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ABSTRACT 

This project aims to shed some light on the molecular information of the Ananas 

comosus var. comosus species, which is a commercial variety of pineapples. This is 

achieved by isolating tetranucleotide microsatellites, a type of molecular marker which is 

very useful for a wide range of molecular studies. Therefore, the research objectives were 

to extract DNA from the pineapple, isolate the micro satellites using 5' -anchored PCR 

technique with a degenerate primer, PCT6 5'-KKBNVSS(GATA)6-3', submit the 

isolated micro satellite sequences to the GenBank and obtain Accession numbers for the 

sequences. The results were five recombinant clones, four successful DNA sequencing 

reactions, namely PCT 7, PCT 8, PCT 33 and PCT 39, and a total of seven pure 

tetranucleotide micro satellites isolated from the clones, namely (GATA)n, (CTAnn, and 

(TATC)n. Also isolated were one mononucleotide repeat, namely (A)13 and ten cryptic 

simple regions found in between the 5' and 3' terminal end. The GenBank Accession 

numbers assigned were A Y929614 for locus PCT617, A Y929615 for locus PCT618, 

AY939828 for locus PCT6133 and A Y939829 for locus PCT6139 respectively. In 

conclusion, 5' -anchored PCR technique is highly efficient protocol which saves time and 

cost, as micro satellites can be isolated without having to perform library enrichment and 

screening protocols. 
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ABSTRAK 

Projek ini bertujuan memberi maklumat molekular tentang nenas spesies Ananas 

comosus var. comosus, sejenis spesies nenas yang komersial. Maklumat didapati melalui 

pemencilan mikrosatelit tetranukleotida, sejenis penanda molekul yang berguna di dalam 

bidang molekular genetik. Objektif kajian adalah pengekstrakan DNA daripada nenas, 

PCR menggunakan teknik '5'-anchored' dan primer degenerat PCT6 5'-

KKBNVSS(GATA)6-3', mendeposit jujukan mikrosatelit yang diperoleh ke GenBank, 

dan mendapatkan Nombor Aksesi untukjujukan-jujukan tersebut. Hasil kajian ialah lima 

klon rekombinan dan empat daripadanya berjaya dijujukkan, iaitu PCT 7, PCT 8, peT 33 

dan peT 39. Daripada klon-klon tersebut, tujuh mikrosatelit tetranukleotida berjaya 

dipencilkan, iaitu (GATA)n, (CTAT)n dan (TATC)n. Selain daripada itu, satu mikrosatelit 

mononukleotida (A)13 serta sepuluh 'cryptic simple regions' juga telah dipencilkan. 

Nombor Aksesi GenBank telah diberikan kepada klon-klon tersebut, iaitu AY929614 

bagi lokus peT 617, AY929615 untuk lokus PCT 618, AY939828 kepada lokus peT 

6133 dan yang terakhir ialah AY929829 bagi lokus PCT 6139. Sebagai kesimpulan, peR 

menggunakan teknik '5'-anchored' merupakan protokol yang sangat efisyen dalam 

menjimatkan masa dan kos, kerana mikrosatelit boleh dipencilkan tanpa perlu 

menjalankan protokol 'library enrichment' dan penyaringan. 

