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Little is known about the function of genes expressed in oil palm vegetative 

meristem tissues, which are expressed during transition from vegetative to 

reproductive growth, and those expressed during the formation of abnormal 

inflorescence. This study was aimed at isolating sufficiently large numbers of 

expressed sequence tags (ESTs) from an oil palm vegetative meristem cDNA library 

so that the expression of genes in this tissue could be studied. The genes (or ESTs) 

that were specifically expressed in vegetative meristems at early stages of normal 

inflorescence meristem development, and in abnormal inflorescence meristems were 

isolated to study the transition from vegetative to reproductive growth and the 

formation of floral abnormalities from clonal palms. 

A random EST approach has been used to obtain vast amounts of genes from 

many organisms. However, the random EST approach may result in the isolation of 

clones that are highly repeated in proportion to their abundance in the mRNA 
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population of the appropriate tissues. Therefore, cold-plaque screemng and 

suppression subtractive hybridization (SSH) techniques were employed in the EST 

approach to isolate as much unique transcripts as possible in this study. 

Based on the EST collections made from the vegetative meristem tissues, 

1088 ESTs were isolated. The redundancy of the ESTs was reduced to about 18.9% 

where 81.1% out of 1088 oil palm vegetative meristem ESTs were unique due to the 

use of the cold-plaque screening approach. Classification of the putative function of 

ESTs provides an idea of the type of genes expressed in the vegetative meristem 

tissue. The expressed genes range from housekeeping genes to genes related to 

photosynthesis. About 44% of the ESTs were unknown and were not characterized in 

other species. 

Stage specific expressed genes were isolated from vegetative meristem, 

inflorescence meristem, normal and abnormal inflorescence meristem subtraction 

libraries. About 601 contigs were identified from these four subtraction libraries. 

More than 57% of the ESTs encoded unknown functions. Through the use of digital 

differential display calculations, the ESTs were expressed in a tissue specific manner. 

Reverse northern analysis confirmed that the the majority of the EST -contigs were 

tissue specific. 

This study reveals that the apical meristem devotes more cellular activity to 

the biosynthesis of cellular components than to photosynthesis which is predicted 

from the EST analysis and physiological experiments conducted on plants. This study 

also reveals profound changes in gene expression that are involved in the transition 
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from the vegetative meristem to an inflorescence meristem that is driven by the action 

of a series of genes expressed in a stage-specific manner. Significant differences in 

gene expression between normal and abnormal inflorescence meristems could not be 

detected with this EST approach. Transient changes in gene expression or epigenetic 

phenomenon have been proposed to explain the molecular basis of abnormal floral 

development. 
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Pengerusi Harikrishna a/l Kulaveerasingam, Ph.D. 

Fakulti Sains Makanan dan Bioteknologi 

Pengetahuan mengenai fungsi gen-gen yang diekspres di dalam tisu meristem 

vagetatif kelapa sawit, pertumbuhan daripada fasa vagetatif kepada fasa pembiakan 

dan juga pembentukan infloresen abnormal adalah terhad. Tujuan kajian ini adalah 

untuk memencil bilangan tag urutan terekspres " expressed sequence tags (EST)" 

yang mencukupi daripada perpustakaan tisu meristem vagetatif kelapa sawit dan ini 

membolehkan gen-gen ekpres di dalam tisu ini dapat dikaji. Gen-gen (atau ESTs) 

yang diekspres secara spesifik di meristem vagetatif, awal pertumbuhan infloresen 

meristem normal dan di dalam infloresen meristem abnormal telah dipencil untuk 

pengajian pertumbuhan daripada fasa vagetatif kepada fasa pembiakan bunga dan 

juga pembentukan infloresen abnormal daripada klon-klon pokok kelapa sawit. 

Kaedah EST rawak telah digunakan untuk mendapatkan jumlah gen-gen yang 

besar daripada organisma-organisma. Tetapi, kaedah ini menghasilkan pengulangan 

klon-klon yang tinggi yang berkadar langsung kepada perkadaraan populasi mRNA 

untuk tisu-tisu berkenaan. Oleh itu, kaedah penyalingan "cold-plaque" dan teknik 
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untuk tisu-tisu berkenaan. Oleh itu, kaedah penyalingan "cold-plaque" dan teknik 

"suppression subtractive hybridization (SSH)" digunakan di dalam kaedah EST untuk 

memencil sebanyak mungkin transkrip-transkrip yang unik. 

Berdasarkan kepada koleksi EST dibuat daripada tisu meristem vagetatif, 

sebanyak 1088 EST telah dipencil. Redandensi EST telah dikurangkan kepada 18.9% 

di mana 81.1 % daripada 1088 EST meristem vagetatif kelapa sawit adalah unik 

setelah menggunakan kaedah penyalingan "cold-plaque". Klasifikasi 

berkemungkinan fungsi EST dapat mempamirkan idea jenis gen-gen yang diekspres 

di dalam tisu meristem vagetatif. Jenis gen yang diekspres berlingkung daripada gen

gen pengekalrumahan kepada gen-gen berkaitan dengan fotosintesis. Lebih kurang 

44% daripada fungsi EST masih tidak diketahui dan tidak dikaji di mana-mana spesis 

lain. 

