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ABSTRACT

THE ISOLATION AND IDENTIFICATION OF MOLECULAR MARKER
LINKED TO SUGAR PRODUCTION IN PINEAPPLE
(Ananas comosus var. comosus)

Most pineapple (Ananas comosus var. comosus, Family: Bromelieceae)
varieties produced fruits with low sugar content quality which affects the
agronomical and breeding potential of pineapple. Thus, a better
knowledge of the genetic and molecular basis underlying fruit quality
would benefit pineapple breeding programmes. Isolation and
identification are the essential steps for the development of molecular
markers to be used in marker assisted selection for plant breeding
programmes. Hence, two analyses, the Bulked Line Analysis (BLA) and
the Differential Gene Expression Analysis were employed in this study.
Genomic DNA (leaf) and total RNA (fruit tissue) were isolated and
grouped into two groups “Acid” (<11% Brix) and “Acidless” (>17% Brix)
prior to polymerase chain reaction (PCR) and reverse transcription-
polymerase chain reaction (RT-PCR). In the DNA study, the Random
Amplified Polymorphic DNA (RAPD) assay and the Direct Amplified
Length Polymorphisms (DALP) assay were used in conjunction with
Bulked Line Analysis to identify sugar-content linked markers in
pineapple. The experiments showed no polymorphism was observed
between the “Acid” and “Acidless” groups of pineapples. This showed
that both the RAPD and the DALP methods were unable to differentiate
the desired characteristic within clonally propagated individuals. However
with the limited number of primers used, it was difficult to conclude that
DNA based markers are not suitable in this particular investigation. In the
RNA study, newly synthesized double stranded cDNAs were subjected
to PCR using three different sets of primers from Amplified Differential
Gene Expression (ADGE), Differential Gene Expression Based
Annealing Control Primer analysis (DEG-ACP) and specific markers
linked to sugar content from peach and tomato. Differential gene
expression analysis indicated five markers linked to the sugar content in
pineapple. Three of the markers (M1, M3 and M4) were from ADGE,
marker HK1 was from specific primer linked to sugar content and one
marker (TYN4) was from DEG. A comparison of the differential
expression between the cDNA from the “Acid” and “Acidless” groups of
pineapple revealed differences in markers M1, M3, M4, and the markers
HK1 and TYN4. These markers can be used in marker assisted selection
(MAS) to aid in identifying Quantitative Trait Loci since the majority of
quantitative traits in crop plants are controlled by polygenes. Selection of
quantitative trait loci for crop improvement such as sweetness in
pineapple, will result in significant reduction in the time taken for reducing
the productivity of low sugar content pineapples and increasing the
productivity of high sugar content pineapples.



ABSTRAK

Kebanyakan variati Nanas (Ananas comosus var. comosus, Keluarga:
Bromelieceae) menghasilkan buah yang mengandungi kandungan gula
yang rendah. Kualiti kandungan gula yang rendah ini boleh menjejaskan
agronomi dan potensi pembiakbakaan nanas. Justeru, permahaman
yang mendalam terhadap genetik dan molekular mengenai kualiti buah
boleh meningkatkan mutu pembiakbakaan nanas. Kaedah pengasingan
dan kaedah pengenalpastian merupakan kaedah utama untuk mencari
pananda molekular. Penanda molekular ini boleh digunakan sebagai
‘marker assisted selection” untuk program pembiakbakaan nanas.
Dengan itu, dua analisis telah digunakan iaitu, “Bulked Line Analysis
(BLA) dan Differential Gene Expression Analysis” dalam kajian ini.
Genomik DNA (Daun) dan RNA (Tisu buah) diekstrak dan dikumpulkan
ke dalam dua kumpulan iaitu “Acid” (<11%) dan “Acidless” (>17%)
sebelum proses tindakbalas berantai polimerase (PCR) dan trankripsi
berbalik tindakbalas berantai polimerase (RT-PCR) dilakukan. Dalam
kajian DNA, “Random Amplified Polymorphic DNA (RAPD) dan “Direct
Amplified Length Polymorphisms (DALP) diamplikasi bersama BLA untuk
mengenalpasti penanda berkait dengan penghasilan gula dalam nanas.
Keputusan eksperimen tidak menunjukkan perbezaan di antara
kumpulan “Acid” and “Acidless”. Dengan itu, ia menunjukkan kedua-dua
RAPD dan DALP tidak dapat mebezakan perwatakan yang dikehendaki
di antara klon. Penggunaan primer yang terhad menunjukkan
penggunaan RAPD dan DALP tidak sesuai untuk kajian ini. Dalam Kajian
RNA, jujukan cDNA diamplikasi dengan tiga set primer iaitu dari
‘Amplified Differential Gene Expression (ADGE), Differential Gene
Expression Based Annealing Control Primer analysis (DEG-ACP)” dan
primer berkait dengan kandungan gula dari “peach” dan tomato. Lima
penanda molekular berkait dengan penghasilan gula telah dihasilkan
daripada perbezaan antara pengekspresan gen kumpulan “Acid” dan
“Acidless”. Tiga penanda (M1, M3 and M4) dari ADGE, penanda HK1
dari primer berkait dengan kandungan gula dari ‘peach” dan tomato.
Manakala satu penanda (TYN4) dari (ACP-PCR). Dengan pembangunan
penanda ini boleh digunakan sebagai “marker assisted selection (MAS)”
untuk membantu mengenalpasti “Quantitative Trait Loci“ pada nanas. Ini
kerana kebanyakan cirri-ciri kuantitatif pada tumbuhan pertanian adalah
dikawal oleh poligen. Dengan mengenalpasti QTL ini boleh digunakan
untuk pembaikbakaan tanaman seperti kandungan gula dalam nanas,
dengan mengurangkan masa, mengurangkan penghasilan buah
kandungan gula rendah dan meningkatkan penghasilan buah nanas
dengan kandungan gula tinggi.