UMS 
UNIVERSITI MALAYSIA SABAH 



CONTENTS 

Page 

DECLARATION 11 

AUTHENTICATION 111 

ACKNOWLEDGEMENTS IV 

ABSTRACT V 

ABSTRAK vi 

CONTENTS Vll 

LIST OF TABLES x 

LIST OF FIGURES Xl 

LIST OF ABBREVIATIONS Xl11 

CHAPTER! INTRODUCTION 1 

CHAPTER 2 LITERATURE REVIEW 

2.1 Pineapples 4 

2.2 DNA-Based Molecular Markers 7 

2.2.1 Type I DNA Markers 8 

2.2.2 Type IT DNA Markers 10 

2.3 Background of Microsatellites 11 

2.4 Advantages of Microsatellites 12 

2.5 Microsatellites are Caused by Mutation 13 

2.6 Advantages of Tetranucleotide Microsatellites 14 

2.7 Methods of Isolating Microsatellites 15 

UMS 
UNIVERSITI MALAYSIA SABAH 



Vlll 

2.8 Isolation of Micro satellites through Library Screening 16 

2.9 5'-anchored PCR and its Advantages 19 

2.10 Characterization of Microsatellites in Different Species 21 

2.11 Application of Microsatellites 23 

CHAPTER 3 METHODOLOGY 

3.1 Sampling 26 

3.2 DNA Extraction 27 

3.3 Agarose Gel Electrophoresis 28 

3.4 5'-Anchored PCR 29 

3.5 Cloning of PCR Product 30 

3.6 Analysis of Positive Clones 31 

3.7 Plasmid Extraction 31 

3.8 DNA Sequencing of Plasmids 33 

3.9 GenBank Verification of Microsatellite Sequences 33 

CHAPTER 4 RESULTS AND DATA ANALYSIS 

4.1 DNA Extraction 35 

4.2 Polymerase Chain Reaction 36 

4.3 Cloning and Transformation 37 

4.4 Plasmid DNA Isolation 38 

4.5 DNA Sequencing 39 

CHAPTERS DISCUSSION 

5.1 DNA Extraction 44 

UMS 
UNIVERSITI MALAYSIA SABAH 



IX 

5.2 Polymerase Chain Reaction 45 

5.3 Cloning and Transformation 49 

5.4 Analysis of Positive Clones 53 

5.5 Plasmid Extraction 54 

5.6 DNA Sequencing 57 

CHAPTER 6 CONCLUSION 60 

REFERENCES 62 

APPENDIX 70 

UMS 
UNIVERSITI MALAYSIA SABAH 



x 

LIST OF TABLES 

Table No. Page 

3.1 Chemicals and steps needed to set up the TOPO Cloning Reaction for 30 

eventual transformation into chemically competent TOP10™ E.coli 

4.1 DNA micro satellites isolated with 5' -anchored PCR technique using a 40 

degenerate primer, 5'-KKBNVSS(GATA)6-3' 

4.2 Data underlining the clones which the micro satellites were isolated, 

its locus, insert sizes, repeat motifs and its locations, as well as BankIt 

numbers and Accession numbers designated by GenBank to the 

sequences 

UMS 
UNIVERSITI MALAYSIA SABAH 



Xl 

LIST OF FIGURES 

Figure No. Page 

2.1 Schematic diagram indicating the standard methods for isolation of 17 

plant 17 micro satellite loci which generally involve (a) digestion of 

genomic DNA, (b) ligation into a plasmid vector, (c) transformation into 

E.coli and grid colonies, (d) hybridization with a labaled micro satellite 

oligonucleotide probe, (e) DNA sequencing of positive clones, (f) primer 

design and locus-specific PCR amplification, and (g) identification of 

polymorphisms 

2.2 (a) Schematic representation of simple sequence repeat region (CA)sRY 20 

(b) Schematic representation of simple sequence repeat and inter-simple 

sequence repeat regions, primer K7 

3.1 Map detailing the geographical locations of certain parts in Sabah 26 

4.1 DNA bands visualized after 1 % agarose gel electrophoresis run for 

1 hour 30 minutes. Lane 1: A HintlIII DNA marker; Lane 2: DNA 

sample BEl; Lane 3: DNA sample BE5, Lane 4: DNA sample BE10; 

Lane 5: DNA sample BElS; Lane 6: DNA sample BE20 

4.2 Result of 5' -anchored PCR using degenerate primer PCT6, visualized 36 

using 2% agarose gel. Lane 1: Negative control, Lane 2: DNA sample 

BEIO, Lane 3: 100 bp DNA marker, Lane 4: DNA sample BEIO, Lane 5: 

DNA sample SP4 and Lane 6: Negative control 

UMS 
UNIVERSITI MALAYSIA SABAH 



XlI 

Figure No. Page 

4.3 Blue and white colonies which grew on a Petri dish containing LB agar 37 

and 50j.lg/ml of ampicillin after an overnight incubation of 37°C, with 

the ration of white colonies to blue colonies of 141 :77 

4.4 Plasmid bands visualized using 1% agarose gel. Lane 1: 1 kb DNA 38 

Marker; Lane 2: Blue colony; Lane 3: PCT 40, Lane 4: PCT 18; 

Lane 5: PCT 21; Lane 6: PCT 39; Lane 7: PCT 33; Lane 8: PCT 8; 

Lane 9: PCT 7 

UMS 
UNIVERSITI MALAYSIA SABAH 



X111 

LIST OF SYMBOLS, UNITS, AND ABBREVIATIONS 

mg milligram 

Ilg mIcrogram 

ng nanogram 

ml milliliter 

ds double-stranded 

DNA deoxyribonucleic acid 

dNTP deoxyribonucleotide triphosphates 

A adenine 

T thymine 

G guanine 

C cytosine 

bp base pair 

degrees Celsius 

M molar 

rnM millimolar 

u units 

prime 

var. variety 

IX one-time 

rpm revolutions per minute 

A lambda 

~ beta 

UMS 
UNIVERSITI MALAYSIA SABAH 



CHAPTER! 

