-6
co6-7
P17-1
P17-2
P17-3
P17-4
P17-5
P17-6
pP17-7
P17-8
P17-9

13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13

[eNeoNeoNeNoNoNoRoNeNeNoNolNoNoNeoloNeNoNoNoReNeReReleNoloNeNoNoleoNolNeNeNoNo o NoloNoNoloNoNoNoNelololelNeNoloRo RO Bl e}

.4260
.2604
.0000
.4734
.4260
. 0000
.0000
. 0000
. 0000
.0000
. 0000
. 0000
.0000
.4260
. 0000
.0000
.0000
.0000
.0000
.0000
. 0000
. 0000
. 0000
. 0000
.0000
.0000
. 0000
.1420
.1420
.0000
.0000
.3550
. 0000
.4260
.3550
. 0000
. 0000
.0000
.0000
.1420
.2604
.4734
.2604
.2604
.3550
.0000
.0000
.4734
.4970
.4970
. 2604
.4260
.0000
.4970
.4970
.4734
.4970

[eNeNeNcRoNoloNoNoloNololoNolNoNeNeoNoloNoNeNoNeNolloNoNoleoNeloReNoloNeloNeNoRoloNoloNe oo la oo iioe Rl oo e SIS SR QR

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

L R R R S =

Il = =

e

.0000
.0000

* Kk kK

.0000
.0000

* kKK
* ok kk
* ok ok ok
* kKK
* Kk k
* K Kk k
* k Kk ok

* ok k K

.0000

* kKK
* kK K
* ok k&
* ok kK
* ok kK
)k k ok
* kK Kk
* K Kk k
* Kk kK
* kK ok
* Kk ok *
* * Kk Kk

* Kk ok ok

.0000
.0000

* k ok Kk

* ok KK

.0000

* k ok ok

.0000
.00060

* Kk Kk Kk

* Kk kK

* ok k Kk

* Kk ko

.0000
.0000
.0000
.0000
.0000
.0000

* k kx

* KKK

.0000
.0000
.0000
.0000
.0000

* ok ok ok

.0000
.0000
.0000
.0000

OO OO0 OO

O OO0 0o

o O O o

.0000
.0000

* Kk ok

.0000
.0000

* Kk Kk Kk

* Kk ok ok

kR kok

* Kk k Kk
* Kk ok Kk
* K K Kk
* Kk ok ok

KKk KK

.0000

* Kk ok k
* ke k ok
* ok ok K
* Kk Kk k
* kK
* Kk ok k
* F Kk K
* kK Kk
* Kk ok ok
* ok ok Kk
* * ok Kk
* kK

* kK ok

. 0000
. 0000

* Kk K

* kK Kk

.0000

* * ok K

.0000
. 0000

* Kok K
* kK Kk
* kK Kk

* Kk k ok

.0000
. 0000
. 0000
.0000
. 0000
. 0000

* Kok ok

* Kk ok

. 0000
. 0000
. 0000
. 0000
. 0000

* Kk &

. 0000
.0000
. 0000
. 0000
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P17-10 13 0.0000 0.0000 i * ok Kk
Mean 13 0.1556 0.0000 1.0000 0.0000
St. Dev 0.0356 0.0000

* Nm = estimate of gene flow from Gst or Gcs. E.g., Nm = 0.5(1 -
Gst)/Gst;

See McDermott and McDonald, Ann. Rev. Phytopathol. 31:353-373 (1993).
The number of polymorphic loci is : 44
The percentage of polymorphic loci is : 46.81

************************************************************************
hk ko ok ok k ok ok k ok

* *

i Nei's Original Measures of Genetic Identity and Genetic
distance ol
* % [See Nei (1972) Am. Nat. 106:283-292))]

A A A KA A F A A Ak A A A I A I I IR A A A ARA IR A I A I AR A Ak kAT ARk Ak Ehk ok kkkkhkk ko ko khhkkdhhkx

hk ok kk ok ok ok ok koK

pop ID 1 2 3 4 5 6 7
8 9 10 11 12 13

1 *ok 0.7872 0.8617 0.8617 0.7872 0.8298
0.8085 0.7979 0.7979 0.8511 0.8511 0.8511 0.8511
2 0.2392 Kok 0.8191 0.7553 0.8723 0.8936
0.8936 0.8404 0.8191 0.7447 0.8085 0.8298 0.8298
3 0.1488 0.1995 *xxx 0.8511 0.7979 0.8404
0.7979 0.7872 0.8085 0.8830 0.7766 0.9043 0.9043
4 0.1488 0.2806 0.1613 ok 0.7766 0.7979
0.7979 0.7234 0.7660 0.9043 0.7340 0.7979 0.7979
5 0.2392 0.1366 0.2258 0.2528 Xk 0.9574
0.9574 0.9043 0.7979 0.7447 0.7872 0.8298 0.8511
6 0.1866 0.1125 0.1738 0.2258 0.0435 ok ok
0.9574 0.8830 0.7979 0.7660 0.7872 0.8511 0.8511
7 0.2126 0.1125 0.2258 0.2258 0.0435 0.0435
kK 0.8617 0.8191 0.7872 0.8085 0.8511 0.8511

