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To date the embryogenesis rate in oil palm tissue culture averages 6%. Thus, there is 

a need to find ways to increase this rate and also to create a selection system that is 

able to distinguish embryogenically competent calli from their non-embryogenic 

counterpart at an early stage. Using cold plaque screening of oil palm suspension 

cultures, about 1000 clones were isolated. About sixty-four percent of the clones 

have extremely low expression levels in suspension cultures and non-embryogenic 

calli. Another 22% were found to be up-regulated in suspension cultures compared to 

non-embryogenic calli. Out of the 600 sequenced clones, 46% were found to be 

novel or similar to proteins with unknown functions. Most of the other genes were 

found to be involved in cell metabolism and proliferation, which leads to an increase 

in the expression of genes involved in namely, protein synthesis and signal 

transduction pathways. 

cp919.1, a TUBBY-like protein homolog or a similar member of the TULP family is 

up-regulated in non-embryogenic callus. cp 194.2, a member of a novel 

serine/threonine kinase subfamily, is up-regulated in embryogenic callus. As 

III 



hypothesized in the mammalian systems, cp194.2 may play a role in the disruption of 

the extracellular matrix surrounding the proembryogenic masses. Transcripts of 

cp664.2, a truncated leucine-rich-repeat encoding protein and cp6IO.2, a lID-Zip II 

gene were up-regulated in suspension cultures. The role of cp6IO.2 is unknown, but 

it may be involved in the transcription of genes involved in early embryogenesis. 

3N42.2 was isolated by RT-PCR followed by cDNA library screening. 3N42.2, a 

NAC superfamily member, like CUC//2 may be expressed in the presumptive shoot 

apical meristem of the embryos and then be restricted to the boundary regions of the 

apical meristem at later embryogenic stages. 3N42.2 expression then remains at the 

boundary regions of the meristem during post-embryonic development. cp194.2, 

cp610.2 and 3N42.2 may be used as markers for early somatic embryogenesis. 

Functional elucidation needs to be carried out to understand the roles that these 

proteins play in plant development. 

IV 
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Setakat ini, kadar embriogenesis dalam tisu kultur kelapa sawit adalah pada purata 

enam peratus. Oleh itu, cara-cara untuk meningkatkan kadar ini dan menghasilkan 

satu sistem pemilihan yang dapat membezakan kalus berkebolehan embriogenik 

daripada kalus tidak berkebolehan embriogenik pada peringkat awal diperlukan. 

Kira-kira seribu klon telah diasingkan daripada penyaringan 'cold plaque' atas kultur 

ampaian kelapa sawit. Lebih kurang 64% daripada klon-klon tersebut didapati 

mempunyai tahap ekspresi rendah dalam kultur ampaian dan kalus tidak 

embriogenik. Terdapat 22% yang mempunyai ekspresi tinggi dalam kultur ampaian 

berbanding dengan kalus tidak embriogenik. Daripada 600 klon yang dijujulc, 46% 

didapati baru ataupun menyerupai protein yang tidak diketahui fungsinya. 

Kebanyakan gen-gen yang lain didapati terlibat dalam metabolisma sel and 

pemperidian, yang menyebabkan peningkatan dalam ekspresi sel yang terlibat dalam 

sintesis protein dan laluan transduksi isyarat. 

Ekspresi cp919.1, homolog protein 'TUBBY-like', atau ekpresi ahli lain daripada 

famili gen TULP, meningkat dalam kalus tidak embriogenik. Ekspresi cpI94.2, ahli 
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gen daripada sub-famili baru serine/threonine kinase, didapati meningkat dalam 

kalus embriogenik. Serupa dengan hipotesis dalam sistem mamalia, cp194.2 

mungkin berperanan dalam gangguan matriks ekstrasel yang mengelilingi gumpalan 

'proembryogenic'. Profil ekspresi untuk cp664.2, sebahagian protein 'leucine-rich 

repeat', dan cp610.2, gen HD-Zip II, didapati meningkat dalam kultur ampaian. 

