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PREFACE 

It is important to adequately differentiate between closely related Prunus (stone fruit) 

varieties.  The ability to discriminate between fruit varieties will improve the regulation 

of the horticultural trade.  Once reproducible techniques are established, these can be 

subsequently used with commercial samples and practical forensic application.  

The aim of this study was to determine whether microsatellite profiling of fruit parts 

(exocarp, mesocarp and endocarp) can be used to determine the source of fruit.  Many 

commercial varieties of stone fruit can only be reliably fertilised by pollen from a 

pollinator plant.  Pollinators used differ from area to area.  Since the DNA profile of a 

pollinator is unique, it may be possible to use this unique pattern as a marker to denote 

the growing area from which fruits are derived. 

 Firstly, it was important to show that DNA could be extracted and amplified from fruits 

that are sold commercially. This quality of fruit of commercial markets can be highly 

variable.  Over ripe fruit or those stored over long periods could contain nucleases 

resulting in highly degraded DNA.  Consequently, this would hinder the use of DNA 

profiling.  

The outcomes of this research are presented in five chapters throughout this thesis.  The 

first chapter, introduction, discusses the Prunus genus, trade value of stone fruits in 

Australian markets and process of reproduction.  This section also discusses common 

DNA fingerprinting methods and their applications.  The underlying principles of the 

use of DNA profile to identify the pollinator and hence the source of fruit is also 

described in this chapter. 
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Chapter Two describes the different DNA extraction methods of various Prunus 

varieties.  The information on different microsatellites selected for this research is also 

given in this section. 

Chapter Three forms an integral part of the thesis.  This is the results and discussion 

section.  This chapter discusses the different DNA extraction methods with respect to 

the DNA yield and quality.  The comparison indicates the successful application of the 

CTAB extraction method for DNA from the Prunus fruits.  This chapter also describes 

the DNA profiling of various stone fruit varieties using six microsatellite markers.  The 

microsatellites explain the relationships between the exocarp, mesocarp and endocarp of 

varieties with the help of Genescan.  The Genescan results highlight the possibility to 

track the DNA profile of pollen (father) and flower (mother).         

Following the results and discussion, the next chapter contains a general conclusion 

outlining the findings of this study.  The bibliography available after the conclusion 

section comprises all the references used within this thesis.  

Chapter Five is presented as a manuscript that was submitted to the Journal of Acta 

Horticulturae.  The manuscript was prepared in collaboration with researchers within 

the group (Cheryl Chan and Stephen Iaschi) and with advice from the project 

supervisors Ian Dadour and Guan Tay.  The aim here was to compare the morphological 

features of Nadia™ with its parents (Black amber X Supreme cherry) to help its 

authentication. This study also outlines the phenotypic characters of other Prunus 

varieties. 

 Appendix A is presented at the end of the thesis and contains the definitions, 

abbreviations, scientific names and the recipes for solutions used during the 

experiments.  A representative gel picture of all the profiles obtained after PCR 

amplification is also present in Appendix A.  The solutions were used for the DNA 
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extraction, Polymerase Chain Reaction and gel electrophoresis performed in the 

laboratory as a part of this research.  

All laboratory work completed for this thesis was performed by me.  I collected the 

samples and ensured that no cross contamination between samples would occur.  I 

extracted the DNA from all samples according to the prescribed protocols.  The primers 

used for study were selected from my consideration of the relevant literature and 

genomic databases.  I performed all PCR experiments and electrophoresis examination.  

The final PCR products were analysed at the Lottery West State Biomedical Facility 

(LSBFG), Royal Perth Hospital (RPH). 

 

 

 

 

 

 

 

 

 

 

 

 



vi 
 

TABLE OF CONTENTS 

ACKNOWLEDGEMENTS         ii 

PREFACE           iii 

TABLE OF CONTENTS         vi 

ABSTRACT          xiv 

CHAPTER ONE: LITERATURE REVIEW 

    1.1 Overview              2 

    1.2 The Australian Horticulture Industry          4 

    1.3 Stone fruit market in the Australian Horticulture Industry      6 

    1.4 Major cultivation areas of stone fruit varieties in Australia                            9      

    1.5 Soil and climatic conditions required for stone fruits in Australia                  12 

    1.6 Reproduction in Prunus varieties        12 

 1.6.1 Structure of a flower         13 

 1.6.2 Parts of the fruit and seed       16 

1.6.3 Life cycle of Angiosperms        19 

    1.7 Pollination           25 

1.7.1 Self pollination    26 

1.7.2 Cross pollination     28 

 1.7.3 Pollination in stone fruit varieties       31 



vii 
 

 1.7.4 Reasons for pollination failures      32 

 1.7.5 Significance of pollen        34 

    1.8 DNA Fingerprinting in plant sciences      34 

1.8.1 Structure of DNA         35 

1.8.2 Polymerase Chain Reaction (PCR)       38 

1.8.3 Specific applications of DNA of DNA based analysis in plants  40 

    1.9 Authentication          43 

 1.9.1. Morphological authentication        44 

 1.9.2 Biochemical authentication        44 

 1.9.3 Molecular Analysis         45 

    1.10  Plant Variety Rights (PVR) or Plant breeders’ Rights (PBR)    45 

    1.11  DNA Fingerprinting Techniques       47

 1.11.1 Random Amplified Polymorphic DNA (RAPD)    48 

1.11.2 Restriction Fragment Length Polymorphism (RFLP)   49 

1.11.3 Amplified Restriction Fragment Length Polymorphism (AFLP)  50 

1.11.4 Microsatellites         51 

1.11.5 Inter Simple Sequence Repeat (ISSR)     52 

    1.12  Aims of the study          55 

 

 



viii 
 

CHAPTER TWO: MATERIALS AND METHODS 

    2.1 Plant material          60     

    2.2 Sample preparation           60 

    2.3 DNA extraction methods    62 

 2.3.1 CTAB extraction     62 

 2.3.2 Phenol-Chloroform extraction      63 

2.3.3 CTAB and Phenol-Chloroform extraction     63 

2.3.4 Commercial kit: Plant DNAzol® reagent by Invitrogen   63 

    2.4 Quantitation of DNA         64 

    2.5 Primers          64 

    2.6 Polymerase Chain Reaction (PCR) by using Microsatellites    65 

    2.7 Genescan of PCR products to determine the allele size    67 

CHAPTER THREE:       RESULTS AND DISCUSSION 

    3.1 Comparison of DNA extraction methods      69 

 3.1.1 CTAB extraction         69 

 3.1.2 Phenol-Chloroform extraction      72 

 3.1.3 CTAB and Phenol-Chloroform extraction      72 

 3.1.4 Commercial kit: Plant DNAzol® reagent by Invitrogen   73 

    3.2 Comparison of Genescan results       75 



ix 
 

 3.2.1 Genescan results obtained by using microsatellite Pchgms 12   79 

 3.2.1a Presence of an artefact peak in the endocarp samples   81 

 3.2.2 Genescan results obtained by using microsatellite Pchgms 20 F2    84 

 3.2.3 Genescan results obtained by using microsatellite Pchgms 20 F1    86 

 3.2.4 Genescan results obtained by using microsatellite BPPCT 026    89 

 3.2.5 Genescan results obtained by using microsatellite UDP96-003    91 

 3.2.6 Genescan results obtained by using microsatellite UDP96-015   93 

    3.3 Reasons for occurrence of homozygous allele and stutter peak in the  

samples            95 

 

CHAPTER FOUR:     CONCLUSION                   99 

REFERENCES         102 

CHAPTER FIVE: Taxonomic Classification of Nadia™ by study of  

            Morphological Characteristics    112 

APPENDIX A           129 

 

 

 

 

 

 



x 
 

List of Figures 

Figure 1.1  Condensed Rosaceae family tree showing relationship between fruit crops. 

Figure 1.2 Major cultivation areas of stone fruits in Australia. 

Figure 1.3 Different parts of a flower. 

Figure 1.4.1 Different layers observed in a fruit. 

Figure 1.4.2 Picture of whole Prunus seed and an internal view of the seed. 

Figure 1.5 Path of pollen migration for fertilisation and development of an embryo. 

Figure 1.6 Life cycle of the Prunus varieties (flowering plants or Angiosperms). 

Figure 1.7 Self-pollination in a flower. 

Figure 1.8 Cross-pollination in a flower by means of a bee as a pollinating agent.  

Figure 1.9 Double stranded structure of DNA. 

Figure 1.10 Polymerase Chain Reaction (PCR) steps. 

Figure 3.1.1 Genescan profiles of the Ryan sun peach by microsatellite Pchgms 12. 

Figure 3.1.2 Presence of an artefact peak in samples amplified by microsatellite 

Pchgms 12. 

Figure 3.2  Genescan profiles of the Golden queen peach by microsatellite Pchgms 

P 20 F2. 

Figure 3.3 Genescan profiles of the Snow white nectarine by microsatellite Pchgms 

P 20 F1. 



xi 
 

Figure 3.4 Genescan profiles of the Sapa tropical white peach by microsatellite 

BPPCT 026. 

Figure 3.5 Genescan profiles of the Zee sweet white nectarine by microsatellite 

UDP96-003. 

Figure 3.6 Genescan profiles of the Grand peal nectarine by microsatellite UDP96-

015.  

Figure 3.7 Illustration of inheritance of homozygous allele and occurrence of stutter 

peak. 

Figure 5.1 Sketch and picture of Nadia™ leaf. 

Figure 5.2 Image of Nadia™ fruit. 

Figure 5.3 Images of whole seed and embryo of Nadia™ fruit. 

 

 

 

 

 

 

 

 

 



xii 
 

List of Tables 

Table 1.1 The gross value of production of major individual fruit type in 2006-

2007. 

Table 1.2 Production statistics of stone fruits cultivated in Australia during the 

period 2002-2008. 

Table 1.3 Change in trend seen in the Australian Horticulture exports from 2003 to 

2007. 

Table 1.4 The different varieties of stone fruits sold in Australia. 

Table 1.5 Determination of efficacy of honey bees as pollinators in stone fruit 

crops. 

Table 1.6 Comparison of DNA fingerprinting markers in plants. 

Table 2.1 Fruit varieties studied using microsatellites. 

Table 2.2 Microsatellite primer sequence information. 

Table 3.1 Comparison of DNA yield (ng/µl) obtained from four extraction 

methods. 

Table 3.2 Comparison of DNA quality (A260/A280) obtained from four DNA 

extraction methods. 

Table 3.3 DNA extraction performed to check the reproducibility in terms of DNA 

yield (ng/µl) and quality (A260/A280) for CTAB extraction.  

Table 3.4.1 Genescan results for all peach varieties.  

Table 3.4.2 Genescan results for all nectarine varieties. 



xiii 
 

Table 5.1 Phenotypic characters of stone fruit varieties. 

Table 5.2 Floral morphology characteristics of stone fruit plant species. 

Table 5.3 Fruit morphology characteristics of stone fruit varieties. 

Table 5.4 Comparison of morphological characteristics between Nadia™, Black 

Amber plum and Supreme cherry. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xiv 
 

ABSTRACT 

The Prunus genus is important because of its high nutritional and culinary attributes.  

The fruits belonging to this genus are commonly known as stone fruits or drupes.  The 

cultivation of stone fruits has driven regional economies.  Even though the stone fruits 

rank third as an economically significant produce, the trade remains principally 

unconstrained.  Deceitful practices by vendors to boost their turnover such as 

substituting and adulterating high quality fruits with cheaper varieties goes unchecked.  

Consumers’ rights are violated as they are cheated by unscrupulous vendors who sell 

bad quality fruits for the price of good ones.  Furthermore, the orchardist who 

developed the fruit is not rewarded for efforts as royalties are not paid.  Hence to avoid 

commercial exploitation and to protect plant breeders’ rights, it has become vital to 

authenticate fruit varieties in order to minimise the incidence of illegal activity. 

The traditional techniques used for the identification of the genus Prunus are based on 

morphological, physiological and chemical characteristics of the fruits.  However, these 

techniques have limitations.  For example, multiple names for the same fruit variety can 

be assigned and ambiguous inputs in breeding programs have resulted in 

misinterpretation of descriptive terms used. Further, physical traits are dependent on 

environmental factors and thus will vary between different orchards.  Consequently, 

other techniques for complete authentication of the fruits and other plant tissues are 

required.  DNA profiling provides a technique suitable for analysing various fruit 

varieties, since the DNA within different fruits of the same variety does not change. 

Commercially sold stone fruit varieties are either of low quality or processed in a way 

that may lead to degraded DNA in an analytical sample, thus making extraction and 

amplification difficult.  In this project, the CTAB (Cetyl tri methyl ammonium bromide) 

method, together with three other nucleic acid extraction techniques, were used to 
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extract DNA from different parts of fruits and seeds of the Prunus genus.  The purpose 

of using different techniques was to determine the reproducibility and quality of the 

results obtained.  The DNA extracted by the CTAB method was successfully amplified 

using primers selected for this project.  The primers used in this study generated 

adequate bands to differentiate among closely related varieties.   

The outcome of this study indicates both that the microsatellite technique provides a 

comparatively rigorous way of examination and also that assays can be fully 

programmed for high throughput analysis.  With the help of this technique it is possible 

to distinguish closely associated Prunus varieties from one another.  Six microsatellites 

(Pchgms 12, Pchgms 20 F1, Pchgms 20 F2, BPPCT 026, UDP 96-003 and UDP 96-015) 

were used in this research.  The Pchgms series of microsatellites enabled to study the 

level of polymorphism in stone fruit varieties.  The Genescan results of the exocarp, 

mesocarp and endocarp of all fruit varieties, generated after amplification were 

compared.  The aim of this comparison was to show that the DNA profiles of the 

mesocarp and exocarp were similar to each other, as these tissues in principle inherit 

alleles from the maternal parent (flower).  The mesocarp and exocarp DNA profiles 

were observed to be different to the DNA profile of the endocarp in every variety.  The 

DNA profile of the endocarp is presumed to be a result of the contribution of hereditary 

material from both the parents.  By studying the profile of the endocarp, it is possible to 

determine the paternal allele (which comes from pollen) and hence can identify the 

place of origin.  The information on pollen origin is vital as it provides a probable 

location which could be useful in forensic investigations and also used to stop any kind 

of illegal plantings. 
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1.1 Overview 

Stone fruits, members of the Rosaceae family, are an important horticultural produce 

growing rapidly in demand.  These fruits are in high demand for both their dietary 

benefits and aesthetic attributes.  The Rosaceae family is divided into four subfamilies 

based on fruit type.  These are Maloideae (Malus, Pyrus, and Cotoneaster), Rosoideae 

(Rosa, Fragaria, Potentilla, and Rubus), Spiraeoideae (Spirea; fruit, follicle or capsule) 

and Prunoideae (Prunus; which include the cherry, apricot, plum, almond, nectarine 

and peach), (Potter et al., 2002).  This family comprises over 3,000 species and 100 

genera (Dirlewanger et al., 2002).  The important subfamily of Rosaceae, Prunoideae 

includes various species and varieties of edible fruits commonly known as stone fruits.  

A highly valued fruit amongst these plants is the plum (Prunus domestica), with 

numerous species originating from Europe, China, North America and parts of Asia 

(Smartt and Simmonds, 1995).  Peaches (Prunus persica) and apricots (Prunus 

armeniaca) originated from China, whereas the cherries (Prunus avium) evolved in 

Asia Minor (Vavilov, 1951).  A condensed family tree of the Rosaceae family, showing 

the relationship between these important fruit crops is illustrated in Figure 1.1.   
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Family  Rosaceae 

 

Sub family Pomoideae  Prunoideae      Rosoideae 

 

Genus  Malus        Pyrus      Cydonia     Others         Prunus     Fragaria               Rubus 

  

Sub genus       Amygdalus Prunophora    Cerasus   

Species    M.domestica    P.communis        C.oblonga  P.persica         P.armeniaca       P.avium           F. xananassa              Rubus spp. 

           

           and  

 

 

 

 

Figure 1.1  The relationship between the various fruits of economic importance in the Rosaceae plant family (Rieger, 2006). 

(European pear) 

and P. pyrifolia 

(Asian pear) 

(apple)   (quince)    (apricot),         

P.domestica 

(European plum) 

and P. salicina 

(Japanese plum) 

(peach) and 

P. dulcis 

(almond)   

(sweet cherry) 

and P. cerasus 

(sour cherry) 

(strawberry) (blackberry),  

R.idaeus (red 

raspberry) and  

R. occidentials 

(black raspberry) 
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1.2 The Australian Horticulture Industry   

Australian Horticulture Industry is an important agriculture sector for creating large 

number of working positions.  In 2006 to 2007, the horticulture industry was the second 

largest agricultural industry in Australia, creating nearly 175,000 seasonal positions 

(Australian Bureau of Statistics, 2007).  This industry produces a large variety of fruits 

such as, banana, pineapple, avocado, mango, tomato, mandarin, stone fruits, grapes and 

many more fetching high gross value.  The Horticulture Industry of Australia is a 

substantial income generator.  In 2006 to 2007, the highest grossing subsector was grape 

production.  In total, revenue derived from the production of major fruit crops exceeded 

$ 4 billion.  Examples of the gross value of production of individual commodities (for 

the years 2006 to 2007) is summarised in Table 1.1. 
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Table 1.1   

 

Individual Fruit Type Gross Value of Production(AUD) 

Grapes 1,138 million 

Bananas 860 million 

Apples and pears 590 million 

Citrus 513 million 

Stone fruits 415 million 

Tomatoes 296 million 

Strawberries 201 million 

 

 

 

 

 

 

 

 

 

 

 

The gross value production of major individual fruit type in the year 

2006 to 2007 (Australian Bureau of Statistics, 2007). 
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1.3 Stone fruit market in the Australian Horticulture Industry  

Fruits of the Prunus genus, commonly referred as stone fruits, form a significant part of 

the Australian agricultural trade sector.  The production (in kilotonne) statistics for 

stone fruits cultivated in Australia shows the dominance of the peach varieties in the 

Australian Horticulture market in the years 2002 to 2008 (see Table 1.2).    