8 0.2258 0.1738 0.2392 0.3238 0.1006 0.1245
0.1488 ok 0.7872 0.7128 0.7979 0.8191 0.8404
9 0.2258 0.1995 0.2126 0.2666 0.2258 0.2258
0.1995 0.2392 *okk 0.7979 0.9043 0.8830 0.8830
10 0.1613 0.2948 0.1245 0.1006 0.2948 0.2666
0.2392 0.3386 0.2258 ok 0.7872 0.8723 0.8511
11 0.1613 0.2126 0.2528 0.3092 0.2392 0.2392
0.2126 0.2258 0.1006 0.2392 *okkk 0.8723 0.8723
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12 0.1613 0.1866 0.1006 0.2258 0.1866 0.1613
0.1613 0.1995 0.1245 0.1366 0.1366 el 0.9787
13 0.1613 0.1866 0.1006 0.2258 0.1613 0.1613
0.1613 0.1738 0.1245 0

.1613 0.1366 0.0215 wkok ok

Nel's genetic identity {(above diagonal) and genetic distance (below
diagonal) .

AAIIA A A A A A A A A AT A A LA LA AIT AR A A A AR A XA A A A AL TR A A AR A A A A A AR Ak A kA A A Aok ddhkhkh hkhhkkhkhk

* ok ok ok ok ok ok ok ok ok ok

* K
* K

fald Dendrogram Based Nei's (1972) Genetic distance: Method =
UPGMA *x

*x --Modified from NEIGHBOR procedure of PHYLIP Version
3.5 * %

* Kk
* *

R R R R R L R g v R PP A A VUV R VR AR

* Kk ok ok ok ok ok ok Kk ok

Frm e popl
Fommm 9
! ! tomm e pop4
! o 4
! Fom popl0
+----11
! ! Fo e pop3
! ! Fom 6
! ! ! ! +-——-popl2
! ! ! Fo 1
! F-———— 10 +-———popl3
! !
! ! e pop9
-12 Fm 5
! Fo popll
!
! Fr pop2
! !
! +—==7 o popS
! ! ! +--2
! ! Frm 3
pop6
P 8 !
! o pop7
I
+ _________________________________



38

* File Name: dgraml.plt

Between And Length
12 11 1.30480
11 9 2.02879

9 popl 7.75284
9 4 2.720867
4 popé 5.03218
4 popl0 5.03218
11 10 1.55283
10 6 3.1%¢63
6 pop3 5.03218
6 1 3.95687
1 popl2 1.07531
1 popl3 1.07531
10 5 3.19663
5 pop® 5.03218
5 popll 5.03218
12 8 4.23906
8 7 0.82185
7 pop2 6.02552
7 3 3.85127
3 2 0.00000
2 popS 2.17426
2 pop6 2.1742¢6
3 pop7 2.17426
8 pop8 6.84738

Ak Ak hk kA A A A A Ak hk kA A A A KA IAA A KA A A A K AR KA R A IR A AAR R A AR A AR A kA d A A A XTI A A A A hhdA Kk
ok ok ok ok ok ok ok ok koK

* *

el Nei's Unbiased Measures of Genetic Identity and Genetic

distance * K
* K

[See Nei (1978) Genetics 89:583-590]

KA KA AKAKRKIKAKA A AR I AA AR A AIRAKRIAAA A A A AN A AR AR KT IARARAA AR A A A A Ak h A d kA dk bk bk hhhhrArhhhhk
* ok kk ok ok k ok ok kk

pop ID 1 2 3 4 5 0 7
8 9 10 11 12 13
1 KkkK 0.7872 0.8617 0.8617 0.7872 0.8298

0.8085 0.7979 0.7979 0.8511 0.8511 0.8511 0.8511



2 0.2392 KA KK 0.8191 0.7553 0
0.8936 0.8404 0.8191 0.7447 0.8085 0
3 0.1488 0.1995 *H kK 0.8511 0
0.7979 0.7872 0.8085 0.8830 0.7766 0
4 0.1488 0.2806 0.1613 x ok ok ok 0
0.7979 0.7234 0.7660 0.9043 0.7340 0
5 0.2392 0.1366 0.2258 0.2528

0.9574 0.9043 0.7979 0.7447 0.7872 0
3] 0.1866 0.1125 0.1738 0.2258 0
0.9574 0.8830 0.7979% 0.7660 0.7872 0
7 0.2126 0.1125 0.2258 0.2258 0
*okokk 0.8617 0.8191 0.7872 0.8085 0.8
8 0.2258 0.1738 0.2392 0.3238 0
0.1488 *kokk 0.7872 0.7128 0.7979 0
9 0.2258 0.1995 0.2126 0.2666 0
0.1995 0.2392 hilaland 0.7979 0.9043 0
10 0.1613 0.2948 0.1245 0.1006 0
0.2392 0.3386 0.2258 *k Kk k 0.7872 0
11 0.1613 0.2126 0.252 0.3092 0
0.2126 0.2258 0.1006 0.2392 Hokokok 0
12 0.1613 0.1866 0.1006 0.2258 0
0.1613 0.1995 0.1245 0.1366 0.1366