vl



ADGE
AFLP
ACP
bp
BLA
BSA
CO,
cm
cDNA
°C
DNA
dNTP
DEPC
DEG
DALP
dH,0
EtBr
EST
Kb
LMW-PEG

mRNA

LIST OF SYMBOLS/ABBREVIATIONS

Amplified Differential Gene Expression
Amplified Fragment Length Polymerase
Annealing Control Primer

Base pair

Bulked Line Analysis

Bulked Segregant Analysis

Carbon dioxide

Centimeter

Complimentary deoxyribonucleic acid
Degrees Clesius

Deoxyribonucleic Acid
Deoxynucleoside triphosphate
Diethylpyrocarbonate water

Differential Expressed Gene

Direct Amplification of Length Polymorphism
Distilled water

Ethidium bromide

Expressed Sequence Tag

Kilobase

Low molecular weight polyethyglycol

Messenger ribonucleic acid

vii



ol

ng

%

pmol
PCR
QTL
RAPD
RFLP
RT-PCR
rpm
RNA
SNP
SDS
Tris-HCI

uv

w/v

Micro liter

Nanogram

Percentage

Pico mol

Polymerase chain reaction

Quantitative Trait Loci

Random Amplified Polymorphic DNA
Restriction Fragment Length Polymorphism
Reverse Transcriptase Polymerase Chain Reaction
Revolutions per minute

Ribonucleic Acid

Single Nucleotide Polymorphism

Sodium dodecyl sulphate

Tris hydrochloride

Ultraviolet

Volts

Weight over volume

vill



n

ng

%

pmol
PCR
Qs
RAPD
RFLP
RT-PCR
rpm
RNA
SNP
SDS
Tris-HCI
uv

Vv

w/v

Micro liter

Nanogram

Percentage

Pico mol

Polymerase chain reaction

Quantitative Trait Loci

Random Amplified Polymorphic DNA
Restriction Fragment Length Polymorphism
Reverse Transcriptase Polymerase Chain Reaction
Revolutions per minute

Ribonucleic Acid

Single Nucleotide Polymorphism

Sodium dodecyl sulphate

Tris hydrochloride

Ultraviolet

Volts

Weight over volume

viil



CONTENTS

Page
TITLE i
ACKNOWLEDGEMENT iii
ABSTRACT v
ABSTRAK Vi
LIST OF SYMBOLS/ABBREVIATIONS Vii
CONTENTS iX
LIST OF FIGURES Xiv
LIST OF TABLES XVii
CHAPTER 1 INTRODUCTION 1
CHAPTER 2 LITERATURE REVIEW 4
2.1 Pineapple 4
2.1.1 Origin and history <
2.1.2 Morphological characterizations 6
2.1.3 Main pineapple cultivar varieties in Malaysia 9
2.2 Biochemical Changes in Pineapple During Ripening Period i3
2.3 Recent Development in Production of Sweet Testing Protein 14
2.4  Molecular Markers 17
2.5  Differential Expression Technique 24
2.5.1 Differential Expressed Gene Method (DEG) 24