The Food and Agriculture Organisation monitors the agricultural and horticultural 

outputs on an annual basis.  Over the past several years, there has been an increase in 

the quantity of stone fruits being exported from Australia.  The trend in Australia’s 

horticulture exports (2003 to 2007) is illustrated in Table 1.3.  During this period there 

has been a modest increase in stone fruit exports with a percentage change of +2.1 in the 

trade sector.  The largest importers of fruit products in 2004 to 2005 were Hong Kong 

(AUD $52million), New Zealand (AUD $35million), Japan (AUD $33million) and the 

United States of America (AUD $21million), (Australian Bureau of Statistics, 2005).   
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Table 1.2  

 

Fruit type Period  

2002-2003 

Period  

2003-2004 

Period  

2004-2005 

Period  

2005-2006 

Period  

2006-2007 

Period  

2007-2008 

Peaches 97 74 90 91 82 68 

Nectarines 30 25 40 49 49 Na 

Apricots 20 11 20 17 17 Na 

Plums 33 24 33 26 27 Na 

Cherries 9 8 8 10 10 Na 

Production statistics (in kilotonne) of stone fruit varieties cultivated in Australia during the period 2002 to 2008 

(Australian Government Department of Agriculture, Fisheries and Forestry, 2008). 
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Table 1.3    

 

Fruit type 

exported 

Period 

2003-2004 

Period 

2004-2005 

Period 

2005-2006 

Period 

2006-2007 

Change % 

2003-2007 

Nuts 138.1 185.8 197.0 166.6 + 20.6 

Tropical fruit 12.1 14.8 14.6 16.7 + 38.0 

Citrus fruit 153.7 161.3 173.0 172.9 + 12.5 

Grapes 99.6 124.4 133.1 109.5 + 9.9 

Melons 14.5 16.1 15.6 16.8 + 15.9 

Apples, Pears 32.6 29.2 21.4 18.1 - 44.5 

Stone fruits 37.7 48.8 42.7 38.5 +2.1 

Total 729.9 824.0 834.9 759.7 +4.1 

 

 

 

 

 

 

 

 

Change in trend seen in the Australian Horticulture exports from 

2003 to 2007 (Australian Bureau of Statistics, 2007).   
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1.4 Major cultivation areas of stone fruit varieties in Australia 

The Prunus varieties (stone fruits) are grown in temperate and sub-tropical parts of 

Australia.  Production is focussed in the southern part of the country with orchards in 

Victoria, New South Wales, Queensland, South Australia, Western Australia and 

Tasmania (Figure 1.2).  The different varieties of stone fruits sold in these parts of 

Australia are summarised in Table 1.4.  The fruits are either sold throughout Australia 

directly by the cultivators or with the help of the wholesale domestic market 

organisation.   

Victoria, New South Wales and South Australia are the major growing areas for stone 

fruit varieties in the whole of Australia.  The clay soils of the Goulburn Valley, sandy 

loamy soils in Northern Mallee and clay loamy soils in the Southern Districts serve an 

essential basis for cultivating fruit crops in Victoria.  The river land region of South 

Australia and the Murrumbidgee irrigation region of New South Wales also provide 

suitable conditions for the growth of stone fruit varieties.  Stone fruit varieties are also 

seen concentrated in the areas of northern Tasmania, south-west regions of Western 

Australia and the coastal areas of Queensland (Department of Agriculture, Fisheries and 

Forestry, 2009). 
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Figure 1.2   

 

 

 

 

 

 

 

 

       Perth  

    Adelaide  

Hobart  

Brisbane  

Sydney  

         Darwin  

Major cultivation areas of stone fruit varieties in the temperate 

and sub-tropical regions of Australia.   
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Table 1.4 

 

Fruit type Name of the varieties 

Peaches Flordaprince, Tropic beauty, UF gold, UF beauty, MRS 17-

20c, Fla 97-42c, UF charm, UF delight, China flat, Tropical 

snow, Tasty zee, Atzec gold, Florda gold, Florda glo, Golden 

queen, Flavourorest and Earligrand. 

Nectarines Sun wright, Sun raycer, Sun blaze, 94-7NW, MRS 21-8c, MRS 

22-50NWc, MRS 11-11NWc, UF queen, Sun snow, Dawn 

gold™, December Ice™, Hall™, Honey Ice™, Pale Ice™, 

Sunlite, White stan, Fantasia, Fairlane and Goldmine. 

Plums Gulf ruby, 97-2PIB, Wilsons early, Sunrise gulf, Gulf gold, 

Gulf beauty, Gulf blaze, Barlows early, Larode, Santa rosa, 

Ilukablood, Yarrahapinni blood, Black amber, Ruby blood, 

Mariposa and Narambeen. 

Apricots Trevatt, Glengarry, Moorpark, Bently, Newcastle, Story, 

Hunter, Earlicot and Katy. 

Cherries Early burlat, Burgsdorf, Empress, Lewis, Bing, Rainier, 

Merchant, Supreme, Vista, Rons seedling, Stella, Van, Dame 

roma, Kordia, Lambert, Lapins, Sir Don, Sir Tom, Sweert 

heart, Sir Douglas and Dame Nancy. 

The different varieties of stone fruits sold in Victoria, New South 
Wales, Queensland, South Australia, Western Australia and 
Tasmania (Department of Primary Industry, 2005). 
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 1.5 Soil and climatic conditions required for stone fruits in Australia 

i)  Apricots:  are a temperate region fruit that grows best in a Mediterranean type 

climate where the threat of frost is minimal.  Apricots cannot withstand water logging 

and rainfall before the harvest period.  This can cause great loss due to fruit rot and 

cracking.  Apricots require well structured soils rich in nitrogen for high quality fruit.  

They are available in Australian markets during the summer season.  In the Southern 

Hemisphere, apricots are typically harvested from November to February (Jackson and 

Looney, 1999). 

ii)  Cherries:  are grown in temperate regions and have no tolerance towards water 

logging.  Cherries do not grow well in warm winters.  Cherry trees develop extensive 

root systems and require well drained sandy loam soils.  As with all stone fruits, 

cherries are available during summer months.  They are available in the markets from 

November to January in Australia (Jackson and Looney, 1999).  

iii)  Peaches and Nectarines:  grow in places with warm summers.  They require 

plenty of water and cannot withstand frost conditions.  These fruits require light, well-

drained soils with controlled moisture level.  Peaches and nectarines are harvested from 

October through March in the Southern Hemisphere (Jackson and Looney, 1999). 

iv)  European plums:  are cultivated in regions with cooler climates.  Plums require an 

adequate amount of water but cannot tolerate frost and water logging.  They generally 

need well-drained loamy soils rich in nitrogen.  Plums are available in Australian 

markets from November to April (Jackson and Looney, 1999).   

1.6 Reproduction in the Prunus varieties  

Prunus falls under the Rosaceae family, (see above).  Members of the Prunus genus are 

angiosperms, commonly known as flowering plants.  Angiosperms are the last group of 
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plants to have evolved during the late Jurassic period.  Flowers are the key organs 

taking part in reproduction (Levetin and MacMahon, 2006).   

1.6.1 Structure of a flower 

Flowers can be described as modified branches bearing four sets of specialised 

appendages or floral organs (see Figure 1.3).  These floral parts are grouped in whorls 

and are comprised of sepals (calyx), petals (corolla), stamens (male part known as the 

androecium) and carpels (female part called as the gynoecium).  The entire whorl is 

present on the receptacle, which is the extended top of the peduncle or flower stalk 

(Levetin and MacMahon, 2006) 

a) Sepals or Calyx 

Sepals are the leafy appendages and form the outmost whorl encasing the unopened bud 

of a flower (see Figure 1.3).  They are the thickest, toughest and most waxy part of a 

flower. During development sepals protect the bud from bacteria, fungi spores and 

insects (Mauseth, 2003).  These parts have photosynthetic properties (Levetin and 

MacMahon, 2006).  The entire whorl of sepals of an individual flower is collectively 

known as a calyx.  If the sepals are fused together, the condition is called gamosepalous 

and polysepalous if the sepals appear free (Singh, 2004).  

b) Petals or Corolla 

The next whorl that forms a part of the flower is the corolla (petals).  Figure 1.3 shows 

the position of the petals relative to the sepals.  The petals are usually made up of 

striking colours making them prominent even from a far.  The colourful petals help in 

attracting animal pollinators and increasing the chances of pollination and fertilisation 

(Capon, 2005).  Petals are similar to leaves but differ in that they contain pigments other 

than chlorophyll, are more delicate and have fewer fibres (Mauseth, 2003).  Similar to 
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sepals, petals may be referred to as polypetalous or gamopetalous when in free or fused 

forms respectively.  The condition when it is not possible to differentiate the calyx from 

the corolla in a flower is known as perianth (Singh, 2004).   

c) Androecium (male part of a flower) 

The androecium forms the male part of a flower producing the pollen.  It consists of the 

filament and anther (see Figure 1.3).  Each anther has four chambers where the 

development of pollen takes place (Levetin and MacMahon, 2006).  Pollen forms an 

integral part in the process of fertilisation.  It consists of two or three cells that comprise 

the male gametophyte (multicellular structure containing single set of chromosomes).  

Pollen grains are usually found along the inner edge of the anther chambers. They are 

transferred from the anther to the female part of flower, stigma (Mauseth, 2003).  The 

pollen chambers can easily be studied under a dissecting microscope in the cross section 

of an anther.  The transfer of pollen is aided by wind, birds, insects and mammals 

(Singh, 2004). 

d) Gynoecium (female part of a flower) 

The female part of a flower is known as the gynoecium, which is a collective term for 

the carpel or pistil.  The carpel either in fused or free form consists of the stigma, style 

and ovary (see Figure 1.3).  The ovary is the basal portion of carpel containing one or 

more ovules, which are structures that will develop into seeds after fertilisation (Capon, 

2005).  Emerging from the surface of the ovary is an elongate part known as the style.  

The style helps to maintain a distinct distance between the ovary and the stigma.  The 

extended top of the style is called the stigma, which serves as a pollen-receptive organ 

(Mauseth, 2003).   
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1.6.2 Parts of the fruit and seed 

A fruit develops from the ovary following fertilisation.  Ovules within the ovary are 

transformed into seeds.  The wall of the ovary develops to become the pericarp layer of 

the fruit which may be fleshy or dry.  In fleshy fruit varieties the pericarp is made up of 

three layers (see Figure 1.4.1); the first layer is the exocarp (the skin) which acts as a 

protective covering for the underlying layers.  The second layer is the mesocarp, which 

is juicy and full of flesh.  The last layer is the endocarp, also known as a stone 

(Mauseth, 2003; Levetin and MacMahon, 2006).   

Stone fruits are specifically categorised as drupes because they consist of a thin outer 

layer of exocarp, a juicy and fleshy middle layer known as mesocarp and a rock hard 

inner layer called endocarp.  In addition to these layers, a protective layer is present 

below the endocarp.  This layer is known as the testa which encloses the entire embryo 

present in the seed (see Figure 1.4.2).  The micropyle of the ovule normally survives as 

a tiny pore in the seed coat. It enables the flow of water during germination of the seed 

(Capon, 2005).  A mature seed gives rise to the shoot and root systems of a young plant.   
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Figure 1.4.1  Different layers observed in a fruit are the exocarp (skin), mesocarp (flesh) and endocarp (seed). 
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Figure 1.4.2 Picture of a whole Prunus seed (plum) exhibiting the hard stony appearance (left panel).  On the right 

panel an internal view of the seed is shown. 
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1.6.3 Life cycle of angiosperms 

Reproduction in flowering plants is the process by which young plants are produced 

having the same genotype as parents, or offspring that are genetically different 

(Mauseth, 2003).  In plants reproduction occurs either sexually or asexually. Asexual 

reproduction is the generation of offspring without the fusion of gametes (egg and 

sperm or in the case of plants ovule and pollen).  The offspring of asexual reproduction 

are genetically alike except in case of any mutation. On the other hand, the fusion of 

gametes is known as sexual reproduction.  Sexual reproduction is required for many 

varieties of fruit including stone fruits (Rieger, 2006). 

The life cycle of angiosperm is seasonal, cycling between sporophyte and gametophyte.  

The process of pollination and fertilisation fuses the ovule and pollen to form a zygote.  

Hence, sexual reproduction introduces variation into the population, unlike the offspring 

from asexual reproduction that are genetic clones.  There are two stages in the 

reproductive cycle of a flowering plant: a diploid sporophyte generation (two complete 

set of chromosomes); and a haploid (only one set of chromosome) gametophyte 

generation (Starr et al., 2009). 

There are two kinds of sporangia; microsporangia and megasporangia in angiosperms.  

The process of spore formation, meiosis, occurs within the sporangia.  Meiosis is the 

process of cell division that consists of two successive divisions resulting in 

development of four haploid cells.  Meiosis in plants occurs during the development of 

pollen inside stamen and the ovules inside the carpel (Raghavan, 1986; Starr et al., 

2009). 
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a) Male gametophyte development 

The anther (STEP 2 in Figure 1.5) contains four chambers called the microsporangia or 

pollen chambers.  Microspores are commonly known as male spores or pollen mother 

cells that generate the male gametophyte.  Initially, the four haploid spores remain 

together as a tetrad (see Figure 1.6), but ultimately segregate and subsequently each 

microspore develops into an immature male gametophyte or pollen grain.  During the 

developmental stages, the microspore undergoes mitosis producing two cells; a 

generative cell and a vegetative cell.  The combination of these two cells leads to 

formation of a mature pollen grain constituting two male gametes.  When the pollen 

grains are completely mature, they are released by the anther.  The vegetative cell 

produces the pollen tube which helps in transfer of the two pollens to the female organ 

of a flower after pollination (Glover, 2007; Roberts, 2007). 

b) Female gametophyte development   

The ovary contains one or more ovules that store the megasporangia.  The 

megasporangia are surrounded by tissue layers called integuments, except around an 

opening called micropyle.  During the developmental stages, only one cell is distinct, 

which is megaspore mother cell.  This is surrounded by tissue layer known as nucellus 

(see Figure 1.6).  The megaspore mother cell undergoes meiotic division producing four 

megaspores; three degenerate and only one survives.  This single megaspore 

subsequently undergoes a series of mitotic divisions (usually three divisions) producing 

seven nuclei inside the megaspore.  These nuclei are then distributed; three to the egg 

apparatus near the micropyle, another three to antipodals at the opposite side and two 

polar nuclei in the centre.  The egg apparatus is made up of two synergid cells and one 

egg (see Figure 1.6).  This process eventually gives rise to a mature female gametophyte 

(Raghavan, 1986; Bhojwani and Soh, 2001). 
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Figure 1.5  Path of pollen migration from the anther through the extended pollen                           

          tube for fertilisation of the ovules and generation of an embryo.  
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Figure 1.6  Life cycle of Prunus varieties (flowering plants or Angiosperms), (Levetin and MacMahon, 2006). 
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c) Pollen germination 

As soon as the eggs mature within the ovules, the stigma becomes receptive.  When 

pollen is deposited on the carpel, chemicals are released from the surface of the stigma 

that excites pollen grain (STEP 4 in Figure 1.5).  A receptive stigma is easily visible due 

to its sticky secretion.  Pollen germination results in drawing water from the 

neighbouring stigma cells which distends until it splits open.  As the process of 

development of the pollen continues, the pollen tube extends forming a tubular path 

(through a tissue known as transmitting tissue) to the ovules inside the ovary.  There are 

many ovules present in a flower, hence each male gamete is required to fertilise each 

ovule.   As previously noted, each pollen grain has two male gametes, which will 

subsequently travel through the pollen tube to the embryo sac at the micropyle 

(micropyle is at the base of the egg and synergids).  The two synergids start to 

degenerate during the development of pollen tube.  The pollen tube enters one of the 

synergids, breaks open, and the tube nucleus, as well as the two male gametes are 

dispensed into the synergid.  Once the pollination is successful it leads to the 

fertilisation process (Taylor and Hepler, 1997; Rajan, 1999; Bhojwani and Soh, 2001).  

The migration of pollen grain from the anther to the ovules for fertilisation is shown in 

Figure 1.5. 

d) Double fertilisation 

Fertilisation in flowers is exceptional, in that it requires two male gametes, and thus it is 

termed ‘double fertilisation’.  In this process one of the male gamete fuses with the egg 

(or ova) to form a zygote that will eventually give rise to an embryo (STEP 6 and 7 of 

Figure 1.5).  The zygote is diploid (fusion of haploid egg and male gamete) and stores 

the set of chromosome for the sporophyte generation.  The second male gamete 

fertilises the two polar nuclei to form the triploid endosperm.  The endosperm serves as 
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a source of food and hormones for the developing embryo (STEP 8 of Figure 1.5).  

Endosperm is starchy and may even contain oils and proteins.  Disintegration of 

endosperm occurs instantly to form the endosperm tissue, followed by the separation of 

the zygote to generate the embryo (see Figure 1.6).   

e) Embryo Development 

The embryo takes the form of an axis with meristems at both ends.  The meristems give 

rise to the shoot and root systems of a young plant.  The embryonic axis usually folds to 

accommodate itself inside the embryo sac (Raghavan, 1986; Olsen, 2007).      

f) Seed and fruit development 

As the development of the embryo is taking place, changes are also noticeable in the 

neighbouring tissue.  The ovule integuments and the embryo sac together merge to form 

the seed coat that tends to protect the embryo until germination stage (see Figure 1.6).  

The mature seed consists of endosperm tissue, embryo and seed coat.  The ovary 

enlarges and develops into a fruit (Rajan, 1999; Bhojwani and Soh, 2001).  Ripened 

ovaries (called fruits) may be dry or fleshy, depending on the characteristics of the 

species.  There are several varieties of fruits and seed coats modified for protecting the 

embryo and dispersal phenomenon (Steeves and Sussex, 1989; Kent, 2000; Leyser and 

Day, 2003). 

The reproductive cycle of angiosperms is shown in Figure 1.6.  In this cycle, AB is 

considered as the genotype of the mother (ova produced in the ovary).  The pollen is 

considered as the father and is assumed to donate the CD genotype (formed in the 

anther).  This cycle represents the follow of hereditary characters which come into 

association only after the fusion of male and female gametes.  According to Mendenlian 

genetics rule, the offspring consists of a genotype that is similar to that of the parents. 
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This means that each parent contribute half set of chromosomes to the offspring.  In this 

way the offspring share the features of both the mother and father.  Here the offspring 

contains AC genotype (receives one gene from each parent). This indicates that the 

offspring inherits characters from both parents.  In this way the genotypic characteristics 

flow from parents, to young offspring, generation after generation.    

1.7 Pollination 

Pollination is an important part of sexual reproduction which eventually results in 

development of an offspring.  Pollination enables hereditary recombination and the 

generation of a genetically distinct seed.  This exchange of genetic material between 

parent plant and offspring increases the chances of survival of the young offspring.  The 

preservation of genetic variability in a population is significant, as it improves the 

ability of adaptation in plant population to varying environmental conditions (Levetin 

and MacMahon, 2006).        

The exchange of genetic material occurs during meiosis (formation of gametes).  

Meiotic division occurs in both self pollinating (pollen transfer within same plant) and 

cross pollinating flowers (pollen transfer between two different plants).  Thus it enables 

the preservation of genetic variation in population of self pollinating flowers but the 

genetic variation in the subsequent generation is maximised when flowers are cross 

pollinated.  Also cross pollination prevents the negative effects of inbreeding (Rajan, 

1999)  

It is not possible for all plant species to carry out pollination on their own; plants need 

‘agents’ for carrying out this process.  The pollinating agents are usually animals 

(insects, birds and bats), wind and water.  Pollination by animals is more beneficial for 

plants (compared to wind and water) as only a small amount of pollen is utilised.  Big 

ostentatious flowers are mostly pollinated by animals; on the contrary, small subtle 
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flowers are usually pollinated via wind (Sparks, 2005).  The two main modes of 

pollination are self-pollination and cross-pollination. 