13 0.1613 0.1866 0.1006 0.2258 0
0.1613 0.1738 0.1245 0.1613 0.1366 0

.8723
.8298
L7978
.9043
L7766
L7979

* Aok

.8298
.0435
.8511
.0435
511

.1006
.8191
.2258
.8830
.2948
.8723
.2392
.8723
.1866

* Kk k ok

.1613
.0215

.893¢6
.8298
. 8404
.9043
L7979
.7979
.9574
.8511
* k Kk
0.8511
0.0435
0.8511
.1245
.8404
. 2258
.8830
.2666
.8511
L2392
.8723
.1613
.9787
.1613

* Kk k Kk

OO OO C OOoo

(@]

C O OO0 OO oo o
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Nei's genetic identity (above diagonal) and genetic
diagonal) .

distance (below

E o e i R kR kB L L L R L AU

k& k ok kokok ok kA K

* K

UPGMA *x

3.5 *x

Dendrogram Based Nei's (1978) Genetic distance: Method

--Modified from NEIGHBOR procedure of PHYLIP Version

************************************************************************

kkhkkkkk kK hkKk

- __
Fomm— 9
! ! e
! Fom - 4
! Fo
t-—---11
! ! e



* File Name:

Between
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o 6
! ! +----popl2
! Fom e e 1
--10 +-~——-popl3
!
! to— e pop?d
e 5
o popll
e — pop2
!
+===7 Fomm - popS
! ! +--2
! Fom e 3 - pop6
—————————— 8 !
! to— e pop7
|
e e it bbb pop8
dgram2.plt
And Length
11 1.30480
9 2.02879
pepl 7.75284
4 2.72067
pop4 5.03218
popl0 5.03218
10 1.55283
6 3.19663
pop3 5.03218
1 3.95687
popl2 1.07531
popl3 1.07531
5 3.19663
pop9 5.03218
popll 5.03218
8 4.23906
7 0.82185
popZ2 6.02552
3 3.85127
2 0.00000
pop5 2.17426
popo6 2.1742¢6
pop7 2.17426
pops 6.84738



5. Family 101x77

INPUT FILE

/* Diploid RAPD Data Set */

Number of populations = 6

Number of loci = 94

Locus name :

A01-1 A01-2 AD1-3 A0O1-4 AD1-5 AD1-6

A02-1 A02-2 AD2-3 A02-4 AD2-5 AD2-6 A02-7 A02-8 AD2-9 A02-10 A02-11 A02-12 AD2-13
A04-1 AD4-2 A04-3

A06-1 A0B-2 AD6-3 A06-4 ADB-5 A0B-6

A09-1 AD9-2 A09-3 A09-4 AD9-5 AD9-6 AD9-7

A10-1 A10-2 A10-3 A10-4 A10-5 A10-6

A12-1 A12-2 A12-3 A12-4 A12-5 A12-6 A12-7 A12-8

A13-1 A13-2 A13-3 A134 A13-5

A17-1 A17-2 A17-3 A174

A19-1 A19-2 A19-3 A19-4 A19-5

A20-1 A20-2 A20-3 A204 A20-5 A20-6

C05-1 C05-2 C05-3 C05-4 C05-5 C05-6 C05-7 C05-8

C06-1 C06-2 C06-3 C06-4 C06-5 C06-6 C06-7

P17-1 P17-2 P17-3 P17-4 P17-5 P17-6 P17-7 P17-8 P17-9 P17-10

name = 101x77-2
fis = 0.00
111111 0000100000000 111 000110 0000001 000000 11111111 00011 1111 11111 000101 00011101 0000110 0001100111

name = 101x77-3

fis=0.00
111111 0000100000000 111 000010 0000001 000000 11111111 00011 1111 11111 000111 00011101 0000110 0000100111

name = 101x77-4
fis = 0.00
111111 0000100000100 111 000110 1000101 000010 11111111 00011 1111 11111 000111 10011100 0000111 0000100111



name = 101x77-5
fis=0.00
111111 0000100000100 111 000010 0000001 000000 11111111 00011 1111 11111 000101 10011101 0000110 0000110111

name = 101x77-8
fis = 0.00
111111 0001100000100 111 000110 1111101 001001 11111111 10011 1111 11111 000111 01011101 1001111 1100110111

name = 101x77-1

fis = 0.00
111111 0000100000100 111 000011 0011101 000010 11111111 00001 1111 11111 000101 01011101 1001110 0000100001
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RESULTS - FAMILY 101X77

hhkkhkhkhkhhdhhkkhkhkhkorrhkkhkhrhkkhhhhhhkkhhkhhkkhkhkhh khhdhhhkrkkkkkhdkhhdhkkkkrhkkkkk

