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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. 
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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 ONA (RAPO) dan "Direct 
Amplified Length Polymorphisms (OALP) 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 cONA diamplikasi dengan tiga set primer iaitu dari 
"Amplified Differential Gene Expression (ADGE), Differential Gene 
Expression Based Annealing Control Primer analysis (OEG-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 kumpu/an "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. lni 
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 gu/a rendah dan meningkatkan penghasilan buah nanas 
dengan kandungan gula tinggi. 
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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 
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