1.7.1 Self-pollination 

Self-pollination is also known as autogamy.  This kind of pollination takes place in 

plants that are self productive.  Self-pollination is the transfer of pollen from anther to 

stigma of the same flower or transfer of anther from one flower to the stigma of another 

flower but on the same plant (see Figure 1.7).  This mode of pollination requires a 

flower that possesses both stamens and carpels developed in it for direct contact.  Self-

pollination occurs when the stamens and carpels of the flower mature at the same time.  

In such flowers, the stamens mature and the filaments recoil to bring the anthers close to 

the stigma so that when they burst the pollen grains land directly on the stigma.   

Self-pollination also occurs in flowers that do not blossom and remain closed during 

their entire life span.  In such circumstances the pollen grains are shed within the 

enclosed flower making self-pollination obligatory.  This phenomenon is known as 

cliestogamy and is observed in many rice varieties (Matsui and Kagata, 2003).  Self 

pollinating flowers do not need pollinating agents and this type of pollination is 

uncommon.  There are various benefits of self pollination; foremost is that the plants are 

not reliant on pollinating agents to reproduce.  It also enables the plants to propagate 

rapidly.  The major drawback to this type of pollination is that it hampers genetic 

diversity, as the same set of genotype is transmitted from the parent to the offspring 

generation after generation (Weberling and Pankhurst, 1992).   
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Self-pollination in a flower occurs when the male gametes 

produced by the anther are transferred to the ovary containing the 

female gametes in the same plant (Jain et al., 2008). 
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1.7.2 Cross-pollination   

Cross-pollination (also known as syngamy) occurs in plants that are self-incompatible.  

In cross-pollination the migration of pollen takes place from the anther of flower on one 

plant to the stigma of flower on a completely different plant.  Cross-pollination depends 

upon pollinating agents and is a very common process of reproduction.  This method of 

pollination aids in preserving genetic diversity in the plant population.  However, 

absence of pollinating agents may lead to the extinction of the plant population as they 

are not self-fertile (Weberling and Pankhurst, 1992).  Cross-pollination occurs by 

various methods, which are described below. 

a) Wind pollination     

Wind pollination is the circulation of pollen by wind.  Flowers pollinated by wind are 

mostly small and subtle. They consist of no vibrant colours or attractive odour.  The 

stamens and stigmas are exposed directly to the air currents.  The flowers produce a 

huge quantity of pollen grains, which are light and smooth in texture.  The filament part 

of the stamen that carries the anther is elongated, in order to permit the anther to droop 

free away from the flower.  Stigmas are modified to a feathery texture so as to enhance 

the surface area for capturing pollen grains.  Pollination by wind is usually observed in 

Quercus, grass, palms, birch, and hazel (amongst others), (Cronk and Fennessy, 2001; 

Frankham et al., 2004). 

b) Water pollination 

Water pollination (also known as hydrophily) is the distribution of pollen grains by 

water currents whereby the pollen floats on the surface of water and is transported until 

it comes in contact with a flower.  Water pollination is very rare and usually seen in 

water weeds (Glover, 2007). 
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c) Animal pollination 

Animal pollination is a broad category that includes pollination by birds, insects and 

bats.  Pollinating birds form a small part of the entire bird species.  Plant species 

pollinated by birds usually have distinct corollas, vibrant petals and a large amount of 

nectar is produced.  Pollinating birds are able to locate the flowers using their well 

developed vision.  Bats are nocturnal (active at night), hence they pollinate flowers that 

blossom only at night (Berg and Berg, 2007; Frankham et al., 2004).  The most 

important group of pollinating animals are insects, who visit flowers in search of food 

(nectar).  As the insects seek nectar, they distribute pollen grains from flower to flower.  

Among insect pollinators, bees are essential as they have a tendency to visit many 

flowers.  They possess hairy bodies which allow sticking of pollen grains and thus help 

in easy transfer of pollen.  Figure 1.8 illustrates the phenomenon of cross-pollination 

with the help of a bee (pollinating agent). 
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Figure 1.8   
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Cross-pollination in a flower by means of a bee as a pollinating agent 

(Pooja, 2004).  
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1.7.3 Pollination in stone fruit varieties. 

In commercial horticulture, bumble bees are a primary vector used for cross-pollination.  

The pollination accomplished by bumble bees termed as buzz pollination is effective 

and relatively safe.  With this method, the bees visit a flower and stir their flight 

muscles vigorously while holding onto the flower.  This action shakes the flower 

dislodging the pollen.  The pollen grains produced are very small and non-oily, which 

helps in easy dispersal of pollen.  Bumble bees are commercially bred in hives that are 

managed for pollination of raspberries, strawberries, almonds, apples, tomatoes, 

kiwifruit, capsicum, eggplant, blueberries, stone fruits, avocadoes, cranberries, zucchini 

and beans. Bumble bees assist in supplementing honey bees, but are not used to replace 

them. Bumble bees are not native to Australia but were introduced to enhance the 

pollination process (Department of Primary Industry Australia, 2008).  Bees also 

provide a supplementary income through the honey produced. 

a) Apricots 

Apricot flowers are usually self-compatible and cross-pollination is not essential.  

However, the use of bees helps pollination and results in improved yields.  Two or three 

colonies of bees per hectare are recommended.  Bees help in collection of nectar and 

pollen, but it is observed that nectar is gathered from older apricot flowers after the 

pollen has been released and the stigma is no more receptive in nature.  Consequently 

larger bee colonies may be required (Department of Primary Industry Australia, 2008).   

b) Cherries 

In cherry flowers cross pollination using insect vectors is necessary as wind pollination 

is not efficient.  Three capable colonies of bees per hectare are needed for competent 

pollen collection.    
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c) Plums 

Plum varieties, both Japanese and European, are self-incompatible and cross-pollination 

is vital.  Bee pollination is optimal for all types of plums.  Three colonies of bees per 

hectare are required.   

d) Peaches and Nectarines 

Most peach and nectarine varieties are considered to be self-compatible.  The Golden 

Queen variety is self-compatible and self-pollinated, but pollination by bees results in 

high yields. Approximately three colonies of bees are required per hectare for proper 

establishment of pollen gathering. 

Research conducted in Victoria by the Department of Primary Industry Australia (2008) 

compared the yield from trees pollinated by bees to those trees that were enclosed at the 

time of flowering.  The pollination study on Crawford variety was first conducted by 

Langridge et al., 1977. This Australian study showed the benefits of having bees within 

a peach orchard by comparing fruit set between caged and open trees of the cultivar 

‘Crawford’.  The analysis of the pollination necessities of peaches and nectarines makes 

various references to study conducted in recent years describing the advantage of having 

honey bees in glasshouses and open orchards ( see Table 1.5).     

1.7.4 Reasons for pollination failures 

Low yields in the total production output are usually a result of inefficient pollination or 

presence of frost during the blooming period.  Hurdles in the pollination process are 

also seen sometimes due to absence of an appropriate variety for cross-pollination.  

Unmatched flowering periods of two varieties involved in pollination will also lead to 

unsuccessful reproduction.  Unfavourable climatic conditions at the time of flourishing 

can also hinder pollination to an extent.   
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Table 1.5  Determination of efficacy of honey bees as pollinators in stone fruit                      

   crops (Department of Primary Industry, 2008). 

 

Name of fruit Variety of fruit Non bee-pollinated 
Yield/tree (kg) 

Bee-pollinated     
Yield/tree (kg) 

Apricot Trevatt 67 99 

Cherry Moss early 2 35 

Plum Satsuma 15 38 

Peach Crawford 18 47 

Peach Golden queen 155 216 
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1.7.5 Significance of pollen 

The study of pollen has an extensive range of applications; allergy investigations, 

locating of oil, coal, gas reserves and in forensic science.  Because of exclusive floristic 

communities, exclusive pollen fingerprint exist for explicit locations.  An area will have 

a particular amalgamation of plant species in the local and surrounding vegetation.  

Horrocks et al. (1998) concluded that localized areas of similar vegetation, even within 

the same geographical region, have extensively diverse pollen profiles.  It is this fact 

that enables pollen to be used as evidence in forensic and other investigations.  The 

features that make pollen a practical forensic tool comprise the structure, allowing 

species identification, and a conventional seasonal distribution. Also, the plants grow in 

well defined ecological niches, making pollen both a useful environmental marker and 

location identifier.  The DNA profiles of pollen are thus region specific (Taylor and 

Skene, 2003). 

 

1.8 DNA Fingerprinting in plant sciences 

The first DNA fingerprinting technique was introduced in the field of plant sciences in 

1988 (Weising et al., 2005).  This method was known as Restriction Fragment Length 

Polymorphism (Ryskov et al., 1988).  In 1989 microsatellites came into existence for 

plant DNA fingerprinting (Weising et al., 2005).  Other DNA fingerprinting methods 

subsequently developed include Random Amplified Polymorphic DNA (RAPD) and 

Amplified Fragment Length Polymorphism (AFLP), (Zabeau et al., 1993, Vos et al., 

1998). Another technique was introduced for the amplification of repetitive DNA 

without the use of species-specific primers.  This technique came to be known as Inter-

Simple sequence Repeat (ISSR) described by Zietkiewicz et al. (1994).   
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1.8.1 Structure of DNA 

Every life form on earth is made up of tiny units called cells, which are the ‘building 

blocks’ of life. A cell contains hereditary information that is subsequently passed from 

one generation to another.  The nature of such material was not understood until the late 

nineteenth century, when biologists identified “chromosomes” present in the nucleus of 

each cell.  For some time, chromosomes were considered to be the genetic material.  It 

was only in early 1950s that the concept of DNA as hereditary material was accepted. 

The Watson and Crick model of DNA was discovered in 1953, according to which 

DNA consists of two complementary strands that are held together with help of sub 

units known as nucleotides.  The nucleotide is described as a sub unit formed by 

combination of a nitrogenous base and a sugar molecule.  A DNA molecule consists of 

four bases which are present in unique linear form.  The four types of bases are: adenine 

(A), thymine (T), cytosine (C) and guanine (G).  The arrangement of these four bases 

allow DNA to code for all essential information for the development of gametes and 

various other complex activities to ensure normal functioning of living forms.  The 

backbone of DNA is made up of alternating phosphates and sugars associated through 

oxygen atoms.  This backbone helps secure the hereditary sequence against damage or 

mutation.  The nitrogenous bases link to the backbone of DNA by formation of bonds 

with the sugars.  The bases are arranged in a fashion that they appear to be sticking out 

from the backbone so as to link with other complementary bases (Bates and Maxwell, 

2005).  

All nucleotides are composed of a phosphate moiety linked to a sugar, which is 

connected to a base.  Adenine and guanine are purines which contain a pair of fused 

rings (five and six cornered); thymine and cytosine are pyrimidines, which contain a 

single ring (six cornered).  Two hydrogen bonds are formed between adenine and 
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thymine and three hydrogen bonds seen between cytosine and guanine.  The formation 

of these bonds results in alignment of two strands of DNA in a spiral manner (Watson 

and Crick, 1953).  DNA helical structure can be compared to a twisted ladder with the 

nitrogenous bases as the steps (Alberts, 1998; Sinden, 1994; Bates and Maxwell, 2005).  

Due to the presence of weak hydrogen bonds it is possible to separate the double 

stranded DNA into two parts for easy access to the genetic information (Alberts, 1998; 

Sinden, 1994; Bates and Maxwell, 2005).  The four nucleotides present in a DNA 

molecule are shown in Figure 1.9. 
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Figure 1.9    
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 Double stranded structure of DNA consisting of four nucleotides    

(Adenine, Thymine, Cytosine and Guanine), (Sherwood, 1997). 
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1.8.2 Polymerase Chain Reaction (PCR) 

DNA based fingerprinting methods used to identify material (human, plant or animal) 

rely on a technique known as Polymerase Chain Reaction (PCR).  PCR was developed 

by Kary Mullis in the 1980s.  Knowledge of the DNA sequence to be amplified is used 

to design two synthetic DNA oligonucleotides known as primers (forward and reverse 

primers).  Each primer is complementary to the sequence on one strand of the double 

stranded helix at opposite ends of the region to be amplified.  These primers are used to 

synthesise multiple copies of DNA with the help of DNA polymerase enzyme and 

diNucleotide TriPhosphates (dNTPs).  PCR begins with a DNA helix, and every cycle 

of the reaction starts with a short heat action (95⁰C) to separate the two strands.  At this 

temperature the bonds between the double stranded DNA are broken and the DNA thus 

separates into two single strands.  The annealing temperature depends on the nature of 

the product being amplified.  Each annealed primer is extended by Taq polymerase to 

the end of the other primer sequence at the 5′ end of the template strand.  Thus the 

strands synthesized in this cycle are precisely equivalent to the length of area to be 

amplified.  As a result double stranded DNA helix is formed again at the end of the 

cycle.  The entire cycle begins again and as the process continues the newly synthesized 

strands serve as templates.  Usually 30-35 cycles are performed in a single PCR run and 

it generates millions of copies of DNA that can be analysed easily (Brown, 2006; 

Weising et al., 2005).  The steps that occur in PCR are outlined in Figure 1.10. 

 

 

 

 

http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=mcb&part=A7315&rendertype=def-item&id=A7744�
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3'           5'            3'  5' 

   ATTGCTAGGGTACATC           Denature            ATTGCTAGGGTACATC 

   TAACGATCCCATGTAG         Templates obtained  

5'                                     3'  TAACGATCCCATGTAG 

      5'                     3'

  

     

        DNA duplex formed         

3'   5'           Primer Annealing  

   ATTGCTAGGGTACATC     

   TAACGATCCCATGTAG 

5'                                    3'           3'   5' 

3'          5'                       3'                5' 

    ATTGCTAGGGTACATC                Extension  

   TAACGATCCCATGTAG        Nucleotides added                                    3'         5'                                                               

5' 3' 5'                                    3'  

   

Figure 1.10 

 

 

 

 

 

Polymerase Chain Reaction (PCR) occurs in three steps.  Denature 

of double stranded DNA in the first step. In the second step, lowering 

the temperature causes the primers to anneal to the single strands of 

DNA.  Eventually, this leads to the extension of two new strands 

being synthesized by constant addition of nucleotides.  The double 

strand structure thus obtained serves as a template for the next PCR 

cycle.   
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1.8.3 Specific applications of DNA based analysis in plants. 

There are a wide range of DNA applications in plant science.   

a) Detection of genotype 

The recognition of plants is crucial to classify and name different varieties.  It is known 

that a genotype arises from the fusion of an ova and a pollen cell.  It is expected that 

each genome will be different among plants, unless the varieties are very closely 

related.  Many disciplines, from allozyme electrophoresis to recent PCR based 

techniques, can be used in the field of Forensic botany.  Congiu et al. (2000) used the 

RAPD method to detect illegal cultivation of patented strawberry varieties.  In the case 

of degraded DNA the reproducibility of RAPD and AFLP is considerably reduced, as a 

result of which microsatellites are being used.  Gilmore et al. (2003) established the 

reliability of microsatellites using Cannabis sativa DNA profile to aid forensic 

investigation.  Nuclear DNA and Chloroplast DNA are used for identification of 

genotype (Deguilloux et al., 2003). 

b) Evaluation of genetic diversity 

Assessments of genetic diversity are usually performed by using allozymes or molecular 

markers, which are neutral in their selection.  These marker methods enable the 

evaluation of genetic variation and the degree of genetic variation present in a 

population (Adams et al., 1999).  Genetic variation within a respective population can 

be analysed through the percentage and number of polymorphic genes in the population 

and also by analysing the number of alleles for every polymorphic gene along with the 

ratio of heterozygous loci.  Nonetheless, these molecular methods have the drawback of 

being comparatively costly, time consuming and demand high levels of skill in 

assessment (Aggarwal et al., 1999). 
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c) Identification of cultivar 

Conventional methods of identification of cultivar were largely based on morphological 

features.  This kind of assessment is cost efficient but has various limitations; for 

example, it is affected by its environment, hard to differentiate between closely related 

varieties and not easy to describe characters with incomplete development stages.  

These factors generated the need for alternative methods such as allozyme analysis, 

chemical analysis and DNA profiling (Camlin, 2001).  The identification of cultivar is 

very significant in horticulture industry as it helps to prevent illegal use of plant variety 

without the breeder’s authorisation (Powell et al., 1996).  In the case of economically 

important plants where enormous DNA profiles and databases are involved, the 

reliability of DNA markers is very important.  The identification of a vast number of 

cultivars is carried out using microsatellites. The microsatellites help in analysing 

maximum and minimum variation among and within cultivars respectively. These 

markers are not influenced by the environment and show a high degree of 

reproducibility (Becher et al., 2000).  DNA fingerprinting techniques have also helped 

to study genetic diversity among cultivated plants.  

d) Plant taxonomy and systematics 

Taxonomy and systematics are very closely related to one another in their concept.  

Some scientists treat systematics as a comprehensive area dealing with differentiation, 

diversity and relation between species (Heywood, 1967; Ross, 1974). Solbrig (1966) 

considered taxonomy and systematics as two separate individual fields.   

DNA fingerprinting is used to decipher genetic relations at different taxonomic level.  

AFLP, RAPD and ISSR methods are popular in analysing closely related taxa, for any 

variation (Despres et al., 2003).  However microsatellites are more effective in 

comparing the specific alleles of interest.  With the aid of DNA fingerprinting it is 
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possible to create phylogenetic information at level of population, species and possibly 

genera for classification of plants (Wolfe et al., 1998). 

e) Forensic botany 

Forensic botany is the application of plant sciences to legal matters.  Several aspects of 

plant sciences are used in forensics such as, plant taxonomy, plant anatomy, plant 

systematics (relationships in plant kingdom), plant ecology and palynology (study of 

spores and pollen).  Plant cells have a rigid outer covering known as the cell wall which 

is absent in animals.  This cell wall is rich in carbohydrates and is highly unbreakable 

which can withstand the process of degradation.  Even the cell walls of pollen and 

spores are indestructible.  These plant parts can remain undamaged for thousands of 

years and serve as a source of identification (Bock et al, 1997). 

Humans have depended on plants for food from historic times due to its nutritional 

benefits.  The tissues of food crops consist of cells of distinct shapes and sizes, with 

unique arrangement.  These particular characteristics are maintained in the digestive 

tract of humans even after consumption.  It is often observed that seeds, leaves, flowers 

and other parts of plant are related to a crime scene.  All these materials help in 

identification, so the investigators document these evidences and send them to a plant 

taxonomist for detailed information.  The information obtained by the taxonomist aids 

in associating the plant parts to their place of origin (Bock et al., 1997; Lane et al, 

1990). 

Plant ecology plays an essential role in locating graves of missing persons.  The key in 

recognition of burial site is basically distribution of vegetation around the burial site.  

Plant ecology experts study the succession patterns of the region as it remains evident. 

Palynological evidence aids in associating the crime scene to the suspect, by studying 

various forms of pollen or spores in that particular area (France et al., 1992).   