* ok ok k kK hk kK Ak Kk

**

* Nei's Analysis of Gene Diversity in Subdivided
Populations **

*x [See Nei (1987) Molecular Evclutionary Genetics (p. 187-
192)1 *x

* *

* K

Ak Ak kA A A A Ak kAR A AR R AA T A A A kA kb A AR AR AR AR TR A R T A AT A I AT AR IR AR AR kb h kb d ok kkk

ok k ok ok kok ok kok ok ok

Locus Sample Size Ht Hs Gst Nm*
A01-1 6 0.0000 0.0000 Hoxk rHEE
AQ01-2 6 0.0000 0.0000 o KHEREK
A01-3 6 0.0000 0.0000 i el
AO01-4 6 0.0000 0.0000 R il
A01-5 6 0.0000 0.0000 Frkx FHEAH
A01-6 6 0.0000 0.0000 * ok kKK
A02-1 6 0.0000 0.0000 e KHE A
A02-2 6 0.0000 0.0000 el il
A02-3 6 0.0000 0.0000 *owkx il
A02-4 © 0.2778 0.0000 1.0000 0.0000
AO02-5 6 0.0000 0.0000 Foxkx i
A02-6 6 0.0000 0.0000 *ok ko *ohxok
A02-7 6 0.0000 0.0000 xxAK *k A x
A02-8 6 0.0000 0.0000 kel Fk KK
A02-9 6 0.0000 0.0000 woxkx i
A02-10 6 0.0000 0.0000 xHKE *E kK
A02-11 6 0.4444 0.0000 1.0000 0.0000
AQ2-12 6 0.0000 0.0000 *ok ko ik
A02-13 6 0.0000 0.0000 xokk & HHEE X
AD4-1 6 0.0000 0.0000 Fok ko Hokok ok
A04-2 6 0.0000 0.0000 Kx kK Fokkx
A04-3 6 0.0000 0.0000 ot Hokok ok
AO06-1 6 0.0000 0.0000 Kok x wokkok
A06-2 6 0.0000 0.0000 rox ko i
AO6-3 6 0.0000 0.0000 L ke
A0D6-4 6 0.5000 0.0000 1.0000 0.0000
A06-5 6 0.0000 0.0000 e il
A06-6 6 0.2778 0.0000 1.0000 0.0000
A09-1 6 0.4444 0.0000 1.0000 0.0000
A09-2 6 0.2778 0.0000 1.0000 0.0000
A09-3 6 0.4444 0.0000 1.0000 0.0000
RA0S-4 6 0.4444 0.0000 1.0000 0.0000
A09-5 6 0.5000 0.0000 1.0000 0.0000
A09-6 6 0.0000 0.0000 * Ak il
A0S-7 © 0.0000 0.0000 wok Kk Fok ok K
Al10-1 © 0.0000 0.0000 *k ko rkok ok



Al10-2
Al10-3
Al0-4
Al10-5
Al0-~-6
Al2-1
Al2-2
Al2-3
Al2-4
Al2-5
Al2-6
Al2-7
Al2-8
Al3-1
Al3-2
Al3-3
Al3-4
Al3-5
Al7-1
Al7-2
Al7-3
Al7-4
AlS-1
AlS9-2
Al19-3
Al9-4
Al19-5
A20-1
A20-2
A20-3
A20-4
A20-5
A20-6
C05-1
C05-2
C05-3
C05-4
C05-5
C05-6
Cc05-7
Cc05-8
coe6-1
c06-2
Cc06-3
CQO6-4
C06-5
C06-6
coe-7
P17-1
P17-2
P17-3
P17-4
P17-5
P17-6
P17-7
P17-8
P17-9

AN AN NN ANNAAAANAANANNANONANRNRON NN NNNONNNND

[cNoNeoNeolNeoNeoNoNoNoNoNoRoReNoNoReRoReReReReRe Reo ReRe N RoNeNolloNoNoNoleNoNeoloNeNeoecNoleNoNoNoloNoleNeloNolooalope el

.0000
.2778
.0000
.4444
.2778
. 0000
. 0000
.0000
. 0000
.0000
.0000
.0000
.0000
.2778
. 0000
.0000
.2778
. 0000
.0000
. 0000
.0000
. 0000
. 0000
.0000
.0000
. 0000
.0000
.0000
.0000
.0000
.0000
.5000
.0000
.4444
.4444
.0000
.0000
. 0000
.0000
.0000
.2778
.4444
.0000
.0000
.4444
.0000
.0000
.4444
.2778
.2778
. 0000
.2778
. 0000
.4444
.0000
.2778
L2778

el eRoNeoNesNoNoNoNoNeReRoReRoNoleReoReReReoReReReRe ReReRe RsNe e NoNoNoNoNoNoNoNoNoNeloNoNoNeNoNololNe ol ol oloiloRole S e

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
. 0000
.0000
.0000
.0000
. 0000
.0000
.0000
.000a
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