2.5.2 Amplified Differential Gene Expression (ADGE) 25



2.5.3 Screening The Pineapple Marker Linked-Sugar Content
From Peach And Tomato
2.6 Bulked Segregant Analysis (BSA)

2.7 Bulked Line Analysis (BLA)

CHAPTER 3 BULKED LINE ANALYSIS

3.1 Introduction
Iz Materials and Methods
3.2.1 Plant materials
3.2.2 Fruit Characteristics study of the pineapple
3.2.3 Sugar content (% Brix) and pH measurement
3.2.4 Grouping of The Pineapples
3.2.5 DNA extraction
3.2.6 Random Amplified Polymorphic DNA (RAPD) analysis
3.2.7 Direct Amplification of Length Polymorphism (DALP) analysis
3.2.8 Gel purification of the targeted fragments
3.2.9 Cloning of the targeted fragment linked to sugar production
3.2.10 Plasmid miniprep to isolate the clone of targeted fragments
3.2.11 Sequencing for the purified plasmid DNA suspected marker linked
to sugar production
3.2.12 Bioinformatics analysis of sequencing data collected
33 Results
3.3.1 Fruit Characteristics study, sugar content (% Brix) and
pH measurement
3.3.2 DNA extraction

3.3.3 Random Amplified Polymorphic DNA (RAPD) Analysis

27

27

28

30

30
32
32
33
33
34
34

35

43
43

44

44
45

46



3.4

3.3.3.1 DNA if the “Acidless” and “Acid” bulked group

3.3.3.2 RAPD markers identification using bulked line analysis
3.3.4 Direct Amplification of Length Polymorphism (DALP) Analysis
Discussion
3.4.1 Sugar content (% Brix) and pH measurement
3.4.2 Grouping of The Pineapples
3.4.3 RAPD analysis

3.4.4 DALP analysis

CHAPTER 4 GENE EXPRESSION ANALYSIS RELATED

4.1

42

43

TO SUGAR PRODUCTION PINEAPPLE
Introduction
Materials and Methods
4.2.1 Samples bulked into “Acidless” and “Acid” group pineapple
4.2.2 RNA extraction

4.2.3 First strand cDNA synthesis

4.2.4 Annealing Control Primer-Polymerase Chain Reaction (ACP-PCR)

4.2.5 Amplified Differential Gene Expression (ADEG)
4.2.51 Preparation of hybridized DNA
4.2.5.2 PCR amplification of hybridized DNA
4.2.6 Amplification of pineapple cDNA using marker linked sugar
content from peach and tomato
4.2.7 Gel purification, cloning, plasmid miniprep and DNA sequencing
Results

4.3.1 RNA extraction

46
47
53
56
56
57
57

59

61
61
63
63
63
64
65
66
66

67

69
71
73

73

X1



4.3.2 Annealing Control Primer-Polymerase Chain Reaction (ACP-PCR) 74

4.3.3 ADEG-PCR

4.3.4 Amplification of pineapple cDNA using marker linked sugar
content from peach and tomato

4.3.5 Bioinformatics analysis
4.3.5.1 cDNA sequences and primer design
4.3.52 Comparison sequences with database using BLAST

tools

4.3.5.3 Expressed Sequence Tag (EST)

4.3.6 Test population with potential marker linked sugar content
from pineapple

4.4 Discussion

4.4.1 Differential gene expression analysis

4.4.2 Significance of the homology studies and the marker linked
Sugar content
4421 Markers M1,M2 and M6
4.4.22 Marker M3
4.4.2.3 Marker M4
4424 Marker M5, M7 and HK1-2
4425 Marker HK1-1
4426 Marker TYN4

4.4.3 Differential/alternative pre-mRNA splicing

CHAPTER 5 OVERALL DISCUSSION

5.1 Problems and the Successful Isolated of Marker Linked To Sugar

production.

76

80
80

80

82

84

86
92

92

95
96
99
100
100
101
102

103

107

107

X1l



5.2 Contribution of Marker Linked To Sugar Production To Quantitative Trait
Loci Analysis in Pineapple. 111

5.3  Application Marker Linked To Sugar Production Into Pineapple

Improvement Study 113
CHAPTER 6 CONCLUSION 115
REFERENCES 118

APPENDIXES 131

X1ii



Figure 2.1
Figure 2.2
Figure 2.3
Figure 2.4
Figure 3.1
Figure 3.2

Figure 3.3

Figure 3.4

Figure 3.5

Figure 3.6

Figure 3.7

Figure 3.8

Figure 3.9

Figure 3.10

Figure 3.11

Figure 3.12

LIST OF FIGURES

Page
Inflorescence of pineapple plants 7
Pineapple fruits 7
Josapine pineapple fruit 7
Maspine pineapple fruit 7
Map of Sabah a2