43 
 

 DNA fingerprinting methods are not exclusive for research purposes only. It has also 

been widely used in the context of forensic science (Forensic botany) for various 

applications such as, to differentiate between various species of commercial importance 

from adulterated ones and even for conserving the rights of breeder’s.  Knowledge on 

plants has also helped to solve cases involving identification of plant samples and 

tracking back the place of origin.  By studying the genotype of leaves, fruits and seeds, 

one can create a database for authentication of economically important plant species 

(Heather, 2005). 

Identification of cultivars is possible by studying the genome of leaves, fruits and seeds 

(Dirlewanger et al., 2002, Cipriani et al., 1999, Aranzana et al., 2002).  The researchers 

have also been successful in tracking the maternal origin of fruits and seeds (Godoy and 

Jordano, 2001; Aranzana, 2002).  

1.9 Authentication 

Testing of authenticity of consumable products, (such as milk, fish, meat, fruits or fruit 

juices) is essential because it helps in avoiding unfair competition and protects 

consumers against counterfeit practices often seen in the food industry.  Adulteration of 

food products can be very harmful to health as undeclared components may cause 

allergic reactions in sensitive people (Mackie, 1996).  As horticulture is an 

economically important industry, authentication of fruit varieties forms an integral part.  

Firstly, to determine foreign fruit types that may get mixed with original variety usually 

during harvesting, packaging and transporting activities.  Secondly, to detect 

adulteration for instance, adding colouring to fruit juices instead of fresh pulp.  Thirdly, 

to detect the correct fruit mixtures declared in juices or fruit purees (Koswig, 2006).  

Authentication is also important to track low-quality and price fruit varieties.  
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1.9.1 Morphological authentication 

Traditionally, local identification and characterisation was mainly based on 

morphological fruit traits.  Morphological detection does not require costly techniques 

but a large territory is required for performing reproducible experiments.  Traits such as 

the habitat of the plant,  period of harvest,  structure of the tree, growing pattern, 

maturation time, shape and size of leaf, number of flowers, number of fruits branch, 

shape and texture of fruits are assessed (Mondini et al., 2009).  However, these 

characteristics are diverse among orchards and it is difficult to perfect the comparisons 

entirely based on morphological features. Another limitation is that this method cannot 

make genotype identification for quality control or protect the plant breeder’s right.  

Since morphological authentication is based on the use of morphological descriptors 

that are greatly influenced by environmental conditions, alternative methods are 

required for authentication. 

1.9.2 Biochemical authentication 

This analysis is based on the segregation of proteins into precise banding patterns.  

Biochemical authentication is quick to perform and requires only a small quantity of a 

biological sample.  The analysis of biochemical markers involves the study of isozymes 

and seed storage proteins.  In this process enzymatic functions and allele frequencies for 

specific genes are observed.  Allozymes are used to determine genotype and gene 

frequencies within and between populations.  The allozymes are the allelic variants of 

enzymes.  They can be used to estimate genetic diversity, gene flow, population 

structure, population divergence and genetic structure of species (Brown, 1979; 

Hamrick and Godt, 1997).  These markers are easy to use, cost efficient, and help in 

assessing epistatic, pleiotrophic and co-dominance.  However, limited polymorphism is 
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dectected and the markers are influenced by extraction method (Hamrick and Godt, 

1997).   

1.9.3 Molecular analysis 

Molecular analysis involves the use of various molecular markers to study variations 

among plant species.  The markers are stable as they are not affected by environment, 

pleiotropic and epistatic effects.  They are detectable in all tissue regardless of the life 

stage of the plant being analysed.  The molecular techniques differ greatly in their 

assessment in regards to significant features such as degree of polymorphism, 

specificity of locus, reproducibility, DNA quantity and cost.  DNA marker techniques 

such as RFLP, RAPD, microsatellites and AFLP are now regularly used for 

evolutionary, taxanomical, phylogenic and genetic studies of plant sciences.  The latest 

development of high throughput sequencing methods gives the advantage of analysing 

large number of samples over a shorter period of time.  The new techniques have 

modified earlier methods, to increase their resolution and sensitivity in assessing genetic 

distinctiveness (Agarwal et al., 2008).   

1.10 Plant Variety Rights (PVR) or Plant Breeders’ Rights (PBR) 

Plant variety rights (also known as plant breeders’ rights) ensure the official 

fortification of enhanced plant varieties (hybrids, clones).  These rights are used to 

protect diverse species or varieties belonging to the botanical world.  The breeder under 

this act has exclusive rights to utilise the plant variety, as well as granting permission 

for other breeders to use it.  The breeder also has power over propagating material 

(seeds, tissue culture) and harvest material (fruit, flowers) of a novel variety.  The 

breeder has the right to take legal action against unauthorised use of the variety.  With 

the help of these rights, the breeder can be an exclusive vendor of the variety that they 

have propagated.  



46 
 

In Australia the PVR Act 1978 was replaced by PBR Act in 1994.  The criteria of 

obtaining the PBR are passing the distinctness-uniformity-stability (DUS) test (Camlin, 

2001 and 2003).  The new cultivar must be distinct from all other cultivars by one or 

more significant characters, for example, colour, maturity period and habitat.  A variety 

is considered to be uniform if the botanical features of the plant are as similar as 

possible among all the propagated plant varieties.  Lastly, a variety is said to be stable if 

its characters remain true generation after generation and also stays specific to its 

description.   The DUS test is carried out as a trial which last for about one to several 

years, during which all the essential differentiating morphological characteristics are 

recorded.   Due to an increase in the number of cultivars, a large number of trials are 

necessary to analyse and evaluate new cultivars as well as old analogous cultivars 

(Lombard et al., 2001; Van, 2001).   

New varieties by repeated backcrossing are at times derived from already protected 

varieties either by induced, natural mutations or genetic engineering.  Such varieties are 

known as essentially derived varieties (EDVs), (Camlin, 2001).  Molecular markers 

could assist in the identification of EDVs by analysing a specific level of consistency 

with the true variety.  Heckenberger et al. (2003) suggested that measures should be 

taken to affirm a high degree of reproducibility and homogeneity for the DNA markers 

before applying for plant variety protection.  Regner et al. (2001) reported that both 

microsatellite and RAPD markers aid in recognising variation between clones of 

grapevine cultivar Reisling.  AFLP markers were successful in recognition, 

documentation and clonal selection of Vitis clones (Imazio, 2002).   

One of the main problems with the molecular techniques is that minimum genetic 

distance between varieties must be outlined to protect breeders from already present 

cultivars.  A sole base pair difference does not warrant the registration of a new cultivar 
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(Camlin, 2003).  DNA markers can assist in DUS testing trials by determining 

distinctness (Law et al., 2001). 

1.11 DNA fingerprinting techniques 

The generation of licensed fruit tree species requires the application of rapid and 

consistent techniques to recognize both old and new genotypes.  The entire genome 

sequence is available for a few plant species such as Arabidopsis thaliana and rice, that 

helps to identify specific genes located on a particular chromosome (King and 

Stansfield, 1990).  The markers and the genes distinct by these markers are in close 

proximity on homologous chromosomes and hence they stay together as every 

generation of plant is produced.  The location of markers on each chromosome aids in 

creating genetic maps to study the relationship between significant traits and genes.  

Molecular markers are DNA sequences present at specific position on a chromosome 

and passed on from one generation to the next (Semagn et al., 2006).  Recently, the 

genetic characterization of multiple embryos in almond (Martinez-Gomez et al., 2003) 

and genetic maps for woody perennials (Weeden, 1994) were created with the use of 

DNA-based markers.  PCR technique is used for amplification because it is considered 

to be a versatile and inexpensive method.  It is a simple way of producing multiple 

copies of DNA from minute quantity of sample with the help of a DNA polymerase 

enzyme.  PCR is a process in which repeated cycles of heating and cooling are carried 

out for denaturing the DNA and also for enzymatic replication.  The use of primers is 

essential as it contains sequences complementary to the DNA template being replicated.  

The PCR products are DNA fragments of defined length, visualised under ultra-violet 

illumination.  
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1.11.1 Random Amplified Polymorphic DNA (RAPD) 

RAPD markers do not require any precise knowledge of the DNA sequence and amplify 

arbitrary locations in the genome (Welsh and McClelland, 1990).  RAPD analysis is 

characterized by the use of random primers of short sequences, usually between 10 and 

20 base pairs in length.  The amplification of DNA using arbitrary primers is chiefly 

based on the contact among primer annealing sites of the template and enzymes 

(Caetano-Anolles., 1997).  The primers will or will not amplify a segment of DNA, 

depending on the position of the complementary primer sequence.  For instance, no 

fragment will be observed if the 3' end of the primers are not facing each other or the 

annealing site of primers is too far apart.  Therefore, if a mutation has occurred in the 

DNA template at the site previously corresponding to the primers, a PCR product will 

not be formed, resulting in a dissimilar pattern of amplified DNA segments on the gel. 

RAPD markers can be used for the taxonomy of fruit trees belonging to the Prunus 

genus.   

RAPD markers have already been used to differentiate between the Japanese plum 

group and the European plum group trees (Casas et al., 1999).  Also a set of 136 

cultivars from different land origin were analysed to study the genetic diversity in peach 

among American, Asian and European cultivars (Warburton and Bliss., 1996).  In sweet 

cherry (Prunus avium) Gerlach and Stosser (1997), studied the genetic characteristics 

using 23 RAPD primers.  Shimada et al. (1994) analysed 54 Japanese apricot (Prunus 

mune Sieb et Zucc.) to understand the genetic relation within the fruits.  RAPD can be 

widely used for identification purposes and help in establishing link between genetic 

data obtained and their place of origin. 

The use of RAPD analysis is limited in the paternity testing of fruit.  It is not possible to 

determine whether a DNA segment is amplified from a locus that is heterozygous or 

homozygous.  Mismatches between the primer and the template may result in the total 
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absence of PCR products as well as a decreased amount of product.  This technique is 

laboratory dependent and needs developed protocols.  Due to the short base pair length 

of primers several complementary locations are detected in a genome. This results in 

varying amplification patterns among diverse assays of similar material (Jones et al., 

1997).  Thus, RAPD results can be difficult to interpret. 

1.11.2 Restriction Fragment Length Polymorphism (RFLP) 

Restriction Fragment Length Polymorphisms (RFLP) markers were first used in 1975 to 

identify DNA sequence polymorphism in adeno-virus (Grodzicker et al., 1975).  It was 

subsequently used for the human genome (Botstein et al., 1980) followed by the plant 

genome (Helentjaris et al., 1986).  RFLP is detected by the presence of different length 

fragments produced after the digestion of DNA at specific regions with restriction 

endonucleases.  It is this specificity of restriction enzymes that allows each sample to be 

identified, as the enzyme nicks the DNA at certain sites.  Polymorphisms (the minor 

differences in base pair sequences between individuals) are detected by changes in the 

sizes of the fragments produced by the enzyme.  Most RFLP markers are co-dominant, 

which means that in a heterozygous sample both alleles will be detected.  These markers 

are highly locus-specific.  This technique is used to verify erroneous labelling in 

samples (Mohanty et al., 2000). 

In the peach (Prunus persica L.), 34 cultivars were identified using nine RFLP 

fragments from six selected genomics probes (Rajapaske et al., 1995).  Also, 45 

dissimilar phenotypes from 52 apricot (Prunus americana L.) cultivars were recognized 

by means of 31 elected probes found in almond (De Vincente et al., 1998).  The black 

cherry (Prunus serotina Ehrh) was studied using RFLP technique to identify four 

different kinds of genotypes (Nybom et al., 1990). 
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RFLP analysis is more reproducible than RAPD techniques and no sequence 

information is required.  However, it is time consuming, involves use of radio-isotopes 

and demands for high quantity as well as quality of DNA (Young et al., 1992).  It is a 

labour intensive method and not useful in a high-throughput laboratory environment 

(Yu et al., 1993). 

1.11.3 Amplified Restriction Fragment Length Polymorphism (AFLP) 

 Amplified Restriction Fragment Length Polymorphism technology is a powerful DNA 

fingerprinting technology based on selectively amplifying a subset of genomic 

restriction fragments using PCR (Vos et al., 1995).  To obtain template DNA for 

subsequent amplification by PCR, DNA is digested with restriction endonucleases and 

double-stranded specific adapters are ligated to the ends of the DNA fragments.  AFLP 

can analyse many loci in one experiment and enhanced reproducibility of banding 

pattern is observed. 

AFLP markers are not extensively used in the identification program involving 

temperate fruit trees (Vos et al., 1995).  Nevertheless, AFLP markers have been used on 

the Prunus plant species for genetic mapping and molecular characterization, such as 

the assessment of genetic diversity among apricot cultivars (Hurtado et al., 2002).  The 

recent successful development observed was analysis of 24 diploid and four hexaploid 

plum cultivars and distinguishing them into separate groups (Goulao et al., 2001).  

Powell et al. (1996) found that AFLPs produce a much higher number of polymorphic 

products per reaction than other molecular marker systems.  Consequently, AFLPs also 

have a higher marker index, which means that it can provide a suitable approximation of 

marker utility.  The utility of the marker is considered to be a balance between level of 

polymorphism and the extent to which it can be identified. 
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AFLP is popular as a fingerprinting technique in annual plants, but it is less frequently 

applied in temperate fruit tree identification, possibly due to accessibility of other 

techniques like microsatellites that are convenient and accurate to use (Wunsch and 

Hormaza, 2002).  

1.11.4 Microsatellites 

There are three types of repetitive DNA sequences present; DNA satellites, 

minisatellites and microsatellites arranged in different sizes (Armour et al., 1999). 

Microsatellites are also termed as simple sequence repeats (SSR; Tautz et al; 1986), 

short tandem repeat (STR) or simple sequence length polymorphism (SSLP; McDonald 

et al; 1997). Microsatellites occur when a sequence of two or more nucleotides is 

repeated within a region of DNA (Jeffery et al., 1985).  The repeated sequence can 

range in length from 2 to 50 base pairs and is typically in a non-coding intron region.  

By observing a significant repeated sequence, it is possible to identify a genetic profile 

of interest. 

Microsatellites in the Prunus species have been established in peach.  From the 

Redheaven cultivar, 17 microsatellites were cloned and sequenced.  A set of 15 

polymorphic microsatellites were applied in the identification of 10 genotypes of peach 

(Cipriani et al., 1999).  Testolin et al. (2000) analysed 50 cultivars of peach with a total 

of 43 microsatellites.  Sosinski et al. (2000) studied 28 peach cultivars and developed an 

additional set of 10 peach microsatellite loci. These peach microsatellites are now 

widely used for fingerprinting other Prunus varieties (Cantini et al., 2001).  Also, 

Hormaza (2002) used 20 peach primers pairs to segregate 48 apricot genotypes on basis 

of their origin and available ancestry knowledge.  

Extremely polymorphic microsatellite markers can be used to identify closely related 

cultivars within a species.  This method is comparatively vigorous and assays can be 
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fully programmed for high throughput analysis.  It requires less time and is able to 

generate complete genetic profile by using low amounts of DNA (Heather, 2005). 

Methods for isolating and characterizing these markers are expensive and time 

consuming.  It often involves sequencing, designing primers and optimizing PCR 

conditions for STRs that may not be associated with traits of significance.  There is also 

a challenge to set up microsatellite primers from zero level for a new species.  

1.11.5 Inter Simple Sequence repeat (ISSR) 

ISSR technique amplifies DNA segments located between two similar microsatellite 

repeat regions that are oriented in opposite direction.  ISSR use long primers of about 

15 to 30 base pair, which results in higher stringency property.  The annealing 

temperature depends on GC content of the primer and ranges 45⁰C to 65⁰C.  The 

products obtained after amplification process are normally 200 to 2000 base pair long.  

The products can be analysed by both polyacrylamide and agarose gel electrphoresis 

(Meyer et al., 1993; Gupta et al., 1994; Wu et al., 1994).   

Goulao et al. (2001) compared the AFLP markers in 24 dilploid and four hexaploid 

plum cultivars with ISSR.  It was observed that ISSR showed greater reproducibility 

than AFLP and could also segregate the cultivars in distinct groups.  ISSR markers were 

also used in identifying and analysing the genetic diversity among 10 Chinese sour 

cherry varieties (Miao-Miao Li et al., 2009). 

ISSR technique requires no sequence information. The technology is fast and 

radioisotopes are not required in the process.  Fang and Roose (1997) recorded 99% 

reproducibility ability of ISSR on DNA samples of same cultivar grown in various 

regions, DNA extraction from old leaves and also by performing independent PCR runs.  

Another advantage of ISSR is that it uses low amount of DNA as its start material and is 
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useful to study the entire genome.  This technique is cheaper to set up in a laboratory as 

compared to the cost of microsatellites.  There are few limiting factors; ISSR cannot be 

used for detection of alleles and sequencing (Semagn et al., 2006). 

The above described various DNA fingerprinting techniques are highly considered for 

detecting mislabelled cultivars, identifying genetic similarities, tracking region of origin 

and separating varieties into groups based on molecular characterisation (Wunsch and 

Hormaza et al., 2002).  The characteristics of different DNA fingerprinting techniques 

are summarised in Table 1.6.  For this particular study microsatellites were used for 

DNA fingerprinting of Prunus varieties (peach and nectarine).  Microsatellites are PCR-

based markers and are co-dominant (heterozygotes and homozygotes can be 

distinguished) in nature hence they are extremely informative and easy to analyse due to 

simple banding patterns.  In contrast to multi-locus markers such as RAPDs, 

microsatellites are locus specific.  Microsatellites are highly polymorphic and show 

substantial patterns in a DNA sequence (Yu et al., 1999). 
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Characteristics RFLP RAPD AFLP Microsatellites ISSR 

Technique Non-PCR based PCR based PCR based PCR based PCR based 

Genome tested Low copy regions Entire genome Entire genome Entire genome Entire genome 

DNA requirement Large amount Low amount Moderate amount Low amount Low amount 

Alleles detection Positive Negative Negative Positive Negative 

Reproducibility Highly reliable Intermediate Highly reliable Highly reliable Relatively high 

Primers used cDNA clones 10bp nucleotides 

(random) 

specific sequence Specific repeat DNA 

sequence 

Specific repeat DNA 

sequence 

Sequencing Positive Negative Negative Positive Negative 

Radioactivity Use of radioisotopes Negative Sometimes used Negative Negative 

Costs High Minimal Costly Manageable cost Manageable cost 

Skill involvement Labour intensive Easy to perform Complex at start Easy to work Easy to perform 

Genetic maps Specific to species Cross specific Cross specific Species specific Cross specific 

Table 1.6  Comparison of DNA fingerprinting markers in plants. 
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1.12 Aims of the study 

i) The extraction of DNA from the exocarp, mesocarp and endocarp of the 

Prunus varieties (plum, peach and nectarine). 

DNA extraction from leaves of plant species is the preferred method of plant study.  

