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Due to the economic importance of tissue culture in oil palm, it is desirable to
understand the chemical characteristics and molecular changes associated with
callogenesis and embryogenesis. Therefore partial sequencing of randomly selected
complementary DNA (cDNA) clones was carried out to investigate and understand the
gene expression pattern during non-embryogenic callus in oil palm. A total of 2,296
clones from cDNA libraries constructed using messenger RNA (mRNA) from non-
embryogenic callus tissues have been partially sequenced to generate expressed sequence
tags (ESTs). The comparison of the coding capacity of these 1,832 ESTs with the non-
redundant sequences in the National Center for Biotechnology Information (NCBI)
databases resulted in assignment of putative function to 971 (53.0%) of the ESTs. The
remaining 861 (47.0%) were considered as novel genes. Hybridization of the 80 selected
cDNA clones to **P-labelled first strand cDNA probes synthesized from the total mRNA
of NEC was compared with probes prepared from mRNA of leaves. A total of 12 clones,
which hybridized predominantly to the NEC but not to the leaf probe were selected for

Northern analysis. The Northern analysis showed that 9 out of the 12 ESTs clones
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selected were expressed predominantly in the callus tissue. However, carrying out a
sequence comparison using the BLAST algorithm, only 1 out of the 9 clones had
significant homology to a known gene, glutathione-S-transferase (GST) gene. The
remaining 8 unidentifiable ESTs were then subjected to a motif search using the Blocks
IMProved Searcher (BLIMPS) program. Based on the search results, 4 different motifs
were identified to be related to the 8 ESTs and they are either involved in developmental
regulation or protein storage function. The results presented here therefore demonstrate
the effectiveness and efficiency of the EST strategy in gene discovery in the oil palm

callus tissue.
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai
memenuhi keperluan untuk ijazah Master Sains

PENJANAAN PENANDA JUJUKAN TEREKSPRES (ESTs) DARIPADA KALUS
TAK-EMBRIOGENIK PERPUSTAKAAN ¢cDNA POKOK SAWIT
(ELAEIS GUINEENSIS JACQ.)

Oleh
AMOS TAN CHI YEE
Julai 2003

Pengerusi :  Dr. Tan Siang Hee

Fakulti : Sains Makanan dan Bioteknologi

Berdasarkan kepada kepentingan ekonomi kultur tisu pokok sawit, adalah
menjadi satu keperluan untuk memahami pertukaran ciri-ciri kimia dan molekul yang
berkaitan dengan proses kalogenesis dan embriogenesis. Justeru itu, penjujukan-separa
klon-klon DNA pelengkap (cDNA) yang dipilih secara rawak telah dijalankan bagi
memahami paten pengekspresan gen-gen pada kalus tak embriogenik (NEC) pokok
sawit. Perpustakaan cDNA telah dibina menggunakan RNA pengutus (mRNA) daripada
kalus tak embriogenik. Sebanyak 2,296 klon daripada perpustakaan cDNA telah
dijuyjukkan untuk mengenalpasti penanda jujukan terekspres (EST). Perbandingan
kapasiti pengkodan 1,832 EST dengan jujukan tak redundan di pangkalan data National
Center for Biotechnology Information (NCBI) telah mengenalpasu 917 (53.0%) EST
mempunyai fungsi putatif. Baki 861 (47.0%) EST dianggap sebagai gen-gen novel.
Sebanyak 80 cDNA klon yang telah terpilih dihibridisasi kepada prob cDNA dimana
bebenang pertamanya dilabel dengan **P. Prob cDNA disintesis daripada mRNA NEC
dan dibandingkan dengan prob-prob yang dihasilkan daripada mRNA daun. Sejumlah 12
klon telah menghibridisasi secara dominan kepada NEC tetapi tidak kepada prob-prob

daun yang telah dipilih untuk analisis Northemn. Analisis Northern menunjukkan 9



daripada 12 klon EST mengekspres secara dominan dalam tisu kalus. Bagaimanapun,
perbandingan jujukan menggunakan algoritma BLAST menunjukkan hanya 1 daripada 9
klon menpunyai homologi yang signifikan kepada gen yang dikenali iaitu gen
glutathione-S-transferase. Lapan EST yang tidak dapat dikenalpasti telah dianalisis
menerusi pencarian motif menggunakan program BLIMPS (Blocks IMProved Searcher).
Berdasarkan kepada keputusan yang diperolehi, 4 motif yang berlainan telah dikenalpasti
mempunyai kaitan dengan 8 EST tersebut. Motif-motif tersebut terlibat sama ada dalam
fungsi regulasi pengembangan atau penyimpanan protein. Keputusan-keputusan yang
diperolehi menunjukkan keberkesanan strategi EST bagi penemuan gen-gen dalam kalus

pokok sawit.
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CHAPTER I

INTRODUCTION

Oil palm (Elaeis guineensis Jacq.) was first introduced into Malaysia from
Central and Western Africa in the early 1870°s (Hartley, 1977). It is currently the second
major source of vegetable oil in the world after soybean (Mielke, 1996). The oil palm
belongs to the family Palmaceae and the genus Elaeis. There are two important species in
the genus Elaeis, they are E. guineensis and E. oleifera. The former is of African origin
and the latter is of South American origin. This diploid monocotyledon is persistent in
the dominance of the single vegetative apex, hence producing no adventitious or

auxillary shoots.