* &k Kk

.0000

* kK Kk

.0000
.0000

* kK K
* Kk kk
* ok k ok
* ok ok ok
* &k Kk
* k kK
* k Kk Kk

* ok ok ok

.0000

* Kk Kk

* kK Kk

.0000

* ok ok ok
* Kk Kk k
* ok Kk
K koK K
* Kk k&
* ok kK
* kK Kk
Kok ok ok
* ok kK
* Kk k&
* ok kK
* ok kk
* kK Kk

* ok kx

.0000

* ok ok *k

.0000
.0000

* Kk ok k
* Kk kK
* ok ok k
* k ok ok

*x ok ok

.0000
.0000

* k kK

* Kk ok ok

.0000

* Kk ok *

* %k Kk ok

.0000
.0000
.0000

* %k Kk Kk

.0000

* ok k&

.0000

* Kk kK

.0000
.0000

* kK k

.0000

* Kk Kk

. 0000
.0000

* Kk ok
* Kk kK
* Kk Kk ok
* Kk kK
* Kk kK
koK kK
* Kk ok Kk

* k kK

.0000

* k k Kk

)k * Kk

. 0000

* %k k Kk
* % Kk ok
* ok kK
* Kk ok ok
* Kk k*
* kK &k
* ok k k
* K kK
* Kk kK
* ok k K
* Kk ok Kk
* k k&
* Kk k

* Kk kK

. 0000

* Kk k&

. 0000
.0000

* kK Kk
* K k&
* K kK
Kok ok ok

* Kk ok ok

. 0000
.0000

* K Kk K

* Kk kK

. 0000

* Kk ok

* ok kK

.0000
. 0000
.0000

* Kk %k Kk

. 0000

* Kk Kk Kk

. 0000

* Kk kA

.0000
. 0000

45
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pP17-10 6 0.0000 0.0000 KA KK *okok ok
Mean ) 0.1064 0.0000 1.0000 0.0000
3t. Dev 0.0308 0.0000

* Nm = estimate of gene flow from Gst or Gecs. E.g., Nm = 0.5(1 -
Gst)/Gst;

See McDermott and McDonald, Ann. Rev. Phytopathol. 31:353-373 (1993).
The number of polymorphic loci is : 27
The percentage of polymorphic loci is : 28.72

kA AR A KA A A AIAAR KA A A A A kAT Ak h A A AR A XA A Ak kb hkhkdhkhk kR AR ATk kkkkkkkk &k dokkkkhokkki

* ok ke ok ok ok ok k ok ke ke k

* K
* K
*k Nei's Original Measures of Genetic Identity and Genetic
distance *
*x [See Nei (1972) Am. Nat. 106:283-292)]
* ok
* %
* K

AR A A A A A AR AR A KA A AR KR A AR AR A AR AR KR A R I I AR A A A A A A kA A A ARk kAR Ak Ak hkhkhkhhkk ko hokhhsk

*k ok kok ok koA ok ok ok ok

pop ID 1 2 3 4 5 o

1 Kok X 0.9681 0.9043 0.9468 0.7979 0.8511
2 0.0324 wE KK 0.9149 0.9574 0.8085 0.8617
3 0.1006 0.0889 i 0.9149 0.8298 0.8404
4 0.0547 0.0435 0.0889 *kkk 0.8085 0.8617
5 0.2258 0.2126 0.1866 0.2126 KK Ax 0.8191
6 0.1613 0.1488 0.1738 0.1488 0.1995 HR A K

Nel's genetic identity (above diagonal) and genetic distance (below
diagonal) .

Ak hhhhrhkhkdkdbhbdhdhhhhkdhhhk A dhhhAhArhdAdhhh kA hh b bk bk hhk kA bk hk kb hhdhhhhkkdhkkkhk khk &k hd

*kok ok ok ok ok ok ok kR ok

* *
* K

ol Dendrogram Based Nel's (1972) Genetic distance: Method =
UPGMA el

*x -—Modified from NEIGHBOR procedure of PHYLIP Version
3.5 *

* *
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***********************************************************************

* ok ok hok ok ok ok ok ok ok ok

Fm— popl
+---1
Fomm 2 to————— popZ
! !
Fomm e 3 Fom s pop4
t !
- 4 et e e pop3
! !
-=5 T popé
!
i ki popS

Between And Length
5 ! 2.45997
4 3 3.26777
3 2 2.18872
2 1 0.83182
1 popl 1.62176
1 pop2 1.62176
2 pop4 2.45359
3 pop3 4.64231
4 pop6 7.91008
5 pop5 10.37005

hKhkhkhkhk Ak A hk A A Ak A A A Ak A AR TR A Ak A ARk A IA A A A A A Ak kA A A A Ak hk bk hk kA vk hhkhhkhhkhkhhhkhhhhkk k4K
*k ok ok ok ok ok ok ok ok ok ok
**

*x Nei's Unbiased Measures of Genetic Identity and Genetic

distance **
* *

[See Nei (1978) Genetics 89:583-590]

AR R AR AR RS SRS ES S SR ERE ISR E R S RS SRS EREES R A SRS SRR R EE R e R R
F Ak Kok ok ok ok k ke ke
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1 wok Kok 0.9681 0.9043 0.9468 0.7979 0.8511
2 0.0324 *okkx 0.9149 0.9574 0.8085 0.8617
3 0.1006 0.0889 HH KK 0.9149 0.8298 0.8404
4 0.0547 0.0435 0.0889 xh KK 0.8085 0.8617
5 0.2258 0.2126 0.1866 0.2126 ok 0.8191
6 0.1613 0.1488 0.1738 0.1488 0.13995 x ok kK
Nei's genetic identity (above diagonal) and genetic distance (below

diagonal) .