Leaves are relatively easy to obtain and the process of DNA extraction is reproducible 

and provides high yields.  Many techniques have been developed and there are a wide 

range of commercial kits that are available for easy DNA isolation from leaves.  A 

search of the literature demonstrates that, results for DNA extraction from the mesocarp 

(flesh) and exocarp (skin) of fruit are rare or not available.  The DNA extraction from 

these parts is difficult primarily due to inconsistencies in yield and poor reproducibility.  

The mesocarp and exocarp are main parts of a fruit with high dietary components.  The 

presence of high nutrients such as proteins, vitamins and carbohydrates may hinder 

successful extraction.  The third part of a fruit is the endocarp (hard stony).  Many 

studies (Kang et al., 1998; King and Stansfield, 1990; Helentjaris et al., 1986; 

Heckenberger et al., 2003) have been conducted on seeds (such as rice and maize) 

giving positive results leading to successful DNA extraction.  However, to date there 

have been very few studies conducted on seeds of the Prunus (Schueler et al., 2003), 

probably due to the stony nature.  The stony nature makes it hard to crack and grind the 

seed into fine powder for extraction.  Until this study was conceived there was little 

need to extract DNA from seeds, given the fact that other tissues provide a more 

convenient source of DNA.  The objective to use the DNA profile of the seed to identify 

the source of pollination is unique to this study.  Hence, a method for DNA extraction 

from seed tissue was the first priority.  The characteristics of DNA from the seed will be 

compared to those from the flesh (mesocarp) and skin (exocarp). 
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ii) Comparison of various methods of DNA extraction in terms of yield and 

A260/A280 purity ratio. 

Although various methods are available for DNA extraction, a search of the literature 

shows that, there have been no or few successful methods available for the extraction 

from fruit tissue.  DNA extraction from seeds has been achieved but it is not certain 

whether these methods would be applicable for the seeds of stone fruit.  To identify and 

select an efficient method of DNA extraction, four different techniques will be 

compared in this study.  The quality of DNA produced by each of the four methods will 

be compared on the basis of their DNA yield and A260/A280 purity ratios.  The optimum 

DNA yield is generally between 100 to 600ng/µl.  Higher yields of DNA will enable 

researchers to perform more replications of amplification cycles.  It is also known that 

DNA at higher concentrations is more stable with longer shelf-life.  The purity ratio is 

also a key component in selecting an efficient DNA extraction method.  The optimum 

range is considered to be between 1.8 and 2.1; any value outside this range may indicate 

the presence of debris or contaminants in the samples.  The presence of contaminants 

will hinder PCR amplification.  This study was also designed to establish an efficient 

technique to extract DNA from the three different parts of stone fruits. 

iii) Comparison of DNA profiles from the exocarp, mesocarp and endocarp. 

In principle, the mesocarp and exocarp are maternal in origin.  The endocarp receives 

genes donated by both the parents, which means it receives half set of chromosomes 

from the father (n, haploid set of chromosomes) and half set of the chromosomes (n, 

haploid set of chromosomes) from the mother.  The two haploid sets of chromosomes (n 

+ n) donated, results in a diploid endocarp (n + n = 2n) sharing the characteristics of 

both the parents.  The alleles obtained from analysis of the DNA profiles by Gene 

scanning will be used to determine and confirm the parents that donate DNA to the 
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three different parts of the Prunus fruit.  The objective of this study is to use DNA 

profiles of the mesocarp, exocarp and endocarp to understand the role of the pollinator 

and its contribution to the final fruit.  The working hypothesis assumes that the 

genotype of the mesocarp and exocarp is derived from the mother (flower); also the 

endocarp is the result of the union between the mother and the pollen (father).  The 

alleles present in the endocarp profile may possibly help track the DNA profile of the 

pollen.  On this assumption and the basis of inheritance pattern of the genetic material 

from the pollen, this study was set up to determine if it is possible to localise the source 

of fruit production. 

 iv)  Identification of maternal and paternal alleles to identify source of fruit. 

The analysis of DNA profiles of three parts of the Prunus fruit may allow tracking 

alleles donated by the mother (flower) and father (pollen).  It is expected that allele 

donated by the father will be present only in the endocarp.  Since this is a result of the 

fertilisation of the mother by the pollen.  The presence of the father’s allele will be an 

important distinguishing factor.  Pollinators are generally region specific.  They are 

selected on the basis that they produce the male flower, thus the pollen, in synchrony 

with the desired female flower.  Different geographical locations favour the production 

of specific pollinators. The information from the pollen will in turn enable to track its 

place of origin.  Hence these can be region specific and tracking back to its place would 

aid in forensic investigation.  The profile of pollen could provide investigators the 

location where protected plant varieties are being grown. 

v) The morphological analysis of the novel variety Nadia™ 

One of the aims of this study is to compare the morphological features of Nadia™ with 

its parents Black Amber plum and Supreme cherry.  The external characteristics of other 

Prunus varieties are also outlined.  The objective of this study is to obtain a 
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morphological profile that can assist in authentication of Nadia ™ and distinguish it 

from other Prunus varieties.  Due to time and financial constrains only morphological 

analysis was performed on the novel variety Nadia™. 
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2.1 Plant material 

A total of 14 different fruit varieties, belonging to the Prunus genus, were collected 

from various commercial markets across Perth, Western Australia.  Different varieties 

of plum, peach and nectarine were purchased.  The specific fruit varieties collected are 

summarised in Table 2.1.  The commercial names of each variety were obtained from 

the seller.  Each fruit variety was stored individually in separate sample bags and 

labelled appropriately.  The samples were stored at -20⁰C until there was an opportunity 

to process the material.  DNA extraction was performed separately on each of the three 

different parts of a fruit; the exocarp, mesocarp and endocarp.  

2.2 Sample preparation 

Before DNA extraction was performed all samples were washed thoroughly using 

sterile distilled water to remove debris and contaminants.  DNA extraction was 

performed on the exocarp (skin), mesocarp (flesh) and endocarp (seed) of three fruits of 

each variety.  The different parts of the fruit are shown in Figure 1.4.1.  Replications 

were required to test reproducibility and quality of the extracted DNA.  The exocarp 

tissue was frozen solid with liquid nitrogen and was carefully peeled using a sterile cold 

blade.  The specific tissue was subsequently ground into fine powder using a cold 

mortar and pestle. The mesocarp tissue was cut into small pieces, frozen solid with 

liquid nitrogen and also ground.  Liquid nitrogen was replenished two to three times 

during the grinding process to obtain homogenous powder.   
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Table 2.1  Fruit varieties studied using microsatellites. 

Sample 

Number 

Commercial  name  

of the variety 

Common name of 

the variety 

Species name of the 

variety 

1 Fortune Plum Prunus salicina 

2 Kelsey Plum Prunus salicina 

3 Tegan blue Plum Prunus salicina 

4 Angelina Plum Prunus salicina 

5 October sun Plum Prunus salicina 

6 Ebony sun Plum Prunus salicina 

7 Blood red Plum Prunus salicina 

8 Zee sweet white Nectarine Prunus persica 

9 Snow white Nectarine Prunus persica 

10 Grand pearl Nectarine Prunus persica 

11 Desert red Peach Prunus persica 

12 Sapa tropical Peach Prunus persica 

13 Golden queen Peach Prunus persica 

14 Ryan sun Peach Prunus persica 
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The seed samples were not used whole.  Each seed was first washed with sterile water 

to eliminate any mesocarp stuck to its surface.  The seed was then cracked open using a 

hammer (head sterilised by spraying 20% bleach).  The seed was ground using mixer 

mill for five min.  Liquid nitrogen was not used for grinding seed samples.  After 

grinding, the powder was transferred into a sterile microcentrifuge tube using a clean 

spatula.  This procedure was followed for each fruit variety prior to performing the 

DNA extraction methods outlined below. 

2.3 DNA extraction methods 

Various DNA extraction methods were tested to identify the method that would give 

adequate quantity and quality of DNA for the exocarp, mesocarp and endocarp.   

2.3.1 CTAB extraction  

Cetyl Trimethyl Ammonium Bromide (CTAB) was the first method used (Doyle and 

Doyle, 1987; Quarta et al., 1996).   One gram of material was placed into 1,000µl of 

CTAB buffer, immediately after addition of 0.2% β-Mercaptoethanol and incubated at 

65°C for 60 min with frequent agitation.  The samples were centrifuged for 10 min at 

13,000 rpm at room temperature.  Subsequently, 500µl of Chloroform was added to the 

supernatant and centrifuged again for 10 min at 13,000 rpm.  In the next step 500µl of 

supernatant was collected and an equal amount of cold isopropanol (-20°C) was added. 

The samples were incubated overnight at -20°C.  The samples were centrifuged at 

13,000 rpm for 15 min and the supernatant was discarded, leaving behind the DNA 

pellet. The pellet was washed twice with 1,000µl of cold 70% ethanol.  The pellet was 

air dried for 10 min and resuspended in 100µl of TE buffer (pH 8.0). 
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2.3.2 Phenol-Chloroform extraction 

 The second method was Phenol-Chloroform extraction and performed as follows (Kang 

and Yang, 2004): one gram of material was placed into 500µl of cell lysis buffer with 

50µl 20% Sodium Dodecyl Sulphate (SDS) and 10µl Proteinase K. The solution was 

incubated at 65°C for 60 min.  After completion of the incubation step, 

Phenol:Chloroform:Isoamyl alcohol (25:24:1) was added.  This step was repeated twice.  

Subsequently, 500µl of Chloroform was added to the supernatant and centrifuged at 

13,200 rpm for three min.  The supernatant was collected and 1,000µl of 100% ethanol 

was added. The samples were incubated at -20°C for 30 min and centrifuged at 13,200 

rpm for 10 min.  The supernatant was discarded and the pellet obtained was washed 

twice with 1,000µl of 70% ethanol.  The DNA pellet of each sample was resuspended in 

100µl of TE buffer (pH 8.0). 

2.3.3 CTAB and Phenol-Chloroform extraction 

The third technique of extraction was a combination of the CTAB and the Phenol-

Chloroform extraction. In this method one g of material was placed in 500µl of cell lysis 

buffer.  Subsequently, 500µl of CTAB buffer along with 50µl 20% SDS, 10µl 

Proteinase K and 0.2% β-Mercaptoethanol were added just before placing the material.  

The sample was incubated for 60 min and the Phenol Chloroform extraction protocol 

was performed as described above. 

2.3.4 Commercial kit: Plant DNAzol® reagent by Invitrogen 

The fourth technique was a commercially available kit; Plant DNAzol® reagent by 

Invitrogen (Cat # 10978-021).  In this method, the samples were first ground using a 

cold mortar and pestle with the aid of liquid Nitrogen.  One gram of powder was 

transferred into sterile microcentrifuge tubes.  Subsequently, 300µl of Plant DNAzol® 
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was added to the plant tissue.  The solution was mixed thoroughly by gentle inversion 

and incubated at 25⁰C with shaking for five min.  In the next step, 300µl of chloroform 

was added, mixed vigorously and placed in a shaking incubator for an additional five 

min at 25⁰C.  The tubes were centrifuged at 12,000 rpm for 10 min.  The resulting 

supernatant was transferred to a new sterile tube.  After centrifugation, 225µl of 100% 

ethanol was added to precipitate the DNA.  The samples were mixed thoroughly and 

centrifuged at 12,000 rpm for four min.  The supernatant was transferred to a new tube 

for DNA wash.  Plant DNAzol®-ethanol wash was prepared by mixing 1 volume of 

Plant DNAzol® to 0.75 volume of 100% ethanol.  Subsequently, 300µl of the DNA 

wash solution was added to the supernatant and mixed well by vortexing.  The samples 

were stored for five min at room temperature and centrifuged at 12,000 rpm for four 

min.  The supernatant was discarded completely and the DNA pellet from each sample 

was air dried. The DNA pellet of every sample was finally dissolved in 70µl of TE 

buffer (pH 8.0).   

2.4 Quantitation of DNA 

After extraction the concentration and A260/A280 ratio of each sample was determined 

using a Nanodrop® ND-1000 spectrophotometer (Biolab, Australia) measuring the light 

absorbance. 

2.5 Primers 

Six set of labelled primers (5' end attached with fluorescent dye) for microsatellites 

were selected for amplification of cultivated plum, nectarine and peach DNA.  These 

primer combinations were originally developed for peach SSR loci (Wang et al., 2002; 

Testolin et al., 2000, Dirlewanger et al., 2002) and represent different regions of the 

peach genome.  The primers have been mapped on a genetic map (except Pchgms 20 F1 
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and F2) and relate to certain phenotypic characters. The primer Pchgms 12 is mapped 

around the locus of ever-growing gene region, the BPPCT 026 primer reflect the non-

acid fruit character, the primer UDP96 003 relate to blooming date and the UDP96 015 

primer transmit the fruit skin colour (Wang et al., 2002; Dirlewanger et al., 2004; 

Ogundiwin et al., 2009).  The primers were purchased from Geneworks, Australia.  The 

primer sequences and other relevant information are summarised in Table 2.2.   

2.6 Polymerase Chain Reaction (PCR) by using Microsatellites 

DNA obtained from the exocarp, mesocarp and endocarp of each fruit variety were used 

for PCR amplification.  Each PCR reaction was performed in a total volume of 20µl 

containing 2µl of 10 x PCR buffer (10 mM Tris-HCl), 2µl of 2.5mM of MgCl2,     2µl 

of 0.2mM of each dNTP (Fisher Biotec, Australia), 2µl of 0.2µM of labelled forward 

primer and unlabelled reverse primer (Geneworks, Australia), 1 unit of Taq polymerase 

(Fisher Biotec, Australia) and 80ng of genomic DNA.   

The PCR was performed in Bio-rad iCycler (Biorad, Chicago IL, USA) using the 

following temperature profile for all primers: denature at 95⁰C for 4min, then 35 cycles 

of (94⁰C for 45s, gradient annealing temperature 47⁰C to 57⁰C for 45s, and 72⁰C for 1 

min), with a final extension at 72⁰C for 8 min.  The products of PCR were run on 1% 

agarose gel stained with 6µl Ethidium Bromide in 0.5x TBE buffer (45mM Tris, 45mM 

Boric acid and 1mM EDTA).  The samples were run at 80 volts for one hour. The gels 

were then visualised under the Ultraviolet light box prior to analysis by Genescan.  A 

100bp DNA ladder from Promega (Madison WI, USA) was used as a reference for size 

detection. 
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Table 2.2  Microsatellite primer sequence information used in the study of stone fruit varieties. 

SSR Locus Primer Sequence (5'→3') Repeat Motif Size range 
(bp) 

Length 
(bp) 

Modification Phenotypic 
character 

Reference 

Pchgms 12 CGA CAC TTA GCT AGA AGT 
TGC CTT A TCA AGC TCA AGG 
TAC CAG CA 

(CT)9(TC)20(CA)9 448-490 433 6-FAM Ever 
growing  

Wang et al., 
(2002) 

Pchgms 20 
F1 

AAT TGC ATC ACA GCA AGA GC 
GGG GGT TTG GTT AAG ATC G 

(TA)15(TC)11 249-267 252 TET Mapping 
data NA 

Wang et al., 
(2002) 

Pchgms 20 
F2 

CCC TTA CCC CCT TAC CAC TT 
GGG GGT TTG GTT AAG ATC G 

(TA)15(TC)11 540-580 560 TET Mapping 
data NA 

Wang et al., 
(2002) 

BPPCT 026 ATA CCT TTG CCA CTT GCG TGA 
GTT GGA AGA AAA CGT AAC A 

(AG)8GG(AG)6 142-162 134 HEX Non-acid 
fruit 

Dirlewanger 
et al., (2002) 

UDP96-003 TTG CTC AAA AGT GTC GTT GC 
ACA CGT AGT GCA ACA CTG GC 

(CT)11(CA)28 124-144 143 TET Blooming 
date 

Testolin et 
al., (2000) 

UDP96-015 CCT TGA CCT ATT TGT TCG TCA 
ACT AGT CAA ACA ATC CCC CG 

(CA)31 144-178 174 6-FAM Fruit skin 
colour 

Testolin et 
al., (2000) 
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2.7 Genescan of PCR products to determine the allele size 

The amplified PCR products were sent to Royal Perth Hospital (RPH) for Genescan 

analysis.  The samples were diluted 1:30-1:50 prior to analysis.  The dilution range was 

decided depending on the concentration estimated by the visual intensity on agarose gel.  

The results obtained were then analysed by Peak Scanner Version 1.0 Software 

(Applied Biosystems, Foster City CA, USA). The peaks obtained after analysis by 

software were observed.  The similarities and differences between and within fruit 

varieties were analysed. 
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3.1 Comparison of DNA extraction methods 

In this project, DNA extraction was performed on stone fruit varieties belonging to the 

Prunus genus.  The stone fruits used in the study were varieties of plum, peach and 

nectarine (refer to Table 2.1 for specific varieties).     

One of the aims of this study was to compare various methods of DNA isolation with 

respect to the DNA yield and quality (see Tables 3.1 and 3.2).  DNA quality was 

checked by measuring the A260/A280 absorbance ratio by a Nanodrop® ND-1000 

spectrophotometer (Biolab, Australia).  The success of DNA extraction depends on the 

DNA quality and its ability to allow amplification.  The spectral absorption ratio gives 

information on the purity of the DNA sample.   