INTRODUCTlON 

The pineapple is the leading edible member of the family Bromeliaceae. There is 

about 2,000 species in this family. It is botanically known as Ananas comosus var 

comosus. The fruit has different names according to local dialect; pina by Spanish-

speaking people, abacaxi by the Portuguese, ananas by the Dutch and French and the 

people of fonner French and Dutch colonies; nanas in southern Asia and the East 

Indies. In China, it is po-lo-mah; sometimes in Jamaica, sweet pine; in Guatemala 

often merely pine (Morton, 1987). 

In year 2003, approximately 80 countries around the world harvest a total of 

32 million pounds of pineapples each year, more than double the average produced 

during the 1970s. Many of these producing countries have little presence in the world 

market as most of their production is intended for domestic consumption. Nearly 

three-quarters of world supplies are produced in Thailand, the Philippines, Brazil, 

China, India, Costa Rica, Nigeria, Kenya, Mexico, and Indonesia. Among these top 

ten producers, Costa Rica, Indonesia, the Philippines, Thailand, and Kenya has a 

significant proportion of their production geared towards international markets. Their 

combined exports of fresh, canned, and juice pineapple products comprise far more 

than half of world export supplies. (Economic Research Service, USDA, 2003) 
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2 
Microsatellites are simple sequence repeats (SSRs) of one to six nucleotides. 

They appear to be present everywhere in higher organisms, although the frequency of 

microsatellites varies between species. Because of their abundance and inherent 

potential for variation, these simple sequence repeats have become a valuable source 

of genetic markers (Temnykh et ai., 2001). Other characteristics of micro satellites are 

highly polymorphic, evenly distributed across the genome, co-dominant, and easily 

genotyped. These features make them the marker of choice for a number of genetic 

studies (Yue et al., 2003). SSRs have recently become important genetic markers in 

cereals, including wheat and barley (Holton, 2001). 

Currently, very little research has been done on pineapples. There is an 

increasing need for more infonnation on this species, since pineapples are a crop plant 

that is an important commodity for a lot of countries in the world, as highlighted 

above. Knowledge on its diversity is needed to develop new breeding lines. This 

project aims to provide more knowledge and understanding of this species, especially 

at its molecular level by using microsatellites as molecular markers to study the 

pineapples. However, micro satellite isolation using the conventional methodology is a 

difficult process. Therefore, this project utilized a much easier protocol to isolate 

microsatellites which is using 5' -anchored PCR. This is a more convenient method of 

isolating microsatellites compared to other protocols as it consistently anchors PCR 

primers at 5' ends of micro satellites, thus amplifying two close and inverted SSRs and 

the region between them. 
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3 
The results obtained can be used to determine the polymorphism of this 

variety of pineapples, as well as investigation of its homology with other varieties or 

species. The data acquired can also be applied for further study in order to find ways 

to make this species disease-resistant, or to fmd ways to make its cultivation possible 

in cold climates or temperatures. This will hopefully boost its production and 

cultivation in countries that rely on pineapple export as its income. 

There are several objectives of this research. The first was to successfully 

extract DNA from pineapples of the local varieties, such as Madu and Paun. The 

method of extraction that was used followed a rapid salting-out method, with some 

modifications made accordingly. 

Second objective was to isolate DNA microsatellites from pineapples using a 

degenerate primer. The primer that was used is PCT6 with the sequence of 5'-

KKBNVSS(GATA)6-3', specially designed to be utilized with the 5'-anchored PCR 

method. 

The third objective of this study was to obtain serial accession number for the 

microsateUite sequences that were submitted. In order to achieve this, the 

microsatellite sequences were sent to GenBank using its Banklt tool and the accession 

numbers were assigned by GenBank staff upon receiving the sequences. These 

sequences were subsequently tested for homology using BLAST program, more 

specifically blastn to determine its nucleotide homology. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 PINEAPPLES 

The pineapple plant is a terrestrial herb of 0.75 to 1.5 meters high with a spread 0[0.9 

to 1.2 meter; has a very short, stout stem and a rosette of waxy, strap like leaves 

which are pointed, 50 to 180 centimeters long; usually needle tipped and generally 

bearing sharp, upcurved spines on the margins. The leaves may be all green or 

variously striped with red, yellow or ivory down the middle or near the margins. At 

blooming time, the stem elongates and enlarges near the apex and puts forth a head of 

small purple or red flowers, each accompanied by a single red, yellowish or green 

bract. The stem continues to grow and acquires at its apex a compact tuft of stiff, 

short leaves called the "crown" or "top". Occasionally a plant may bear two or three 

heads, or as many as 12 fused together, instead ofthe normal one (Morton, 1987). 