AAKKKKAAAAAA KA AAAAARAAAAAA KR AA A AR AAAARAA AN AR R A AR A A A A A A A AR A kA kA A A dhhhddhdkdkk

* ok kk ok ok ok ok Kok ok ok
* *

* %
* K

UPGMA

* %

* %x

Dendrogram Based Nei's (1978) Genetic distance:

* &

-—-Modified from NEIGHBOR procedure of PHYLIP Version

* K

Method

AR A EEEE RS EEEEEEEEEEEEREEE SRR R R R R R R R I R T g G S R A S R 3

kok kK k ok ok k ok k ok ok

o popl
+---1
tom e 2 Fmm e pop2
! !
e 3 tom pop4
! !
tom e 4 Frm pop3
! !
-=5 F T e popé
!
- popS
* File Name: dgram2.plt
Between And Length
5 4 2.45997
4 3 3.26777
3 2 2.18872
2 1 0.83182
1 popl 1.62176
1 pop2 1.62176
2 pop4 2.45359
3 pop3 4.64231
4 pop6 7.91008
5 popS 10.37005



APPENDIX C

ARLEQUIN INPUT FILE

# Programme to assess population differentiation between 4 black wattle families

[Profile]

Title="Computation of an AMOVA of 4 black wattel families”
#This project contains a sample of 4 famlies:

NbSamples=4

#Haplotypic Data:

GenotypicData=0

#Each character is an Allele:

LocusSeparator=NONE

#No explicit haplotype constitution is given for the individuals
DataType=RFLP

#We need to compute the distance matrix

MissingData ='?'

CompDistMatrix=1

[Data]
[[HaplotypeDefinition]]
HaplListName="RAPD data of four families”
HaplList= {
1 1111110110100100000111111010111110110101111111111000111111111110001111011110001111101000101111

2 1111110000100000000111000010111110110100011111111000111111111110011110001110100111101100101111
3 1111110000100000100111000010001011110101111111111000111111111110001111101110100111110100101111



1111110000100000100111000010111111110101011111111000111111111110001110001110000111110100101101

1111110000100000000111000010111110100000011111111000111111111110111111001110110111111100101101

1111110000100000100111010010111110100001111111111000111111111110001110101110110111101100100001

1111110000100000000111000010111100100001111111111000111111111110001110101110100111110001101101

1111110000100000100111000010010000100000111111111000111111111110001011001111000001100010100101

1111110000100000100111000010010000100101111111111000111111111110001011001111000001100010100101

10 1111110100100011000111001110111110100010111111111001111111111110001111001110000111111100100111
11 1111110000100000100111000010111100101000011111111001111111111110001110001111100111101100101111
12 1111110000100000000111000010111110100001111111111001111111111110001110001110100111111100101011
13 1111110000110000010111000010111111100001111111111100111111111110001111101110100011101100101001
14 1111110000110010000111000010010110101000011111111000111111111110001111101110000011100100111011
15 1111110000110000010111000010111110100010111111111110111111111110001111001110110011111100100001
16 1111111000110010010111000111111110101001111111111100111111111110001111101110110011101100101011
17 1111110100100001000111000010010110100000111111111000111111111110001111101110000101100000101001
18 1111110001110000010111000111110111100001111111111100111111111111001111101110110011111100101011
19 1111110000100000010111000010010110100001111111111000111111111110001010001110100011110001100001
20 1111110000100000001111000010010001100000011111111000111111111110001011001111100001100010101001
21 1111110000110010001111000011111110101001011111111100111111111110001111101110110011111100111001
22 1111110000110000001111000011111110101001111111111100111111111110001111101110110011110100101001
23 1111110000110000001111000011111110101000011111111100111111111110001111101110110011111100101011
24 1111110000110010000111001111111110101001111111111000111111111110101110101110110111101100111001
251111111000101000000111000110110110100100111111111000111111111110001111101110101011111110110111
26 1111110000100000000111000010000000100000011111111000111111111110001011001110100001 100001100111
27 1111110100100101000111000111110110100100111111111000111111111110001111101110001011101100110111
28 1111110000100000000111000011110110100000111111111000111111111110001110101110100011110001110111
29 1111110000100000000111000011110110100000111111111000111111111110001110101110100011111001110101
30 1111110000100000000111000110000000100000011111111000111111111110001010001110100001100001100111
31 1111110000100000000111000010000000100000011111111000111111111110001110001110100001100000100111
32 1111110000100000100111000110100010100001011111111000111111111110001111001110000001110000100111
33 1111110000100000100111000010000000100000011111111000111111111110001011001110100001100000110111
34 1111110001100000100111000110111110100100111111111100111111111110001110101110110011111100110111
35 1111110000100000100111000011001110100001011111111000011111111110001010101110110011100000100001