3.1.1 CTAB extraction  

The first method used for DNA extraction was the CTAB extraction method.  This 

DNA isolation technique gave DNA yields that ranged from 100 to 800ng/µl (see Table 

3.1).  The A260/A280 ratio was adequate; ranging 1.8 to 2.2 (optimum range of purity is 

1.8 to 2.1, see Table 3.2).  The DNA pellet obtained was white in colour and did not 

appear to contain any coloured impurities.  The addition of pre-warmed CTAB solution 

reduces the time in bringing the tissue sample from very low temperature (as liquid 

Nitrogen was used for grinding) to 65⁰C.  PCR amplifications performed on DNA 

samples extracted from the three tissues using this method were successful.  However, 

no bands were observed for the plum varieties on agarose gel.  Unsuccessful PCR 

amplification of plum varieties could be possibly due to presence of compounds such as 

proteins and polysaccharides which are difficult to remove (Wilkie et al., 1993).  The 

microsatellites selected for this study were developed from peach.  These microsatellites 

could possibly be incompatible for the amplification of DNA from the plum varieties.
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 Table 3.1   

 

Variety name Section of fruit 
analysed 

CTAB extraction 
(ng/µl) 

 

Phenol-Chloroform 
with SDS (ng/µl) 

Phenol-Chloroform 
with CTAB (ng/µl) 

Plant DNAzol® 
(ng/µl) 

 

Blood red plum 

Endocarp 465.3 330.5 265.7 12.0 

Mesocarp 165.6 174.4 170.1 8.9 

Exocarp 308.9 101.2 120.8 15.6 

 

Angelina plum 

 

Endocarp 726.8 400.5 266.5 24.5 

Mesocarp 286.5 116.8 237.2 16.8 

Exocarp 540.9 152.6 240.0 30.1 

 

Ryan sun peach 

Endocarp 413.2 270.4 286.7 14.0 

Mesocarp 234.5 118.2 201.1 19.9 

Exocarp 108.9 104.9 132.3 25.8 

 

Snow white nectarine 

Endocarp 529.9 483.1 203.2 36.6 

Mesocarp 527.5 304.0 194.6 30.1 

Exocarp 308.9 206.3 106.7 49.5 

Comparison of DNA yield (ng/µl) from four extraction methods on the Prunus varieties shows the insufficient DNA yield 

obtained by using the commercial kit (Plant DNAzol®). 
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Variety name Section of fruit 
analysed 

CTAB extraction 
(A260/A280) 

 

Phenol-Chloroform-
SDS (A260/A280) 

Phenol-
Chloroform-CTAB 

(A260/A280) 

Plant DNAzol® 
(A260/A280) 

 

Blood red plum 

Endocarp 2.15 1.35 1.58 1.34 

Mesocarp 2.1 1.32 1.49 1.42 

Exocarp 2.14 1.5 1.66 1.22 

 

Angelina plum 

 

Endocarp 2.14 1.45 1.69 1.20 

Mesocarp 2.12 1.65 1.42 1.59 

Exocarp 2.05 1.70 1.49 1.60 

 

Ryan sun peach 

Endocarp 1.91 1.39 1.40 1.36 

Mesocarp 1.82 1.56 1.55 1.45 

Exocarp 1.89 1.43 1.49 1.29 

 

Snow white nectarine 

Endocarp 1.91 1.63 1.50 1.41 

Mesocarp 2.03 1.44 1.59 1.58 

Exocarp 2.16 1.57 1.46 1.23 

 Comparison of DNA quality (A260/A280) obtained by four extraction methods on the Prunus varieties shows the purity values 

in the range 1.8 to 2.2 obtained by using the CTAB extraction method (optimum range 1.8 to 2.1) 

Table 3.2 
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3.1.2 Phenol-Chloroform extraction  

The second DNA isolation method was the Phenol-Chloroform using 1g of the sample.  

The yield per sample was between 100 and 600ng/µl (see Table 3.1).  The A260/A280 was 

in the range of 1.3 to 1.7 (see Table 3.2).  The low spectral absorption value and brown 

coloured DNA pellet obtained indicated presence of impurities.  The bands appeared to 

be very faint when observed on the gel.  Due to the suspected presence of contaminants, 

it was not surprising that the samples (peach and nectarine, no amplification for plum 

DNA) extracted by this method gave very low signal during Genescan.  Due to the low 

signal the allelic sizes could not be calculated.  Consequently the Phenol-Chloroform-

SDS protocol was seemed to be inadequate. 

3.1.3 CTAB and Phenol-Chloroform extraction  

The third method was a modified Phenol-Chloroform extraction method.  The Phenol-

Chloroform uses a SDS buffer during the lysis step; the modification was that the SDS 

buffer was replaced with the CTAB buffer.  The extraction process involves various 

steps; breaking of cell wall, releasing the cellular content, disruption of cell membrane 

and dispersion of DNA.  This entire process can be achieved in a microcentrifuge tube 

by using detergents such as SDS and CTAB.  The CTAB method is preferred over the 

method using SDS as the former can remove polysaccharides more efficiently compared 

to the latter (Murray and Thompson, 1980).  Hence, it is appropriate to replace SDS 

with CTAB buffer.  However, the DNA yield results of this method were similar to the 

extraction performed by using SDS buffer.  The A260/A280 ratios were between 1.4 and 

1.7, low purity levels observed (See Table 3.2).  This method resulted in no bands by 

PCR amplification for any fruit variety. 
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3.1.4 Commercial kit: Plant DNAzol® reagent by Invitrogen 

The last method of extraction was a commercially sold kit known as Plant DNAzol® 

reagent by Invitrogen (Cat # 10978-021).  This method was performed according to the 

instructions provided with the kit.  DNA yield and quality obtained was low as 

compared to above three methods (see Tables 3.1 and 3.2).  The yield was between 8 

and 50ng/µl per sample and A260/A280 ratios between 1.2 and 1.6 (see Table 3.2).  The 

DNA pellet observed after the completion of extraction was dark brown in colour.  This 

result was consistent with all other samples.  PCR amplification results of all three types 

of tissue extracted by this method were negative. 

On the basis of the comparisons of these results, the CTAB method was chosen as the 

preferred method for remainder of the study.  DNA was extracted from the exocarp, 

mesocarp and endocarp of each fruit variety by the CTAB method.  The extraction was 

performed three times separately to check the reproducibility of the CTAB method (see 

Table 3.3).  Statistical analysis of reproducibility was also calculated using SPSS 

statistical program.  The Cronbach’s alpha and Interclass Correlation (ICC) were 

calculated for the DNA yield as well as DNA purity.  The Cronbach’s alpha and ICC 

are used to assess reproducibility, regularity or validity of quantitative measurements 

(Muller and Buttner, 1994).  The Cronbach’s alpha values were 0.995 and 0.975 for 

DNA yield and purity respectively (closer the value to 1 indicates higher 

reproducibility).  The ICC values obtained were 0.987 and 0.915 for DNA yield and 

purity respectively.  It can be observed that even the ICC values are very close to 1, 

therefore higher reproducibility.  Hence based on the values it can be stated that the 

CTAB extraction method is likely to give better results than compared to other methods.
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Variety name 

 

Section of 
fruit analysed 

First set of DNA extraction Second set of DNA extraction Third set of DNA extraction 

DNA yield 
(ng/µl) 

 

DNA purity 
(A260/A280) 

 

DNA yield 
(ng/µl) 

 

DNA purity 
(A260/A280) 

 

DNA yield 
(ng/µl) 

 

DNA purity 
(A260/A280) 

 

 

Angelina plum 

 

Endocarp 465.3 2.15 470.2 2.17 465.6 2.14 

Mesocarp 165.6 2.1 172.5 2.04 168.1 2.08 

Exocarp 308.9 2.14 398.9 2.16 322.5 2.11 

 

Ryan sun 
peach 

Endocarp 726.8 2.14 689.7 2.1 715.9 2.12 

Mesocarp 286.5 2.12 300.1 2.15 285.2 2.0 

Exocarp 540.9 2.05 560.5 1.98 544.5 1.95 

 

Snow white 
nectarine 

Endocarp 529.9 1.91 498.4 1.89 510.4 1.9 

Mesocarp 527.5 1.82 510.6 1.86 525.1 1.83 

Exocarp 308.9 1.89 319.3 1.82 324.6 1.84 

 DNA extraction preformed three times from different fruit tissues to check the reproducibility of the CTAB extraction 

method in terms of the DNA yield (optimum range 100 to 600ng/ µl) and A260/A280 purity ratio (optimum range 1.8 to 2.1). 

Table 3.3 
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3.2 Comparison of Genescan Results 

After completing the DNA extraction process, the samples were amplified using 

microsatellite primers.  Six different set of microsatellites with fluorescent dye at the 

5'end were used.  The primers were labelled allowing the PCR products to be 

interrogated on the ABI 3730 sequencer.  Polymorphic microsatellites were used to 

study the Prunus varieties described by Wang et al. (2002); Testolin et al. (2000) and 

Dirlewanger et al. (2002).  Previous studies have shown differences in the lengths of 

short tandem repeats at the particular locus.   

The primers selected for this study were: Pchgms 12, Pchgms 20 F2, Pchgms 20 F1, 

BPPCT 026, UDP96-003 and UDP96-015.  Every sample (the exocarp, mesocarp and 

endocarp of each variety) was amplified using all microsatellites separately.  Genescan 

results were obtained for all peach and nectarine varieties as amplification for plum 

varieties was unsuccessful.  There are many possible reasons for unproductive PCR 

amplification of plum varieties, firstly the primers used in this study were developed for 

peach SSR loci and hence may not be specific for the plum varieties.  Secondly, there 

could be presence of debris and contaminants that were not removed during extraction 

process.    

 In principle the mesocarp and exocarp are generally maternal in origin.  The working 

hypothesis also assumes that the endocarp carries genes passed on by mother (flower) 

and father (pollen).  Out of the six primers used, three (Pchgms 12, Pchgms 20 F2, 

Pchgms 20 F1) gave informative results, two (BPPCT 026 and UDP96-003) showed no 

evidence of polymorphism and one primer (UDP96-015) highlighted the aim of this 

study in only one fruit (See Table 3.4.1 and 3.4.2).   

In plants the maternal component is a flower and the paternal component is the pollen.  

Diversity in plant species is possible due to cross-pollination.  Pollen is carried and 
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transferred by various pollinating agents such as wind, water, insects and mammals.  

Due to cross-pollination the male and female gametes fuse inside the ovary of a flower.  

Each fertilised ovule develops into seed or endocarp.  This suggests that seed will 

probably contain genes donated by both the parents.  Fruits develop from the ovary wall 

and other flower parts as well.  Since the development of fruit (the mesocarp and 

exocarp) requires no male gamete, it is most likely to have a genotype similar to that of 

the mother.  Hence the genotype of the mesocarp and exocarp are expected to be 

identical.  The highlighted alleles in Tables 3.4.1 and 3.4.2 shown are most likely 

donated by the father.  Each microsatellite is subsequently discussed separately with the 

aid of electrophoretogram outputs from the Genescanner software.   
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Variety name Section of fruit 
analysed 

Primer Pchgms 
12 

Primer Pchgms 
20 F2 

Primer Pchgms 
20 F1 

Primer BBPCT 
026 

Primer UDP96- 
003 

Primer UDP96-
015 

 

Ryan sun peach 

Endocarp 426, 428 553, 559 248, 252 128, 128 118, 118 168, 168 

Mesocarp 428, 428 559, 559 252, 252 128, 128 118, 118 168, 168 

Exocarp 428, 428 559, 559 252, 252 128, 128 118, 118 168, 168 

 

Desert red peach 

 

Endocarp 426, 428 557,559 248, 252 129, 129 120, 120 168, 168 

Mesocarp 428, 428 559, 559 244, 252 129, 129 120, 120 168, 168 

Exocarp 428, 428 559, 559 244, 252 129, 129 120, 120 168, 168 

 

Sapa tropical 
white peach 

Endocarp 430, 432 557, 559 246, 248 129,129 120, 120 168, 168 

Mesocarp 432, 432 559, 559 248, 252 129, 129 120, 120 168, 168 

Exocarp 432, 432 559, 559 248, 252 129, 129 120, 120 168, 168 

 

Golden queen 
peach 

Endocarp 426, 428 553, 559 250, 252 128, 128 118, 118 168, 168 

Mesocarp 428, 428 559, 559 252, 252 128, 128 118, 118 168, 168 

Exocarp 428, 428 559, 559 252, 252 128, 128 118, 118 168, 168 

The results obtained by Genescan from different microsatellites in the Prunus varieties shows the relationships between the 

different parts of the fruit.  The profiles of the mesocarp and exocarp are similar in all cases.  The profile of the endocarp 

differs from the mesocarp and exocarp for all varieties.  The highlighted alleles are assumed to be donated by the father 

(pollen) and hence seen only in the endocarp profiles.   

 

Table 3.4.1 
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Table 3.4.2  Continuation. 

 

Variety name Section of fruit 
analysed 

Primer Pchgms 
12 

Primer Pchgms 
20 F2 

Primer Pchgms 
20 F1 

Primer BBPCT 
026 

Primer UDP96-
003 

Primer UDP96- 
015 

 

Snow white 
nectarine 

Endocarp 426, 428 553, 559 242, 248 129, 129 120, 120 171, 171 

Mesocarp 428, 428 559, 559 248, 252 129, 129 120, 120 171, 171 

Exocarp 428, 428 559, 559 248, 252 129, 129 120, 120 171, 171 

 

Grand pearl 
nectarine 

Endocarp 426, 428 551, 553 242, 252 129, 129 120, 120 169, 173 

Mesocarp 428, 428 553, 553 244, 252 129, 129 120, 120 169, 169 

Exocarp 428, 428 553, 553 244, 252 129, 129 120, 120 169, 169 

 

Zee sweet white 
nectarine 

Endocarp 426, 428 553, 559 244, 252 129, 129 120, 120 173, 173 

Mesocarp 428, 428 559, 559 242, 252 129, 129 120, 120 173, 173 

Exocarp 428, 428 559, 599 242, 252 129, 129 120, 120 173, 173 
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3.2.1 Genescan results obtained by using microsatellite Pchgms 12 

All the varieties of peach and nectarine were studied using Pchgms 12 microsatellite.  

The endocarp DNA profiles of six varieties were heterozygous with alleles 426 and 428, 

except for Sapa tropical white peach (see Tables 3.4.1 and 3.4.2).  The DNA profiles of 

the mesocarp and exocarp of all varieties were same (except Sapa tropical white peach), 

containing only one allele 428.  The 428 was the common allele shared by all the 

samples and the 426 allele was found only in the endocarp samples.  The development 

of fruit is achieved by cross-pollination where the endocarp receives genes from each 

parent.  The presence of the 426 allele only in the endocarp suggests that it was 

probably donated by the father (pollen).  The 428 allele present in both the mesocarp 

and exocarp samples supports the principle of their maternal origin.  In Sapa tropical 

white peach the endocarp DNA profile is heterozygous with alleles 430, 432 (see Table 

3.4.1).  The DNA profiles of the mesocarp and exocarp is homozygous with only one 

allele, 432.  Sapa tropical white peach shares the same principle of inheritance as the 

other six varieties of stone fruits.  The presence of the 430 allele only in the endocarp 

profile suggests its probable donation by the father.  The 432 allele observed in the 

mesocarp and exocarp DNA profiles was most likely passed on by the mother.  The 

DNA profile of the three sections of Ryan sun peach amplified by Pchgms 12 

microsatellite is given in Figure 3.1.1   
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Profile of endocarp (426, 428) 

 

Profile of mesocarp (428, 428) 

 

Profile of exocarp 

(428,428)

 

      

 

 

 

The endocarp DNA profile of the Ryan sun peach variety generated by 

microsatellite Pchgms 12. It shows the probable contribution of the 426 

allele from pollen (top panel).  The DNA profile from the mesocarp and 

exocarp (middle and bottom panel respectively) were similar.  Specifically 

the tissues showed a homozygous pattern with an allele at 428 bp.  DNA 

profile from the endocarp showed a heterozygous pattern (426, 428).  

Presumably, the 428 allele was inherited from the mother (flower) and the 

426 allele from the father (pollen). 

Figure 3.1.1 
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3.2.1 (a) Presence of an artefact in all the endocarp samples amplified by 

Pchgms 12 

Genescan results obtained by using the microsatellite Pchgms 12 showed presence of an 

addition peak at 394bp in the endocarp profiles of all fruit varieties.  The repetitive 

occurrence of this allele suggests that it is most likely to be an artefact.  This particular 

peak was not observed in any of the mesocarp or exocarp samples amplified by the 

Pchgms 12 microsatellite.  Figure 3.1.2 shows the presence of an artefact peak at 394bp 

in all the endocarp profiles of different varieties. 
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Endocarp profile of Ryan sun peach 

 

Endocarp profile of Desert red peach 

 

Endocarp profile of Sapa tropical white peach 

 

Figure 3.1.2   

 

 

 

Presence of an artefact peak at 394bp in all the endocarp samples 

amplified by the microsatellite Pchgms 12.   
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Endocarp profile of Golden queen peach 

Endocarp profile of Snow white nectarine 

Endocarp profile of Grand pearl nectarine 

Endocarp profile of Zee sweet white nectarine 

 

Figure 3.1.2  Continuation. 
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3.2.2 Genescan results obtained by using microsatellite Pchgms 20 F2 

Pchgms 20 F2 microsatellite supports the principle of fertilisation by cross-pollination. 

The inheritance pattern observed in Ryan sun peach, Golden queen peach, Snow white 

nectarine and Zee sweet white nectarine was identical.  The endocarp profile of these 

varieties showed presence of two alleles 553, 559 (see Tables 3.4.1 and 3.4.2).  The 

allele 559 was seen in the mesocarp and exocarp DNA profiles.  This suggests that the 

559 allele was probably donated by the mother, as mesocarp and exocarp are assumed 

to be maternal in origin (see Tables 3.4.1 and 3.4.2).  The presence of single allele 

indicates the homozygous character of the mother, mesocarp and exocarp.  The allele 

553 was observed only in the endocarp DNA profile.  This allele was most likely 

donated by the father or pollen, therefore, was not seen in the homozygous samples.  

The endocarp, mesocarp and exocarp DNA profiles of Golden queen peach are shown 

in Figure 3.2 (the yellow peaks observed are internal standards for reference).     

However, the DNA profiles of Desert red peach and Sapa tropical white peach were 

different from the ones explained above.  In these fruits the endocarp was heterozygous 

containing 557, 559 alleles (see Tables 3.4.1 and 3.4.2).  The mesocarp and exocarp 

samples were homozygous with one allele, 559 (see Tables 3.4.1 and 3.4.2).  This gives 

a probability that the 557 and 559 alleles were donated by the father and mother 

respectively.  The last variety studied was Grand pearl nectarine which showed 

presence of 551 and 553 alleles in the DNA profile of endocarp (see Table 3.4.2).  The 

mesocarp and exocarp were homozygous, having one allele, 553, in their profile.  The 

allele 551 was seen only in the endocarp and hence assumed that it was donated by the 

father (pollen).  The mesocarp and exocarp showed the 553 allele in their profiles, most 

likely passed on by the mother (as according to the principle these parts are maternal in 

origin). 



85 
 

Profile of endocarp (553, 559) 

 

Profile of mesocarp (559, 559) 

 

Profile of exocarp (559, 559) 

 

Figure 3.2            

 

 

 

 

 

 

  

The Genescan profile for Golden queen peach generated by Pchgms 

P20 F2 microsatellite. It shows the presence of the 553 allele in the 

endocarp sample.  The DNA profiles from the mesocarp and exocarp were 

identical.  The samples showed the presence of one allele at 559bp, hence 

homozygous.  Heterozygous pattern was observed in the endocarp sample 

with two allele peaks at 533, 559.  It is most likely that the 559 allele was 

passed on by the maternal parent and 553 allele contributed by the 

paternal parent or pollen.  
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3.2.3  Genescan results obtained by using microsatellite Pchgms 20 F1 

The Pchgms 20 F1 microsatellite was successful in detecting polymorphism in all the 

samples.  Interestingly, this microsatellite gave different Genescan results for each fruit 

variety.  The endocarp profile of Ryan sun peach showed 248, 252 alleles (see Table 

3.4.1).  The mesocarp and exocarp samples of this variety were homozygous with only 

one allele, 252.  The occurrence of the 252 allele in all three samples suggests its 

probable inheritance from the mother (see Table 3.4.1).  This is also true as principally 

mesocarp and exocarp are maternal in origin.  The 248 allele was observed only in the 

endocarp, hence presumably donated by the father (as endocarp receives genes from 

both the parents).   