Profile of extracted DNA electrophoresed on 1.0% agarose gel 45

DNA ampilification using RAPD OPA1,2 and 4-7 for Babagon

Population 47
DNA amplification using RAPD OPA 8-13 for Babagon (BW)
Population 47
DNA amplification using RAPD OPA 14-19 for Babagon (BW)
Population 48
DNA amplification using RAPD OPA 3 and OPA 20 for Babagon
(BW) population 48
Gel purification of band isolated from Primer 18 at ~1600bp 48

Transformation of clones inserted with purified band isolated
Primer OPA18 on LB plate containing amplicilin and X-Gal 48

Alkaline lysis with SDS miniprep were performed with 10 positive
clones. 49

DNA re-amplification using the RAPD primer OPA3 against
Babagon (BW) population. 49

DNA re-amplification using RAPD primer OPA12 against Babagon
(BW) population 49

DNA re- amplification using RAPD OPA17 against Babagon
(BW) population 52

X1V



Figure 3.13

Figure 3.14

Figure 3.15

Figure 3.16

Figure 3.17

Figure 4.1

Figure 4.2

Figure 4.3

Figure 4.4

Figure 4.5

Figure 4.6
Figure 4.7
Figure 4.8

Figure 4.9

Figure 4.10

Figure 4.11

Figure 4.12

Figure 4.13

DNA re-amplification using RAPD primer OPA18 against Babagon
(BW) population 52

DNA amplification using RAPD primer OPA20 against Babagon
(BW) population 52

Comparison between “Acid” and “Acidless” groups for primer
pairs DALP 233/R, DALP 234/R and DALP 241/R 54

Comparison between “Acid” and “Acidless” groups for primer
pairs DALP 231/R, DALP235/r and DALP 242/R 55

Comparison between “Acid” and “Acidless” groups for primer
DALP 235/R 55

RNA extration from pineapple fruit samples using the LMW-PEG
Method showed intense RNA bands free from polyphenolic and

Polysaccharides contamination 75
cDNA amplification using ACP4 75
cDNA amplification using primers ACP2, ACP3 and ACP5
Respectively 75
First and second amplification with primers CT196/134 and

TT 196/134 respectively 77
Second amplification with primers CT (196/200, 200/22, 196/193)
And TT (196/200, 200/22, 196/193) respectively 78
Amplification using CT 196/218 and TT 196/218 78
Gel purification of the seven unique bands 78
Purified DNA fragments were used for the cloning 79

Alkaline lysis with SDS miniprep were performed with 5 positive
Clones 79

Comparison cDNA of “Acid” and “Acidless” fruit using marker HK1 79

Comparison between the “Acid” and “Acidless” group pineapple
Using primer pair ADyn1 87

Comparison between the “Acid” and “Acidless” group pineapple
Using primer pair ADyn3 88

Comparison between the “Acid” and “Acidless” group pineapple
Using primer pair ADyn4 89

XV



Figure 4.14

Figure 4.15

Figure 4.16

Comparison between the “Acid” and “Acidless” group pineapple
Using primer pair HK1 90

Comparison between the “Acid” and “Acidless” group pineapples
Using primer pair ACP4' 91

Example of model of alternative splicing occurring in M1, M2 and
M6 105

XV1



Figure 4.14

Figure 4.15

Figure 4.16

Comparison between the “Acid” and “Acidless” group pineapple
Using primer pair HK1 90

Comparison between thg “Acid” and “Acidless” group pineapples
Using primer pair ACP4' 91

Example of model of alternative splicing occurring in M1, M2 and
M6 105

XVi



Table 3.1
Table 3.2

Table 3.3

Table 3.4

Table 3.5

Table 4.1

Table 4.2

Table 4.3

Table 4.4

Table 4.5

Table 4.6

Table 4.7
Table 4.8

Table 4.9

LIST OF TABLES

Page
List of primers screened from Kit OPA and their sequences 36
Sequence of the DALP primers used in the experiment 38
Pineapple DNA from Babagon (BW) samples were chosen and
grouped into two groups, “Acid” and “Acidless” according
to their % Brix 46
Sequence of band isolated from OPA18 and sequence
homology. 51
DNA samples from different pineapple varieties were bulked
Into “Acid” and “Acidless” group pineapple according to their
% Brix. 54
Sequence of the Arbitrary ACPs primer from GeneFishing
(Seegene, USA) 66
Sequence of the primers and adaptors (Chen et al., 2001) 68
Sequence of primer pairs for marker linked sugar content
from peach and tomato 70