Peranan cp610.2 tidak diketahui, tetapi mungkin terlibat dalam transkripsi gen 

semasa peringkat awal embriogenesis. 3N42.2 telah diasingkan melalui RT-PCR dan 

kemudiannya dengan penyaringan koleksi cDNA Transkrip-transkrip 3N42.2, ahli 

NAC 'superfamily', seperti CUC1I2 mungkin ditemui di 'presumptive' pucuk apeks 

meristem dalam embrio dan kemudiannya dihadkan kepada bahagian sempadan 

meristem apeks pada peringkat lewat embriogenesis. Ekspresi 3N42.2 kemudiannya 

kekal berada di bahagian sempadan meristem semasa perkembangan pasca

embriogenesis. cp194.2, cp6lO.2 dan 3N42.2 mungkin boleh digunakan sebagai 

penanda untuk peringkat awal embriogenesis somatik. Kajian fungsi diperlukan 

untuk memahami dengan lebih mendalam tentang peranan protein-protein ini di 

dalam perkembangan tumbuh-tumbuhan. 
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CHAPTER! 

INTRODUCTION 

There is an estimated ready market for more than a hundred million oil palm tissue 

culture plantlets in the world. The oil palm, Elaeis guineensis Jacq., is only amenable 

for vegetative propagation by means of somatic embryogenesis. However, the tissue 

culture process has posed several problems including the low embryogenesis rates 

and abnormalities arising from tissue culture. It is  thus important to alleviate these 

problems to improve the production scale, labour usage, efficiency and cost 

effectiveness of the process to ultimately meet the increasing demands for oil palm 

materials. 

As the molecular studies of oil palm embryogenesis is still relatively new, being 

initiated only at the end of the last decade, efforts are partly focused on finding 

potential molecular markers that will assist in differentiating the embryogenic callus 

from the non-embryogenic callus. This early identification would enable reductions 

in terms of time and costs in the tissue culture process. 

In this study, a few approaches have been taken to identify these potential markers. 

One of which is through cold plaque screening (Hodge et al., 1 992), a technique that 

allows the isolation of medium and low abundant genes. It has been used previously 

in the isolation of low or medium abundant transcripts from various cDNA libraries 

(Ng et al. , 1 996; Schmidt et al. , 1 997; Frugier et a/. , 1 998). Most genes involved in 

the regulation of developmental pathways for example transcription factors are 
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normally present at very low amounts in the cell. Initial efforts are targeted on the 

isolation of putative low abundant genes from oil palm suspension cultures, one of 

the earliest stages in oil palm embryogenesis. The clones obtained will be further 

screened for their preliminary expressions in embryogenic compared with non

embryogenic callus. Subsequently, efforts can be focused on selected clones based 

on their preliminary expression profiles as well as from their sequence identities and 

functional inferences from the database. 

A host of homeodomain proteins play important roles in vertebrates and invertebrate 

embryogenesis including Drosophila, mouse and humans. In the past decade, plant 

homeodomain proteins have been isolated and divided into various families, 

inclusive of the KNl (KNOTTEDl) and the HD-Zip (homeodomain-Ieucine zipper) 

families of proteins which have been found to be involved in the developmental 

functions of the plant as well as in the plant's responses to external environmental 

stimuli. The class I knox genes have been found to be expressed early in 

embryogenesis, mainly in the maintenance of the apical meristem regions (Mayer et 

aI., 1998; Long and Barton, 1998; Chan et at., 1998). Another homeodomain protein, 

WUSCHEL, is expressed very early in embryogenesis and functions probably in the 

initiation and maintenance of stem cell fate in the apical meristem of the embryo 

(Mayer ef aI., 1998). Thus, certain plant homeodomain proteins seems to have 

important roles in embryogenesis as well, however, whether their roles are as 

extensive as compared to animal embryogenesis remains to be determined. 

The shoot apical meristem is established during embryogenesis and is crucial in the 

vegetative and reproductive development of the plant As oil palm has a single 
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vegetative meristem, it is imperative that the apical meristem is properly formed as 

early as the embryogenic stage. Many genes have been found to be important in the 

establishment and maintenance of the shoot apical meristem from the embryogenic 

stage onwards, including particular homeodomain proteins, NAC-domain containing 

genes and the CLAVA T A group of proteins. Certain members of the NAC-domain 

containing genes, the CUP-SHAPED COTYLEDONJ (CUCJ) and CUP-SHAPED 

COTYLEDON2 (CUC2) activate SHOOT MERiSTEMLESS (STU) either directly or 

indirectly (Aida et at., 1 999). STM, a class 1 knox gene is involved in the initiation 

and maintenance of the shoot apical meristem. CUC} and CUC2 also act redundantly 

to mark the boundaries of developing cotyledon primordia and floral organ primodia 

Hence, efforts were also undertaken to isolate some of these genes from oil palm 

embryogenic cultures that may have significantly similar roles in oil palm 

embryogenesis as well. Subsequently, characterization studies would be carried out 

on these genes of interest. 