In Desert red peach, the endocarp sample showed two alleles 248, 252.  The mesocarp 

and exocarp also showed two alleles 244, 252 (see Table 3.4.1).  Hence all the samples 

analysed were heterozygous.  The 248 allele observed only in the endocarp profile 

suggests that it was probably donated by the father.  The inheritance of the 252 allele in 

all the three sections of the fruit was most likely passed on by the mother.  The mother 

also donated the 244 allele as it was seen only in the mesocarp and exocarp profiles.   

The next variety, Sapa tropical white peach showed peaks at 246bp and 248bp in the 

endocarp profile (heterozygous profile).  The mesocarp and exocarp were also 

heterozygous having 248, 252 alleles (see Table 3.4.1).  It was observed that 248 allele 

was present in all samples.  This pattern of inheritance suggests that the 248 allele was 

probably donated by the mother during fertilisation.  Also, the 252 allele was most 

likely inherited from the mother as it was present in the sections of maternal origin (the 

mesocarp and exocarp).  The 246 allele was present only in the endocarp DNA profile, 

therefore most likely passed on by the father.  Golden queen peach exhibited two alleles 

in the endocarp profile; 250, 252 and one allele (252) in the exocarp and mesocarp (see 
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Table 3.4.1).  The observation of these DNA profiles indicates that the 250 and 252 

alleles were probably donated by the father and mother respectively.   

The next variety, Snow white nectarine, had 248, 252 alleles in the exocarp and 

mesocarp profiles, on the other hand, the 242 and 248 alleles were present in the 

endocarp profile (see Table 3.4.2).  The 242 allele present only in the endocarp profile 

presumably came from the father.  The 248 allele was observed in all the profiles 

suggest that it was probably donated by the mother.  The mother also passed on the 252 

allele, as it was observed in the mesocarp and exocarp.  The DNA profiles of the three 

sections of the Snow white nectarine are given in Figure 3.3 (the yellow peaks observed 

are internal standards for reference).   

In the Grand pearl nectarine, the alleles 242, 252 were seen in the endocarp.  The 

mesocarp and exocarp were heterozygous and showed presence of 244, 252 alleles (see 

Table 3.4.2).  Presumably, the 242 was inherited from the father as it was visible only in 

the endocarp DNA profile (in principle endocarp profile is combination of genotypes 

from both parents).  The 244 allele observed in the mesocarp and exocarp profiles 

suggest that it was donated by the mother (as these sections are assumed to be maternal 

in origin).  The 252 allele present in all the samples was most likely donated by the 

mother.   

The last fruit, Zee sweet white nectarine had similar pattern. The endocarp profile 

illustrated inheritance of 244, 252 alleles.  The mesocarp and exocarp shared a common 

profile having 242, 252 alleles (see Table 3.4.2).  The occurrence of the 252 allele in all 

three samples suggests the allele probably came from the mother, also the 242 allele 

present in the mesocarp and exocarp suggest its inheritance from the mother.  It is most 

likely that the 244 allele was donated by the father as it was observed only in the 

endocarp profile.   
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Profile of endocarp (242, 248) 

 

Profile of mesocarp (248, 252) 

 

Profile of exocarp (248, 252) 

 

Figure 3.3   

 

 

 

 

 

 

 

The endocarp DNA profile obtained by microsatellite P20 F1 of Snow 

white nectarine. It shows heterozygous pattern with two prominent allele 

peaks at 242, 248 bp. The mesocarp and exocarp showed similarities in 

their profile and exhibited heterozygous pattern as well (248, 252).  

Comparing all the three profiles, it is most likely that the allele at 242bp 

was donated by father (pollen).  The alleles at 248, 252bp presumably 

passed on by the maternal parent (heterozygous). 
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3.2.4  Genescan results obtained by using microsatellite BPPCT 026 

The DNA profiles of different samples obtained by using the BPPCT 026 SSR primer 

were identical.  An example in Figure 3.4 shows that there were no factors of 

differentiation present between the samples.  The yellow peaks seen in the panels are 

internal standards and thus provide reference.  All the samples amplified by this 

microsatellite had 128, 128 or 129, 129 single fragments (see Tables 3.4.1 and 3.4.2).  

This primer did not provide any informative data for this study. 
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Profile of endocarp (129, 129) 

 

Profile of mesocarp (129,129) 

 

Profile of exocarp (129, 129) 

 

Figure 3.4       

 

 

 

 

 

The Genescan results for Sapa tropical white peach shows that 

profiles of the endocarp, mesocarp and exocarp are identical.  Only 

one allele is found to be present on 129 bp.  These profiles suggest that the 

samples are homozygous and more likely a result of self-pollination or 

BPPCT 026 microsatellite was not able to detect polymorphism 

phenomenon. 
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3.2.5  Genescan results obtained by using microsatellite UDP96 - 003 

The UDP96-003 microsatellite gave similar results as the BPPCT 026 microsatellite.  

The microsatellite was unable to detect the polymorphism levels in this study.  The 

three sections of fruit variety studied had either 120, 120 or 118, 118 homozygous 

profile. The endocarp, mesocarp and exocarp shared the same DNA profiles (see Tables 

3.4.1 and 3.4.2). An example of the inheritance pattern observed in samples by using 

UDP96-003 microsatellite is given in Figure 3.5 (yellow peaks are internal standards 

used as a reference point). 
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Profile of endocarp (120, 120) 

 

Profile of mesocarp 

(120,120)

 

Profile of exocarp (120, 120) 

 

Figure 3.5.     

 

 

 

 

The Genescan DNA profiles for Zee sweet white nectarine produced by 

UDP96-003 microsatellite. It shows the presence of only one allele at 120 

bp.  This could possibly mean that the endocarp, mesocarp and exocarp are 

all homozygous and more likely a result of self-pollination or UDP96-003 

microsatellite was not able to detect polymorphism phenomenon. 
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3.2.6  Genescan results obtained by using microsatellite UDP96-015 

The UDP96-015 primer gave identical results for all fruit varieties except for Grand 

peal nectarine.  In this fruit, it was possible to say that the fertilisation most likely 

occurred by cross-pollination.  The endocarp profile showed presence of two alleles 

169, 173 (see Table 3.4.2).  The allele 169 was seen in the mesocarp and exocarp DNA 

profiles.  This suggests that the 169 was probably donated by the mother, as mesocarp 

and exocarp are assumed to be maternal in origin (see Table 3.4.2).  The presence of 

single allele indicates the homozygous character of the mother, mesocarp and exocarp.  

The allele 173 was observed only in the endocarp DNA profile.  This allele was most 

likely inherited from the father or pollen, therefore, was not seen in the homozygous 

samples.  The DNA profiles of the endocarp, mesocarp and exocarp of Grand pearl 

nectarine are shown in Figure 3.6 (yellow peaks are the internal standards).  All the 

other fruit varieties showed no variations in their profiles.  All the peach varieties were 

homozygous with only one allele, 168, present in the endocarp, mesocarp and exocarp 

profiles.  The profiles of different parts of the two varieties of nectarine; Snow white 

and Zee sweet white had 171 and 173 alleles respectively (see Tables 3.4.1 and 3.4.2).  

UDP96-015 microsatellite was not very informative as out of seven varieties it gave 

results for just one variety.  However, this microsatellite could possibly be used for 

further study after appropriate modifications. 
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Profile of endocarp (169, 173) 

 

Profile of mesocarp (169, 169) 

 

Profile of exocarp (169, 169) 

 

Figure 3.6     

 

 

 

 

 

The Genescan profile of extracted DNA from Grand pearl nectarine. It 

shows the inheritance of the 173 allele in the endocarp.  Similar mesocarp and 

exocarp DNA profiles were obtained.  Distinctively the tissues showed a 

homozygous pattern with one allele at 169bp.  The endocarp showed a 

heterozygous pattern with two allele peaks (169, 173).  Probably the 169 was 

inherited from the mother plant and the 173 allele was donated by the father or 

pollen. 
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3.3 Reasons for occurrence of homozygous allele and stutter peak in the 

samples 

The presence of homozygous allele in most of the samples is explained with an example 

in Figure 3.7. In Ryan sun peach, the endocarp showed presence of 553, 559 alleles.  

The mesocarp and exocarp DNA profile had 559, X allele.  In previous explanations it 

was assumed that X was a homozygous allele.  It was also assumed that all single peaks 

were homozygous.  However this is not true all the time, as there is room for 

exceptions.  A homozygous sample with one peak has various explanations.  The X 

could be a new allele which is undetectable by the PCR; hence further optimisation 

would be required.  Also, X allele may not be present, due to abrupt deletion during 

PCR amplification.  This phenomenon is known as null allele, where the segment on 

which a particular microsatellite is likely to attach has been lost due to deletion.  In this 

circumstance only one peak would be visible, making the sample to appear as 

homozygous.  A homozygous sample could also be formed as a result of homozygous 

parents or presence of dominate homozygous parent.  

 As discussed, the two microsatellites (BBPCT 026 and UDP96-003) did not give any 

informative outcomes for this study (this could be due to the above explained reasons).  

It could also be to due to low heterozygosity values which are not sufficient enough to 

understand the variance in samples.  This generally happens when the sample size 

analysed is small.  The sample size is important as it is directly proportional to the 

heterozygosity value.  The microsatellites Pchgms 12, Pchgms 20 F2 and Pchgms 20 F1 

gave informative results for this study.  They were efficient to distinguish 

polymorphism in samples.  The UDP96-015 microsatellite gave useful result for only 

one fruit variety (Grand pearl nectarine).  This suggests that this microsatellite could be 

used for other varieties but may need modifications to increase its efficiency. 
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Appearance of stutter peaks at positions other than the parental allele position is 

referred to as stuttering (Gill and Buckleton, 2005).  Stutter peaks are the common 

source of extra peaks in DNA profiles.  These peaks usually appear when a product of 

amplification is shorter than the expected allelic product.  This can happen because of 

miscopying of the template of DNA or polymerase slippage during PCR amplification.  

The resulting products are typically one repeat unit (bp) shorter than the expected allele.  

Stutter peaks are useful for distinguishing true alleles from PCR artefacts (Schwengel et 

al., 1994).  In this study there is frequent occurrence of stutter peaks this could be 

possibly due to miscopying of DNA template during the PCR amplification. 
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Profile of endocarp (553, 559) 

 

Profile of mesocarp (559, X) 

 

Profile of exocarp (559, X) 

 

Figure 3.7    . 

 

 

 

Variety name Section of fruit analysed Primer Pchgms 20 F2 

 

Ryan sun peach 

Endocarp 553, 559 

Mesocarp 559, X 

Exocarp 559, X 

Desert red peach variety illustrates the inheritance of homozygous 

allele and occurrence of stutter peak in DNA profile of various 

samples.  The highlighted allele, in the table, is presumably donated 

by the father (pollen), as it is only seen in the endocarp profile.    
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CONCLUSIONS 

 

 

 

 

 

 

 

 

 



99 
 

4.1 CONCLUSIONS 

This research shows that it is possible to extract DNA from different parts of fruits for 

PCR amplification.  However in this research the comparison between the genetic 

profile of leaves and fruits was not performed.  This was not possible as there were no 

leaf DNA profiles corresponding to the varieties used in this study.  Due to time 

constraints, the study was not conducted on a larger number of varieties; however future 

work is under way.  PCR amplification of DNA extracted from the plum varieties was 

not achieved.  There are many potential reasons for the unsuccessful PCR amplification.  

There could be a possibility that no DNA was present in the extracted samples or the 

quality of DNA was bad due to presence of debris and contaminants.  Another reason 

could be that the inefficiency of the CTAB method to remove all the contaminants that 

hinder PCR amplification.  The primers that were used in this study were developed for 

peach SSR loci (Wang et al., 2002; Testolin et al., 2000, Dirlewanger et al., 2002).  

Hence unsuccessful PCR amplification could even be due to the primers used in this 

study that were probably incompatible for plum varieties.  Due to lack of time and 

finance new set of primers were not tested for plum varieties.  However, further study is 

underway to test more microsatellites specific to plum varieties. 

According to this study, it is possible to use the Pchgms12, Pchgms 20 F1 and 

Pchgms20 F2 microsatellites by Wang et al. (2002) to detect the polymorphism in peach 

and nectarine.  The allele sizes obtained by using Pchgms series of microsatellites were 

in or close to the size range (448 to 490) as stated by Wang et al. (2002).  The alleles 

observed in the DNA profiles by using microsatellite Pchgms 12 were 426,428 (the 

endocarp) and 428,428 (the mesocarp and exocarp) in all fruit varieties except in Sapa 

tropical white peach.  It can be observed that these allele sizes are close to the given size 

range (see Table 2.2).  In Sapa tropical white peach the alleles were also observed to be 
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close to the size range, 448 to 490.  The endocarp profile had heterozygous alleles 

430,432 and 432,432 homozygous alleles observed in the mesocarp and exocarp (see 

Table 3.4.1).  The alleles obtained by microsatellite Pchgms 20 F1were observed to be 

present within the size range 249 to 267 (see Tables 2.2, 3.4.1 and 3.4.2).  Also, the 

alleles observed by using the microsatellite Pchgms 20 F2 fell in the size range 540 to 

580 (see Tables 2.2, 3.4.1 and Table 3.4.2) as stated by Wang et al. (2002).  According 

to the data observed it can be said that the Pchgms are efficient microsatellites to detect 

polymorphisms in peach and nectarine varieties.  The microsatellite UDP 96-015 

developed by Testolin et al. (2000) could also be used, even though it gave informative 

result for only one fruit variety (Grand peal nectarine).  The alleles of this fruit were in 

present in the size range 144 to 178 (see Tables 2.2, 3.4.1 and 3.4.2) as stated by 

Testolin et al. (2000).  The endocarp of the Grand peal nectarine showed heterozygous 

profile (169, 173).  The mesocarp and exocarp showed homozygous pattern of 

inheritance (169,169). Further modifications would probably increase the efficiency of 

the UDP 96-015 microsatellite to detect polymorphism.   

The microsatellites used in this study can also be used to analyse fertilisation by cross-

pollination and tracking the origin of pollen.  This is possible by studying the DNA 

profile of the endocarp of fruit varieties.  Pollen study is very important as in many 

forensic cases, pollen grains are found on the clothing of victim or suspect.  Because of 

exclusive floristic communities, unique pollen fingerprint exist for specific locations.  

Pollen grains are extremely viable and hence stick to any material easily.  By studying 

the profile of pollen the location of crime can be revealed.  In case of fruits, counterfeit 

practices can be recognised easily by studying the DNA profile.  For example Nadia™ 

fruit and macadamia nuts are Australian in origin.  They have a specific genetic profile.  

If the DNA profiles of a variety are known (and stored in a database for convenience) it 

can help to stop illegal growing and selling of fruits.  This would in turn help to protect 
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the plant breeder’s rights.  If Nadia™ and macadamia nuts are found to be grown in any 

other part of the world without the permission of the cultivar it can be confiscated.  As 

their DNA genetic profile will remain the same as that found in Australia.  The Nadia™ 

grown in Western Australia uses pollen from Teagen blue plum (father) for cross 

pollination.  The information on the DNA profile of the Teagen blue pollen will be 

region specific and any illegal cultivation practice (outside Western Australia taking 

place without the consent of the breeder) can be confiscated.  An area will have a 

particular combination of plant species in the local and surrounding vegetation.  

Horrocks et al. (1998) concluded that localized areas of similar vegetation, even within 

the same geographical region, have significantly different pollen profiles.  It is this fact 

that enables pollen to be used as evidence in forensic and other investigations.  The 

features that make pollen a practical forensic tool include the structure, allowing species 

identification, and a conventional seasonal distribution. Also, the plants grow in well 

defined ecological niches, making pollen both a useful environmental marker and 

location identifier (Taylor and Skene, 2003). 

 

This study shows that the endocarp profile is a combination of both parents while 

mesocarp and exocarp are maternal origin.  Presumably, the endocarp profile of a fruit 

variety can be used to identify the father (pollen) DNA profile and hence track its 

origin.  In this way further research can be carried out by creating a database of fruit 

varieties for comparing DNA profiles of the endocarp, mesocarp and exocarp.  With the 

knowledge of these profiles it possible to find the production source of a variety.  

However, this study conducted will be applicable only for cross pollinated, that is non-

self fertile varieties.  This study has been conducted on varieties presumably non-self 

fertile.     
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Abstract 

Stone fruits belonging to the Rosaceae family are an important horticultural 

produce growing rapidly in demand.  These fruits are in high demand for both their 

dietary and aesthetic benefits.  The horticulture industry suffers loss of revenue because 

of illegitimate plantings of novel varieties.  Nadia ™ is a novel variety of the Prunus 

genus.  It is also a significant produce due to its high nutritional value and easy 

cultivation.  The aim of this study is to compare the morphological features of Nadia ™ 

and compare them with its parents (Black Amber X Supreme cherry) to help in 

authentication.  Morphological identification of newly harvested varieties is essential.  

Morphology has always been the key mode of assessment as the phenotypic features are 

easily visible to naked eye, time saving and low in cost.  It was found that Nadia™ 

showed a high resemblance in morphology with respect to its parents. The morphology 

of leaf, flower, fruit and habit of Nadia ™ could be a prospective identification profile 

for its authentication.   

INTRODUCTION 

The Prunus genus includes varieties such as Prunus persica (peach), Prunus 

avium (cherry), Prunus armeniaca (apricot), Prunus persica (nectarine), Prunus 

domestica (plum) and Prunus amygdalus (almond).  These fruit crops are a significant 

horticulture produce and drive regional economies.  Nadia™ is an interspecific hybrid 

resulted from a controlled cross between Black Amber plum (not patented) and 

Supreme cherry (not patented) Prunus varieties.  Nadia™ is distinguished for its sweet 

red fruit.  This novel variety was bred by Joseph Rullo in Sheppartton, Victoria, 

Australia at his commercial orchard.  The limb of a Black Amber plum tree was hand 

pollinated by the inventor, with the pollen from Supreme cherry.  The resultant cross 

showed many characteristics common to both parents but unique from other purposely 

bred varieties.  New varieties, such as Nadia™, always face the threat of counterfeit 
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practices.  This requires the need for authentication as the fruit is of high demand in the 

market due to its nutritional value, quality and post harvest traits.   

The morphology of new fruit varieties help in recognition of any illegal planting 

practices.  Morphological characters have many advantages such as they can be readily 

observed and recorded using dissecting or light microscope.  Morphological features 

have numerous variants that can aid in identification.  The occurrence of similar 

phenotype and genotype characteristics of plant species give rise to terminology that 

help in explaining variations (Holttum, 1968).  Analysis based on morphology is used to 

identify similarities and differences for classification purposes. Understanding plant 

structure, development and variation, help to establish relationships between and within 

plant species.  The time and effort required retrieving information from plant chemistry 

and molecular biology make morphological analysis a superior method of 

authentication (Sivarajan, 1991; Pamela et al., 1992). 