Primer sequences for marker linked to sugar content in pineapple. 73

Individual cDNA sample from Beaufort (BE) population were
Grouped into “Acid” and “Acidless” groups of pineapples

according to their % Brix. 74
GenBank Accession Numbers and sequences of the isolated

markers. 81
Summary of Blastn (NCBI) results for the isolated markers 82
Summary of Blastx (NCBI) results for the isolated markers 84
Summary of EST (NCBI) results for the isolated markers 85

XVl



Table 4.10

Table 4.11

Table 4.12

Data for densities of bands produced by marker M3 obtained
Using Alphalmager 2200, in integrated density values

Summaries of TYN4 band densities using Alphalmager 2200,

Intergrated density value (%)

Summary of the markers using Blastn, Blastx and EST

89

91

97

XVviil



CHAPTER 1

INTRODUCTION

Ananas comosus (Family: Bromelieceae), commonly known as pineapple, is an
important tropical fruit in Malaysia. The sweet taste of pineapples is one of the
important reasons why it is in high demand in the food industry for making jams,
canned food products, biscuits and fruit juices. According to the Federal Agricultural
Marketing Authority (FAMA, 2006), the average world production of pineapples from
2004-2005 was 4,643,891.5 metric tones which accounts for RM6.89 million of the
average value of world export. In terms of the balance of the trade, Malaysia earned
about RM 9.25 million, which contributed a lot to the nation’s economy (FAMA, 2006).
In the state of Sabah, farmers earn about RM 80,000 per hectare from pineapples
plantations annually (FAMA, 2006). This indicates that the pineapple is an important
contributor to the Malaysian economy. Currently, there are three pineapples cultivars
which are renowned for its sweetness in Malaysia, namely Smooth Cayenne

(Sarawak), Mauritius and Josapine (a hybrid developed by MARDI).

Pineapples originated from South America but are now widely grown
throughout the tropics and the subtropics such as in Hawaii, the Philippines, the
Caribbean area, Malaysia, Taiwan, Thailand, Australia, Mexico, Kenya and South
Africa (Bartolome et al., 1994). During 1700, the Dutch used the cross breeding
technique to improve the quality of the pineapples (Bartolome et al.,, 1994). However,
most pineapple varieties produced fruits with low sugar content quality. Thus, a better
knowledge of the genetic and molecular basis underlying fruit quality would benefit

pineapple breeding programmes. Development of molecular markers is important for



marker-assisted selection in plant breeding programmes. It is based upon the
principle that a gene(s) conferring a trait of interest is linked to an easily identifiable
molecular marker. It may be more efficient to select in a breeding program for the
marker than for the trait itself. Application of markers to introgression programs can
result in a reduction in the number of breeding cycles needed by improving the
selection efficiency, particularly at the early stage. Identification for the molecular
marker such as Ristriction fragment length polymorphism (RFLP) associated with Rf
gene in rice using Bulked Line Analysis (BLA) (Tan et al, 1998), is one of the
example how marker can helped in time saving especially in preparation of genetic

stock.

Bulked Line Analysis (BLA) is the best methodology to quickly identify the
linkages between target trait (sugar content) and genetic markers (Tan et al., 1998).
In this study, bulked DNA from low sugar content pineapples are compared to the
bulked DNA of high sugar content pineapples by evaluating the differences in the
pattern of DNA fragments. This can be done by amplification for DNA with
appropriate molecular marker prior of comparison between the groups. Then the
fragment predicted to be the gene controlling the production of sweetness trait can be
isolated and identified through DNA sequencing. The development of DNA based
genetic markers has had a revolutionary impact on plant genetics. With DNA markers
such as mitochondrial DNA, Restriction Fragment Length Polymorphism (RFLP),
Random Amplified Polymorphic DNA (RAPD), Amplified Fragment Length
Polymorphism (AFLP), Microsatellite, Direct Amplified of Length Polymorphism
(DALP), Single Nucleotide Polymorphism (SNP) and Expressed Sequence Tag (EST)
markers, it is theoretically possible to observe and exploit the genetic variation in the
entire genome (Liu et al., 2004). The application of DNA markers in this study will
allow rapid progress in the investigation of the genetic variability and inbreeding,

parentage assignments, species and strain identification and the construction of high

to