In international trade, there are numerous pineapple cultivars of Ananas 

comosus var. comosus. The pineapples are grouped in four main classes: Smooth 

Cayenne, Red Spanish, Queen, and Abacaxi, with a lot of variation in the types within 
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5 
each class (Morton, 1987). However, there is a fifth group or class comprising of 

Motilona or Perolera, which is commercially very important in South America 

(Australian Gene Technology Act, 2003). 

Smooth Cayenne, Cayenne, or Cayena Lisa in Spanish (often known in India, 

Sri Lanka, Malaysia and Thailand as Sarawak or Kew) was selected and cultivated by 

Indians in Venezuela long ago and introduced from Cayenne (French Guyana) in 

1820. The plant is almost free from spines, except for the needle at the leaf tip. The 

size is 1.8 to 4.5 kilograms. The physiological characteristics are cylindrical form, 

shallow eyes, orange rind, yellow flesh, low fiber, juiciness and rich mildly acid 

flavor. It has gained the most importance worldwide even though it is subject to 

disease and does not ship well. Mainly, it is prized for canning, having sufficient fiber 

for finn slices and cubes as well as excellent flavor. 

The next type of cultivar is called Red Spanish. Despite the spininess of the 

plant, it still is the most popular among growers in the West Indies, Venezuela and 

Mexico. It is only suitable for canning. The fruit is quite round, orange-red externally, 

with deep eyes, and ranges from 1.36 to 2.7 kilograms. The flesh is pale-yellow, 

fibrous, with a large core, aromatic and flavorful. The fruit is hard when mature, 

breaks off easily and cleanly at the base in harvesting, and stands handling and 

transport well. It is highly resistant to fruit rot though subject to gummosis (Morton, 

1987). 
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Abacaxi (also called White Abacaxi of Pernambuco, Pernambuco, Eleuthera, 

and English) is well known in Brazil, the Bahamas and Florida. The plant is spiny and 

disease-resistant. Leaves are bluish-green with red-purple tinge in the bud. The 

numerous suckers need thinning out. The fruit weighed one to five kilograms, is tall 

and straight-sided; sunburns even when erect. It is very fragrant. The flesh is white or 

very pale yellowish, of rich, sweet flavor, succulent and juicy with only a narrow 

vestige of a core. This is rated by many as the most delicious pineapple. It is too 

tender for commercial handling, and the yield is low. The fruit can be harvested 

without a knife, and breaks off easily for marketing fresh (Morton, 1987). 

Queen (also called Common Rough in Australia) is the leading cultivar in 

South Africa, Queensland and the Philippines. The plant is dwarf, compact, more 

cold-resistant and more disease-resistant then Smooth Cayenne. It matures its fruit 

early but suckers freely and needs thinning, and the yield is low. The fruit is conical, 

deep-yellow, with deep eyes; weighs 0.45 to 1.13 kilograms; is less fibrous than 

Smooth Cayenne, but more fragrant; it is juicy, of fme flavor with a small, tender 

core. It is sold fresh and keeps well. It is only fair for canning because of its shape 

which makes for much waste. 

The pineapple is a tropical or near tropical plant limited (except in 

greenhouses) to low elevations between 30 degrees North and 25 degrees South. A 

temperature range of 18.33 to 45° C is most favorable. Prolonged cold retards growth, 

delays maturity and causes the fruit to be more acid. Altitude also has an important 
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effect on the flavor of the fruit. At higher elevations the fruit is too acid. The best soil 

for pineapple culture is a well-drained, sandy loam with a high content of organic 

matter and it should be friable for a depth of at least 60 centimeters, and pH should be 

within a range of 4.5 to 6.5. When unripe, the pineapple is not only inedible but also 

poisonous, irritating the throat and acting as a drastic purgative. Excessive 

consumption of pineapple cores has caused the formation of fiber balls (bezoars) in 

the digestive tract (Morton, 1987). 

2.2 DNA-BASED MOLECULAR MARKERS 

DNA markers are versatile tools used to study the comparative genetic differences or 

similarities both among and within species. This is because although significant DNA 

sequence information is available for several model species, very little, if any, DNA 

sequence information is available for most other species. Genomes are so large that 

most studies on DNA and amino acid sequencing can provide information on just a 

fraction of the genome. Thus, it is possible to use molecular markers selected 

systematically or at random to serve as samples that represent the entire genome. The 

degree of marker similarity will then represent the degree of genetic similarity 

(Fairbanks and Andersen, 1999). 