Prior to the advent of tissue culture, there was no known reliable method of
vegetative propagation of oil palm (Wong ef al., 1996). Therefore tissue culture is an
important aspect in the development of the oil palm industry (Cheah & Wooi, 1993),
especially in the generation of superior and uniform oil palm planting materials.
Pioneering work in oil palm tissue culture was carried out by Staritsky (1970) and
Rabechault et al., (1970), and the first successful cloning of mature palms was reported
by Rabechault ef al., (1972) and Corley et al., (1977). However, #ssue culture has its
limitation. The current success rate of callogenesis of oil palm explants remains low, at
about 20 percent, while the average rate of embryogenesis is only 6 percent as reported
by most tissue culture laboratories (Wooi, 1995). Despite the economic importance of oil
palm tissue culture, little is known about the chemical characteristics and molecular

changes associated with callogenesis and embryogenesis.



In plants, a number of approaches have been used to understand the complexity of

gene expression and interaction. The generation of large numbers of partial cDNA
sequences, or expressed sequence tags (ESTs), has provided a method to sample a large
number of genes from an organism. Since its introduction in 1991, the generation of
expressed sequence tags (ESTs) by single-run partial sequencing has proven to be a rapid
and efficient way of obtaining information on mRNA expression patterns from a wide
variety of tissues, cell types, or developmental stages (Adam ef al., 1995; Kawamoto et
al., 1996). It was found that as little as 150 to 400 bases is sufficient for a match to
sequences resident in the databases (Adams et al, 1991). The results of these

comparisons are used as a guide to assign putative identification to the ESTs.

With respect to tissue culture, it has been suggested that many of the functional
genes necessary for embryogenesis are expressed at an early stage from an unorganized
growth state (Sung & Okimoto, 1983; Giuliano & Terzi, 1985; Wilde et al, 1988;
Zimmerman, 1993). Thus a comparison of gene expression pattems in embryogenic
callus and non-embryogenic callus using statistical analysis of ESTs would give us an
insight of not only the embryogenic potency but also the regeneration mechanism of the
plant. Therefore this study is aimed at understanding the gene expression pattemn in non-
embryogenic callus of oil palm. This is carried out by the generation and statistical
analysis of ESTs from non-embryogenic callus of oil palm. This study hopes to generate
some insights into the complexity of genes expressed in non-embryogenic callus of oil

palm.



CHAPTER II

LITERATURE REVIEW

2.1 The Oil Palm

2.1.1 Origin and Distribution

It is thought that the centre of origin of the oil palm is the tropical rain forest
region of West and Central Africa. The plant later spread from Senegal to Angola in a
wide belt along the coast and interior of the Congo River (Hartley, 1977). The oil palm
grows and reproduces readily in a wild and semi-wild state and its successful distribution
was due to the influence of human activities (Ascenco, 1966). The sporadic occurrence

on the East African coast was most likely due to Arab slave traders.

The palm fruits were taken by the early slave traders in the 16™ Century to the
New World, where it became established first in Bahia, Brazil. Favorable climate and
shifting of cultivation practices in Brazil resulted in extensive areas of semi-wild palm
groves. Oil palm seedlings including Elaeis guineensis were grown in European
conservatories in the 18" Century, and, in the following century, it was brought to
Calcutta as omamental plants. The original introduction to the East was from the island
of Mauritius. Four seedling trees were then established in 1848 in the Botanic Garden at
Bogor in Java, which were until the 1950s the original parent to all the oil palms in

Indonesia and Malaya (Whitmore, 1979).



Oil palm was first introduced into Malaya in 1875 (Iman, 1984) and the first
commercial plantings for production of edible oil were in 1917. By 1938, there were 30,
000 ha of land in Malaya already planted with oil palm. After World War II, production
of palm oil increased considerable due to favourable economics. Prices of both oil and
kemels reached four or five times their pre-war level and this remained comparatively
steady for the next 20 years (Hartley, 1977). Due to the higher profitability and demands
caused by the oil’s wide use in industrial applications, rubber plantations were slowly but

steadily being replaced by oil palm plantation in addition to new plantation areas

developed (Moll, 1987).

2.1.2 Botany

2.1.2.1 Classification

The genus Elaeis belongs to the subfamily Cocoideae and to the palm family,
Palmae or Arecaceae, which is an important member of the monocotyledonous group. It
has a basic chromosome number of n=16 and classified in the order Spadiflorae. The
word, Elaeis is derived from the Greek word ‘elaion’, oil, while the specific name
guineensis shows the palm origin, which is the Guinea coast. The fruits of the oil palm
vary widely and the classifications are based on variations of the intemal structure of the
fruits. The examples of these classifications are Dura (shell 2 to 8 mm thick), Pisifera
(shell-less), and Tenera (Shell 0.5 to 4 mm thick). The tenera fruit form is a hybrid of the
dura and pisifera forms, often designated as D x P. Since the late 1950s most
commercially planted palms in Malaysia are Tenera (Whitmore, 1979). The South
American oil palm, Elaeis oleifera (syn. Elaeis melanococca) is another species in the

genus Elaeis. However due to its low oil yield, it is of little economic importance except