Gen-gen yang diekspres secara tahap spesifik telah dipencil daripada 

perpustakaan penolakan meristem vagetatif, normal dan abnormal meristem 

infloresen. Lebih daripada 57% EST mengekod protein yang masih tidak diketahui 

fungsinya. Dengan menggunakan penghitungan pembezaan pamir digital, EST adalah 

diekspres secara bentuk spesifik. Analisis "reverse northern" mengenalpasti 

kebanyakan EST diekspres secara tisu spesifIk. 

Kajian ini menunjukan bahawa aktiviti meristem pucuk lebih cenderong kepada 

aktiviti penghasilan komponen selular daripada fotosintesis yang dijangka daripada 

analisis EST dan eksperimen fisiologi yang dijalankan ke atas tumbuhan. Kajian ini 

juga menunjukan perubahan pengekspresian gen yang melibatkan perubahan 
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daripada meristem vagetatif kepada meristem infloresen adalah dijana oleh aksi sesiri 

gen-gen yang diekspres secara bentuk tahap-spesifik. Perbezaan yang siknifikan di 

dalam pengekspresian gen antara normal dan abnormalmeristem bunga tidak dapat 

dikesan dengan kaedah EST. Perubahan "transient" dalam pengekspresian gen atau 

fenomena "epigenetic" telah dibentang untuk menjelaskan pertumbuhan infloresen 

abnormal secara asas molekular. 
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CHAPTER l 

INTRODUCTION 

Oil palm constitutes one of our most important natural resources. It provides 

not only fibres and wood but also many biochemicals, such as oils. It is one of the 

economically important oil bearing crops, the highest oil producer per unit land area 

in the world. At present, palm oil production is second only to that of soybean oil in 

terms of world vegetable oil production. 

The challenge that the oil palm industry in Malaysia will  face in the 21 st 

century is its ability to maintain competitive and remain profitable while facing 

labour shortages and limited land resources. Furthermore, in the years to come, the 

demand for palm oil is expected to increase. In order to fulfil the increasing demand 

for palm oil, an improvement in yield is required. Floral development is an important 

introductory step that leads to fruit formation. 

Flowering can be defined as the transition from vegetative to reproductive 

growth. This transition is manifested as a change in properties of the shoot apical 

meristem, which stops producing leaves and instead starts producing the floral 

meristems that give rise to flowers (Hong, 1 998). Therefore, a deep understanding of 

the mechanisms regulating gene expression during the transition from vegetative 

stage to inflorescence or flowering stage will facilitate the genetic improvement of 

oil palm. 
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Very little is known about the genes that mediate the early phase of meristem 

progression. It is this stage of meristem conversion that defines the boundary 

between vegetative and reproductive growth (Colasanti and Sundarresan, 1 996). 

Therefore, several approaches could be taken to study floral development and to 

identify various genes that are expressed in the various tissues. 

An important factor that affects floweing and oil production is abnonnalities 

in flower development. Since palm oil is derived from fruits that are products of 

flowering, some basic knowledge of the molecular aspects of abnonnalities at an 

early stage of development would be useful. 

One of the experimental approaches used to examine the molecular basis of 

flower development was to isolate single genes from various stages of floral tissues 

by means of conventional molecular biology methods such as differential screen ing 

of appropriate cDNA libraries (Shahrul, 1998) and a mRNA fingerprinting approach 

to isolate flower-specific cDNA in oil palm (Singh and Cheah, 2000). These 

techniques, although useful in directly identifying genes of interest, are however, 

time consuming, labonous and require large amounts of starting materials. 

In recent years, a random EST approach has been used to obtain vast amounts 

of gene resources and has revolutionized the means by which functional genes can be 

identified and isolated from many organisms. After the first report on this approach 

by Adams et a!. ( 1 99 1 ), EST infonnation has been rapidly accumulated (Adams et 

a!. , 1 992; Okubo et al., 1 992; Cooke et al., 1996; Ablett et al., 2000) and has become 

a major constituent of gene expression studies, and is also seen as an inexpensive and 
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rapid mean to identify large numbers of expressed genes from several developmental 

stages of flowering. 

However, the random EST approach may result in the isolation of clones that 

are highly repeated in proportion to their abundance in the mRNA population of 

tissues. Thus, genes expressed at very low levels are not likely to be found within 

EST clones unless large numbers of ESTs are sequenced. These low abundance 

genes may be involved in important functions during floral development. To address 

this "expression bias", a cold-plaque screening technique (Hodge et al., 1 992) and a 

suppression subtractive hybridization method (Diatchenko et al., 1 996) have been 

used to reduce the prevalence of cDNAs corresponding to abundant transcripts as 

well as those expressed constitutively. 

Bioinfonnatics plays a central role in EST data management and faci l itates 

gene identification in a high throughput manner. Bioinformatics software such as 

BLAST (Altschul et al., 1997) and Spotfire (Spotfire, USA), relate to the acquisition, 

archiving, deposition, retrieval, analysis, interpretation and display of biologically 

important data so as to answer biological problems such as, what a newly discovered 

gene does and what place it has in the complex mechanisms of the organisms life 

cycle. 

The objective of this study was to isolate sufficiently large numbers of ESTs 

derived from an oil palm vegetative meristem cDNA library that can provide 

preliminary information about the expression of genes of that specific tissue. The 

differentially expressed genes between two set of tissues: "vegetative meristem and 
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