The usefulness of molecular markers can be measured based on their 

polymorphic information content (PIC) (Botstein et aI., 1980). PIC refers to the value 

of a marker for detecting polymorphism in a population. PIC refers to the number of 

detectable alleles and the distribution of their frequencies, and equals one minus the 
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8 
sum of the square of all allele frequencies. Thus, the greater the number of alleles, the 

greater the PIC; and for a given number of alleles, the more equal the allele 

frequencies, the greater the PIC. Therefore, comparison of PIC values can give 

researchers a rough idea of the power of the various marker types discussed (Cordes 

and Liu, 2004). 

The ideal DNA markers will contain properties such as highly polymorphic, 

able to determine homozygous and heterozygous states of diploid organisms (co-

dominant), frequent occurrence and dispersed evenly in the genome, selective neutral 

behavior of DNA sequences towards environment, easily available, fast assay, high 

reproducibility, and easy exchange of data between laboratories. It is difficult to fmd 

a molecular marker that fits all of the criteria. Depending on the type of study to be 

undertaken, a marker system that fulfills at least a few of the characteristics is to be 

identified before selecting the suitable marker for use according to the objective of a 

particular study (Gupta et ai., 2000). This means that there is no perfect or the best 

marker compared to the other markers, and the marker selection depends on the 

purpose and the desired fmdings of the experiment. However, it is to be noted here 

that microsatellites fulfill almost all of the criteria above and is suitable for use for a 

wide range of applications as will be described later on. 

2.2.1 TYPE I DNA MARKERS 

There are several types of DNA markers. These markers are classified into two 

categories, type I and type II. Type I are markers associated with genes of known 

function. They are becoming increasingly important in studies of genetic linkage and 
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quantitative trait loci (QTL) mapping. The advantages of type I are in studies of 

comparative genomics, genome evolution, candidate gene identification, and 

enhanced communication among laboratories. Type I markers also serve as a better 

channel for interspecific comparison and transfer of genomic information from a 

map-rich species into a relatively map-poor species, as compared to type II markers. 

This is because sequence conservation within genes are high and can be used as 

anchor-points for genomic segments to be compared among species. For comparative 

studies using type II markers (e.g. microsatellites), they can only depend on 

conservation of the flanking sequences used for the design of peR primers (O'Brien, 

1991). 

The first type of marker that falls under this category is allozymes as the 

proteins they encode has known function. Allozymes require prior molecular 

information before it can be used, investigates single locus with two to six allele 

numbers, has low levels of polymorphism, and its mode of inheritance is Mendelian 

and co-dominant. Its major applications are linkage mapping and population studies. 

A second type of type I marker is expressed sequence tags (ESTs) as they represent 

transcripts of genes. EST also requires prior molecular information. EST has the same 

mode of inheritance as allozymes, single locus investigation with two allele numbers, 

and also has low investigation. 

It has a wider range of applications than allozymes, such as linkage mapping, 

physical mapping, and comparative mapping. Most RFLP markers are type I markers 

as they were identified during analysis of known genes. RFLP is one of the first types 

of DNA-based molecular marker. To utilize RFLP, prior molecular information is 
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required. RFLP has the same mode of inheritance and identifies the same type of 

locus as other type I markers. It has low polymorphism, and is used in linkage 

mapping. 

2.2.2 TYPE II DNA MARKERS 

Type II markers are referred to as anonymous genomic segments. These markers are 

considered to be non-coding and therefore selectively neutral. The usage of these 

markers in population genetic studies utilizes assumptions by Hardy-Weinberg 

equilibrium and selective neutrality of the markers used. They are also useful in 

aquaculture genetics for species, strain and hybrid identification, breeding studies, 

and recently, as markers linked to quantitative trait loci (Cordes and Liu, 2004). 

There are several types of markers in this category, such as random amplified 

polymorphic DNA (RAPD) and amplified fragment length polymorphism (AFLP), 

both of which do not require prior molecular information. However, AFLP detects a 

higher level of polymorphism than RAPD. The former is mostly used in linkage 

mapping and population studies, while the latter is utilized in fingerprinting for 

population studies and hybrid identification. 

Most microsatellites are type II markers unless they are associated with genes 

of known function. Microsatellites are also known as simple sequence repeats (SSR) 

and using micro satellites would require prior molecular information. Its mode of 

inheritance are Mendelian and co-dominant, it investigates single locus with multiple 

alleles, and has high levels of polymorphism. It is used mostly in linkage mapping, 
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