}

©O©oO~NO O

[[Samples]]

SampleName= "Family 18"



Sar’hpleSize=5
sampleData= {
1

N WN -
A Ao

}

SampleName= "Family 99"
SampleSize=11
SampleData= {
6 1
7 1
8 1
9 1
10
11
12
13
14
15
16

—_ A A e -

}

SampleName= "Family 101"
SampleSize=13
SampleData= {
17 1
18 1
19 1
20
21
22
23
24
25

B N . S G G §



26
27
28
29

—_ A

}

SampleName= "Family 101 x 77"
SampleSize=6
SampleData= {
30 1
31 1
32 1
33 1
34 1
35 1

}

[[Structure]]
StructureName= "A single group of 4 samples”
NbGroups = 1
Group= {
"Family 18"
"Family 99"
"Family 101"
"Family 101 x 77"



ARLEQUIN RESULTS

Project information:

NbSamples =
DataType = RFLP
GenotypicData = 0

Deletion Weight =1
Transition Weight Weight =1
Tranversion Weight Weight =1
Epsilon Value = 1e-07

Significant digits for output =5
Use original haplotype definition
Alllowed level of missing data = 0.05

Active Tasks:

Molecular Distance :Pairwise difference
GammaA Value =0
Theta estimators

Analysis of Molecular Variance:

No. of Permutations = 1000

Population pairwise Fst values:

Compute pairwise differences
No. of permutations for significance = 100
No. of permutations for Mantel test = 1000

Distance matrix:
Compute distance matrix
Molecular distance : Pairwise difference
Gamma a value =0

Exact test of population differentiation:

No. of steps in Markov chain = 10000
No. of Dememorisation Steps = 1000



Required precision on Probability = 0
Print Histogram and table : Yes

Significance level

= 0.05
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Number of usable loci for distance computation : 94
Allowed level of missing data

List of usable loci :

1
16
31
46
61
76
91

2

17
32
47
62
77
92

3
18
33
48
63
78
93

4

19
34
49
64
79
94

5

20
35
50
65
80

21
36
51
66
81

8

22
37
52
67
82

9

23
38
53
68
83

List of loci with too much missing data :

NONE

Genetic structure to test :

No. of Groups = 1

[[Structure]]

StructureName = "A single group of 4 samples”

NbGroups = 1
IndividualLevel = 0
DistMatLabel = """

Group={

: 0.05

10
24
39
54
69
84

11
25
40
55
70
85

12
26
41
56
71
86

13
27
42
57
72
87

14
28
43
58
73
88

15
29
44
59

89

30
45
60
75
90



"Family 18"
"Family 99"
"Family 101"
"Family 101 x 77"

}

Distance method: Pairwise difference

AMOQVA design and results :

Reference: Weir, B.S. and Cockerfiam, C.C. 1984.
Excoffier, L., Smouse, P., and Quattro, J. 1992.
Weir, B. S., 1996.

Source of Sumof  Variance Percentage
variation  d.f. squares  components of variation
Among

populations 3 47.469 1.01681 Va 12.14
Within

populations 31 228.131 7.35908 Vb 87.86
Total 34 275.600 8.37589

Fixation Index FST : 0.12140

Significance tests (1023 permutations)

Va and FST : P(rand. value > obs. value) = 0.00098
P(rand. value = obs. value) = 0.00000
P(rand. value >= obs. value) = 0.00098+-0.00098

Histogram of variance components null distributions

Va
-0.40027 12
-0.31349 49
-0.22670 127
-0.13992 160
-0.05313 175
0.03365 140

0.12043 132
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0.20722 88
0.29400 52
0.38078 41
0.46757 30
0.55435 8
0.64114 4
0.72792 1
0.81470 0
0.90149 2
0.98827 1
1.07505 0
1.16184 1
1.24862 0

Observed values:

List of labels for population samples used below:

Label Population name
1 Family 18
2: Family 99
3: Family 101
4: Family 101 x 77

Population pairwise FSTs

Distance method: Pairwise difference
1 2 3 4
0.00000
0.10436 0.00000
0.18803 0.01796 0.00000
0.29945 0.15654 0.14442 0.00000

HWN —=

Number of permutations : 110



1 2 3 4
1 %
2 0.04505+-0.0152 *
3 0.00000+-0.0000 0.14414+-0.0364 *
4 0.02703+-0.0139 0.00000+-0.0000 0.05405+-0.0201 *

Matrix of significant Fst P values
Significance Level=0.0500

Number of permutations : 110

1 2 3 4

1 + + +
2 + - +
3 + - -
4 + + -

Population average pairwise differences

Above diagonal : Average number of pairwise differences between populations (PiXY)
Diagonal elements : Average number of pairwise differences within population (PiX)
Below diagonal : Corrected average pairwise difference (PiXY-(PiX+PiY)/2)

Distance method: Pairwise difference

1 2 3 4
12.80000 16.01818 18.01538 17.66667
1.87273 15.49091 15.95804 16.54545
3.69231 0.28951 15.84615 16.58974
5.26667 2.80000 2.66667 12.00000

HW N~

2 0.00000
3 0.00000 0.00000
4 0.00000 0.00000 0.00000
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1 2 3

2 0.00000
3 0.00000  0.00000
4  0.00000 0.00000  0.00000

Reference: Raymond M. and F. Rousset. 1995 .
Goudet, J., M. Raymond, T. de Meedis and F. Rousset, 1996.