In recent times, more stringent observations of morphological characteristics are 

performed with the help of biometrics and several other graph techniques.  This has 

resulted in the surfacing of earlier unexplained features that are now been successfully 

assessed.  Two broad categories of features that are examined are namely vegetative and 

reproductive.  The vegetative characteristics comprise of the habit, root structure and 

the morphology of leaves. On the other hand, reproductive features are made up of 

characteristics related to the flower and fruit (Naik, 1984; Sharma, 2003).  Reproductive 

features are more conserved from generation to generation compared to vegetative 

features.  This is true because reproductive features are produced only for a very short 

span of time and thus lesser developmental changes are observed than in vegetative 

parts (Singh, 2004). 



116 
 

The aim of this study is to compare the morphological features of Nadia™ and 

its parents Black Amber and Supreme cherry.  The external characteristics of other 

Prunus varieties are also outlined.  The study aims to obtain a morphological profile 

that can assist in authentication of Nadia ™ and distinguish it from other Prunus 

varieties. 

MATERIALS AND METHODS 

In this study, morphological characteristics of plants belonging to the Prunus 

genus were recorded.  The varieties studied were Prunus persica (peach), Prunus avium 

(cherry), Prunus armeniaca (apricot), Prunus persica (nectarine), Prunus domestica 

(plum) and Nadia™.  Various morphological features were studied such as the habit of 

plants, leaves, flowers and fruits.  Observations of the habit of plants were taken in the 

field, leaves were collected and flowers were observed for their pattern of growth and 

also for individual parts such as sepals and petals.   

The leaves of each plant species were examined carefully for their shape, leaf margins 

and shape of tip.  Outline of each leaf from individual plant species was traced to help 

clearly understand the leaf margin patterns.   Flowers were observed for their colour, 

type of inflorescence (arrangement) on the plant, number of sepals (calyx) and number 

of petals (corolla).  In addition, flowers were dissected longitudinally to observe the 

position of the ovary.  The different varieties of fruits were recorded for their shape and 

texture.  The colour of skin (exocarp) and flesh (mesocarp) was also recorded.  The seed 

(endocarp) was observed for the size and shape characteristics.  

The newly patented Prunus variety Nadia™ was studied for its phenotypic 

characteristics.  It is a result of a cross between Black Amber plum (not patented) and 

Supreme cherry (not patented).  These characteristics were subsequently compared with 
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that of other stone fruits, in order to understand whether Nadia™ can be differentiated 

based on morphology from other Prunus varieties.  

RESULTS AND DISCUSSION 

The morphological characteristics were studied in apricot, plum, peach, 

nectarine and Nadia™. The various features that were observed are as follows; habit of 

plant, height of plant, leaf features, flower characteristics, fruit and seed.  Individual 

plant or parts were studied one at a time and carefully recorded.  The morphological 

observations of stone fruits such as apricot, plum, peach and nectarine are summarised 

in Tables 5.1, 5.2 and 5.3.  The comparisons of morphological characteristics of 

Nadia™ with its parents are present in Table 5.4.  

Analysis of the different cultivars demonstrates the similarities between various 

stone fruit varieties.  The foremost feature observed was the plant habit.  It was seen 

that all the plant species had a vigorous growth pattern and a similar canopy structure. 

The plant heights were more or less similar for all the cultivars studied.  The peach and 

nectarine attaining a height between 4-6 meters, plum between 4-8 meters and apricot, 

being shorter, 4-5 meters.  On the other hand, cherry plants grew up to 20 meters if the 

growth was left unchecked.  The cherry plants require trimming for easy management.   

The second aspect studied were the leaves of different plant species.  Apricot 

plant species had elliptical to cordate (heart shape) leaf shape whereas plum plant 

species possessed ovate (egg shaped) or an elliptical shape.  Both peach and nectarine 

showed linear (long and narrow) leaf forms.  Elliptical shaped leaves were also seen in 

cherry plant species.  Leaf margins were serrate (sharp teeth like structure like a saw) in 

nature for most plant species with only minor modifications.  For instance, in peach and 

cherry cultivars the margins appeared to be mildly serrate.  Crenate, rounded or blunt 

teeth, leaf margins were found on the leaves of plum cultivars.  The leaf apex structure 
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was a mixture of both acute (pointed tip with sides forming acute angle) and obtuse 

(broad apex, sides form obtuse angle) shapes.  But some leaf apexes were exclusively 

acuminate (pointed tip), such in case of apricot species.  Long petioles were noticed in 

apricot, peach, nectarine and cherry leaves while plums had a smaller size.  Peach and 

nectarine had petioles of medium thickness.   

In addition to leaf morphology, a third aspect considered for study was the floral 

characteristics of different stone fruit plants. The colour of flowers belonging to 

different species appeared mainly white or pink.  Apricot flowers were white in colour 

while peach and nectarine cultivars had pink blossoms.  Plum and cherry cultivar 

species had either white or pink coloured flowers.   

Study of the inflorescence or arrangement of flowers in apricot, plum and cherry 

plants showed grouping or clustering of flowers on the plant.  Peach and nectarine 

flowers were borne single on the peduncle of the plant.  The clustering or grouping of 

flowers was umbel-like.  The flowers arise from a single point due to condensation of 

the axis on which it is borne.   

The number of sepals observed between all plants was studied.  All the flowers 

of stone fruit plants had five sepals present in free form.  This was also true for petals, 

five petals in each flower of different plant species that were not fused.  The flowers of 

each plant species were then dissected longitudinally to have a clear view of the carpel, 

stamen and ovary.  All the flowers studied had only one carpel, hence the term 

monocarpellary, and multiple stamens were observed. The final floral feature recorded 

was the position of the ovary within the flowers.  Ovary position can be either superior 

or inferior.  In flowers with a superior ovary, the base of ovary is above the point of 

attachment of floral parts, while in the case of inferior ovary it is below the point at 

which the floral parts adhere.  The flowers studied show an intermediate type of ovary 
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where the receptacle partly surrounds the ovary; the petals and stamens rise from the 

receptacle about halfway up the ovary.   

The final analysis was based on the morphology of the fruits.  The shape of the 

different fruit varieties were recorded first and classified.  Apricots were found to be 

heart shaped with the presence of a prominent suture.  Apricot fruit varieties were either 

glabrous (smooth skin) and fuzzy in appearance.  Peaches and nectarines were 

predominantly round or heart shaped.  The peach varieties had fuzzy skin whereas 

nectarines were glabrous.  Plums were round shaped while cherries were either round or 

heart shaped.  Both the fruit varieties had a smooth skin.   

The difference in skin colour basically distinguishes the fruits in two groups.  

Apricots, peaches and nectarines are yellow to orange in colour having slight red blush 

Plums and cherries are red to deep red and deep red to purple respectively.  The colour 

of the flesh in apricots was white to orange while peaches and nectarines had yellow or 

white flesh.  Cherries observed had a dark red coloured flesh.  The plums had a yellow 

to dark red flesh colour.   These fruits are called drupes as they have a thin outer skin, 

fleshy edible part and a hard stony endocarp.  Only a single embryo was observed 

enclosed by the endocarp in all stone fruit varieties.   

Nadia™ is a new inter-specific hybrid resulting from a controlled cross of the 

Black Amber plum and Supreme cherry.  The resultant seeds were collected from the 

fruit and planted to produce seedlings.  A series of steps and careful observations were 

undertaken to produce healthy Nadia™ plants.  Nadia™ plants observed were vigorous 

in growth, semi-upright in nature and form a dense canopy on top.  The Nadia™ plant 

was 3-4 meters in height compared to wild type plum plants (4-8 meters) and cherry 

plants which can grow up to 20 meters if not managed.  The leaves of Nadia™ were 

collected and sketched for reference (Figure 5.1).  The leaves from Nadia™ resemble 
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cherry leaves in their shape, being elliptical while normal plums have ovate shaped 

leaves.  The leaf margins of plum leaves were similar to that of Nadia™.  The leaf 

margins appeared to be crenulated having blunt teeth.  Cherry leaves showed slightly 

serrated margins or sharp teeth.  All the leaves from cherry, plum and Nadia™ had 

acute leaf apexes, though in the Nadia™ leaf it is slightly pointed.  The petioles sizes 

were short in plum and long in cherry leaves with Nadia™ leaves having short to 

medium sized petioles.  

Flowers on both plum and cherry plants were white or pink while Nadia™ 

plants had only white flowers.  Flowers were seen in a cluster arrangement or 

inflorescence in all the three plant species.  They also had the same number of sepals 

and petals, which were five.  Nadia™ fruits were round in shape as were the Black 

Amber plum and Supreme cherry.  The skin texture of all the three varieties was 

glabrous.  All the fruit varieties were also dark red in flesh colour.  Only a single seed 

was enclosed by the endocarp in all of the three varieties. Figure 5.2 and Figure 5.3 

contains pictures of Nadia™ fruit and seed respectively.  The Nadia ™ fruit is firm to 

hold, 42 to 48 mm in diameter and consists of semi-adherent stone (endocarp or seed).  

The stone is very small, 1cm in length and width.   

CONCLUSION  

The Prunus genus is economically very important and many species are 

cultivated for their fruits.  These include peach, nectarine, plum, cherry, apricot, almond 

and several other species that are result of inter-specific hybrid such as Nadia™, 

Suplumthirtyfive™ and many more.  This study shows a close relationship between 

various varieties of the Prunus cultivars and morphological analysis can be used in the 

quick and easy determination of fruit varieties.  Unlike chemical analysis, 

morphological analysis is easy to perform and is not time consuming.  Analysis by 
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morphology has always been a basis for any kind of identification or classification of 

novel as well as existing fruit varieties. So by comparing morphological characteristics, 

Nadia™ clearly illustrates similarities with its parents, the Black Amber and Supreme 

cherry.  There is also enough differentiation between Nadia™ and other cultivars of the 

Prunus; hence identification using morphology can be achieved. 
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Tables 

Table 5.1   

Plant type Habit Plant height Leaf shape Leaf margin Leaf apex Petiole 

Apricot 
Round and bushy 

canopy at top 
4-5meters 

Elliptic to 
cordate 

Serrate 
Acute to 

acuminate 
Long, reddish 

purple 

Plum Bushy, vigorous 4-8meters 
Ovate or 
elliptical 

Crenulated 
Acuminate, acute 

or obtuse 
Short petiole 

Peach 
Vigorous, bushy, 

canopy at top 
4-6meters Linear Finely serrate Acute 

Long, medium-
thick 

Nectarine 
Round bushy, 

vigorous 
4-6meters Linear Serrate Acute 

Long, medium 
thick 

Cherry 
Vigorous, erect-

pyramidal 
canopy 

20meters when 
unchecked 

Elliptical Mildly serrate Acute 
Long petiole 

 

 

The phenotypic characters of stone fruit plant species belonging to the Prunus genus (Rosaceae family).  The visual similarities 

between various plant species are clearly evident, classifying all the species under one genus in a family tree. 



123 
 

Table 5.2   

 

Fruit variety Flower 

colour 
Inflorescence 

Number of 

sepal 

Number of 

petal 

Number of 

carpel 

Number of 

stamen 

Position of 

ovary 

Apricot White Grouped in cluster 5 5 1 Numerous Intermediate 

Plum White to pink Umbel-like cluster 5 5 1 Numerous Intermediate 

Peach Pinkish Borne single on peduncle 5 5 1 Numerous 

 

Intermediate 

 

Nectarine Pinkish Borne single on peduncle 5 5 1 Numerous Intermediate 

Cherry White to pink 3-5 flowers in  a group 5 5 1 Numerous Intermediate 

Floral morphology characteristics of stone fruit plant species belonging to the Prunus genus (Rosaceae family). 
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Table 5.3   

Fruit Fruit shape Fruit skin colour Fruit skin texture Flesh colour Seed enclosed 

Apricot 
Heart  shape, suture 

present 

Yellow to orange, with 

red blush 
Smooth White to orange Single 

Plum Round Red to deep red Smooth Yellow to dark red Single 

Peach Round or heart shaped Orange to yellow Fuzzy White or yellow Single 

Nectarine Round or heart shaped White to yellow Smooth White or yellow Single 

Cherry 
Glabrous or heart 

shaped 
Deep red to purple Smooth Dark red Single 

 

Fruit morphology characteristics of stone fruit varieties belonging to the Prunus genus (Rosaceae family) show identical and distinguishing 

features significant for their identification and classification.         
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Table 5.4   

Trait Nadia™  Black Amber plum (not patented) Supreme cherry (not patented) 

Habit Vigorous, semi-upright, dense canopy Bushy, vigorous growth Erect-pyramidal canopy, vigorous 

Plant height 3-4 meters 4-8 meters 20 meters unchecked 

Leaf shape Elliptical Ovate Elliptical 

Leaf margin Crenate Crenulated Mildly serrate 

Leaf apex Acute, pointed Acute Acute 

Leaf petiole Short to medium Short in size Long in size 

Flower colour White White to pink White to pink 

Inflorescence Present in cluster Umbel-like cluster 3-5 flowers in a group 

Number of sepals 5 5 5 

Number of petals 5 5 5 

Fruit shape Round Round Round 

Fruit skin colour Deep red to purple Red Deep red to purple 

Fruit skin texture Smooth Smooth Smooth 

Fruit flesh colour Dark red Dark red Dark red 

Seed enclosed Single Single Single 

Comparison of morphological characteristics between Nadia™, Black Amber plum and Supreme cherry.  The analysis illustrates the 

similarities between the phenotypic characteristics shared by all the three fruit varieties.   
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Figures 

 

Fig 5.1   

 

 

 

 

Sketch of Nadia™ leaf (top) and picture of a Nadia™ leaf (bottom). The leaf 

can be   described having an elliptical shape with a pointed tip and crenulate 

margin. 
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Fig 5.2   Nadia™ fruit is round shaped having smooth outer skin and blood red 

coloured juicy flesh.  The stone (seed) is semi-adherent to the flesh of the 

fruit. 
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Fig 5.3   

 

 

 

 

 

 

 

 

 

Embryo Testa 

Whole seed of Nadia™ (top) and embryo of the Nadia™ seed (bottom). The 

seed is hard and stony in appearance enclosing a single embryo protected by 

an additional layer known as testa, which lies inside the endocarp (seed).  

Testa forms an intermediate layer between the stony endocarp and the embryo. 
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DEFINITIONS 

  

 

  

    

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

The DNA fragment image seen on an 

autoradiograph. 

Base pair 

The blossom phase of flowering when 

it is ready for pollination. 

Band 

Anthesis 

Technology based on selectively 

identifying polymorphisms in DNA, 

restriction enzyme and use of a subset 

of DNA fragment for PCR. 

Pair of nitrogenous bases (Purines and 

Pyrimidines) linking the two stranded 

helical form of DNA. 

Amplified Fragment Length 

Polymorphism (AFLP) 

Legal agenda securing consumers 

from harmful or inferior goods and 

enlightening against deceit. 

Gel electrophoresis Separation of complexes based on its 

charges in an electric field on a gel. 

Consumer Rights’ 
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DNA A double stranded structure having 

genetic information within the 

nucleus of a cell of an organism 

capable of self replication. 

DNA profiling A technique to determine nucleotide 

sequences of segments of DNA. 

The innermost layer covering the 

embryo, it may hard and stony or 

membranous (Refer to Figure 4.1 

and 4.2 in the Introduction section).  

A fleshy fruit consisting of a single 

hard endosperm enclosing the whole 

embryo. 

Drupe 

Endocarp  

Epistasis  Phenomenon in which the effect of 

one gene is masked by one or several 

genes.  

Exocarp

  

The skin of fruit developed from the 

ovary wall of flower (Refer to Figure 

4.1 in the Introduction section).  



132 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mesocarp

  

The edible pulp that constituent 

about 30-60 % of the entire fruit 

(Refer to Figure 4.1 in the 

Introduction section).  

Plant Breeder’s Rights

  

An organisation that allows plant 

cultivators to seize illegitimate use 

of plant varieties.  

Pleiotropic effect The phenomenon in which solitary 

gene influences several phenotypic 

characters.  

Random Amplified Polymorphic DNA 

(RAPD) 

DNA profiling technique that 

requires no precise knowledge of 

DNA sequence and amplifies 

arbitrary positions in the genome.  

Restriction Fragment Length 

Polymorphism (RFLP) 

 

 

 

Different length fragments 

produced after the digestion of 

DNA at specific regions by 

restriction enzymes.  Specificity 

of enzymes to nick certain sites 

allows identification of samples.  
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Prunus 

 

 

 

A genus of trees belonging to family 

Rosaceae which include the cherry, 

apricot, plum, almond and peach 

varieties. 

 

 

Varieties  

 

 

 

Subdivision of species that differ 

from other groups in specific 

characters. 
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ABBREVIATIONS AND SYMBOLS 

AFLP    Amplified Restriction Fragment Length  

    Polymorphism 

 

BSA     Bovine Serum Albumin 

CTAB     Cetyl tri methyl ammonium bromide 

DNA     Deoxyribonucleic acid  

dNTP     deoxynucleotide triphosphate 

EDTA     Ethylene diamine tetra acetic acid  

MgCl2     Magnesium Chloride 

PCR     Polymerase Chain Reaction 

RAPD     Randomly Amplified Polymorphic DNA 

RFLP     Restriction Fragment Length Polymorphism  

Rpm     Rotations per minute 

SSR     Simple Sequence Repeat 

STR     Short Tandem Repeat 

TBE      Tris Borate EDTA  

TE     Tris EDTA Buffer 

µ     Micro 

°C     Degree Celsius 
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SCIENTIFIC AND COMMON NAMES 

Species Name     Common Name 

Prunus salicina    Plum 

Prunus persica    Peach, Nectarine 

Prunus armeniaca    Apricot 

Prunus avium     Cherry 

Prunus amygdalus    Almond 
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Representative gel of the profiles obtained after PCR amplification during this 
study 

MW:   Molecular Weight 

Lane1: Ryan sun peach exocarp 

Lane 2: Ryan sun peach mesocarp 

Lane 3: Ryan sun peach endocarp 

Lane 4: Snow white nectarine exocarp 

Lane 5: Snow white nectarine mesocarp 

Lane 6: Snow white nectarine endocarp 

Lane 7: Zee sweet white nectarine endocarp 

Lane 8: Negative control 

Lane 9: Positive control (leaf DNA sample)

1000bp 

500bp 

400bp 

300bp 

200bp 

100bp 

3 2 MW 1 4 6  5 7 8 9 
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Recipes of the reagents used during the period of study. 

 

CTAB buffer  : 1.4M Sodium Chloride 

    100mM Tris-HCl 

    20mM sodium EDTA 

    2% (w/v) CTAB powder 

    0.2% (v/v) β-Mercaptoethanol 

 

Cell Lysis Buffer : 500Mm Sodium Chloride 

    100mM Tris-HCl 

    50mM EDTA 

    20% (w/v) SDS powder 

 

TE buffer pH 8.0 : 100mM Tris-HCl 

    10mM EDTA 

 

1% Agarose Gel : 1g Agarose powder 

    100ml 0.5 X TBE 

    6µl Ethidium Bromide 

 

0.5 X TBE  : 108g Tris-HCl 

    8g EDTA 

    56g Boric acid 

    20 litres of distilled water 
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