List of labels for population samples used below:

Label Population name

1 Family 18

2 Family 99

3 Family 101

4 Family 101 x 77

Global test of differentiation among sample:

Non-differentiation: Exact P value = 1.00000 +- 0.00000 (6000 Markov steps done)

Differentiation test between all pairs of samples:

Markov chain length : 10000 steps)
Non-differentiation exact P values :
1 2 3
2 1.00000+-0.0000

3 1.00000+-0.0000 1.00000+-0.0000
4 1.00000+-0.0000 1.00000+-0.0000 1.00000+-0.0000

Table of significant differences (significance level=0.0500):




DWW
1
]
]

Reference: Nej M., 1987.

No. of gene copies :5

No. haplotypes 15

No. of loci 194

No. of usable loci : 94 loci with less than 5.00 % missing data
No. of polymorphic sites : 27

Gene diversity : 1.0000 +/- 0.1265

(Standard deviation is for the sampling process)

Reference: 7ajima, F., 1983.
Tajima, F. 1993.
Nei, M., 1987.
zouros, E., 1979.
Ewens, W.J. 1972,
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Sample size : 5.0000
No. of haplotypes )

Allowed level of missing data : 5.0000 %
Number of observed indels :0
Number of polymorphic sites : 27
Number of usable nucleotide sites 194

Distance method : Pairwise difference
Mean number of pairwise differences : 12800000 +/- 6.974238

Average gene diversity over loci : 0.136170 +/- 0.086736
(Standard deviations are for both sampling and stochastic processes)

Unable to compute theta(Hom) and theta(k) when all gene copies are different

Reference: Nej M., 1987.

No. of gene copies 11

No. haplotypes 11

No. of loci 194

No. of usable loci : 94 loci with less than 5.00 % missing data
No. of polymorphic sites : 41

Gene diversity : 1.0000 +/- 0.0388

(Standard deviation is for the sampling process)

Reference: Tajima, F., 1983.

Tajima, F. 1993.

Nej M., 1987.

Zouros, E., 1979.

Ewens, W.J, 1972.
Sample size : 11.0000
No. of haplotypes (11

Allowed level of missing data : 5.0000 %
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Number of observed indels :0
Number of polymorphic sites 141
Number of usable nucleotide sites : 94

Distance method : Pairwise difference
Mean number of pairwise differences : 15.490909 +/- 7.502689

Average gene diversity over loci . 0.164797 +/-  0.090044
(Standard deviations are for both sampling and stochastic processes)

Unable to compute theta(Hom) and theta(k) when all gene copies are different

Reference: Nej M., 1987.

No. of gene copies 113

No. haplotypes 113

No. of loci 194

No. of usable ioci : 94 loci with less than 5.00 % missing data
No. of polymorphic sites : 44

Gene diversity : 1.0000 +/- 0.0302

(Standard deviation is for the sampling process)

Reference: Tajima, F., 1983.
Tajima, F. 1993.
Nej M., 1987.
Zouros, E., 1979.
Ewens, W.J, 1972,

Sample size 1 13.0000
No. of haplotypes 113
Allowed level of missing data : 5.0000 %

Number of observed indels :0
Number of polymorphic sites 144
9

Number of usable nucleotide sites 4
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Distance method : Pairwise difference
Mean number of pairwise differences : 15.846154 +/- 7.566288

Average gene diversity over loci :  0.168576 +/-  0.090479
(Standard deviations are for both sampling and stochastic processes)

Unable to compute theta(Hom) and theta(k) when ail gene copies are different

Reference: Nej M., 198/.

No. of gene copies 16

No. haplotypes 16

No. of loci 194

No. of usable loci : 94 loci with less than 5.00 % missing data
No. of polymorphic sites : 27

Gene diversity : 1.0000 +/- 0.0962

(Standard deviation is for the sampling process)

Reference: 7ajima, F., 1983.
Tajima, F. 1993,
Nej M., 1987.
Zouros, E.,, 1979.
Ewens, W.J. 1972,
Sample size : 6.0000

No. of haplotypes 16

Allowed level of missing data : 5.0000 %
Number of observed indels : 0
Number of polymorphic sites 127
Number of usable nucleotide sites 194

Distance method : Pairwise difference
Mean number of pairwise differences : 12.000000 +/- 6.340347



Average gene diversity over loci : 0.127660 +/- 0.077885

(Standard deviations are for both sampling and stochastic processes)
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