
i 
 

Abstract 
Basal stem rot disease (BSR) is a common disease that affects the Malaysian oil palm.  The 

disease devastates thousands of hectares of oil palm plantings in Southeast Asia every year.  

It is caused by the fungus Ganoderma boninense, which infects the oil palm trees, causing 

loss of yield and finally killing the trees.  In the present study, gene expression and 

proteomic investigations were carried out on the root tissues of the oil palm infected with G. 

boninense.  While the gene expression data obtained from this study may be used in future 

work on the development of resistant or tolerant oil palm varieties against this fatal 

infection, the proteomics data can be used to develop protein biomarkers that may be used 

for the early detection of the fungal infection.  Three different plant genes related to 

response to fungal infection, comprising those that express polygalacturonase-inhibiting 

protein (PGIP), lipid transfer protein (LTP) and pathogen related protein 10 (PR10), were 

identified in the oil palm, based on conserved sequences of  the same genes of other 

monocots.  The three identified gene sequences demonstrated high similarities with their 

counterparts from the other monocots and up to 100% identity with those of rice.  When 

expression of the genes was studied in the oil palm roots, the highest levels of expression 

for all three genes were detected in uninfected palms for all the three genes. The levels of 

expression of the genes significantly decreased subsequent to an infection with G. 

boninense for all treatment timeframes studied (2, 4, 6 and 8 weeks post infection). 

Collectively, the gene expression investigation that was performed in this study 

demonstrated the coordinated down-regulated expression of defence related genes PGIP, 

LTP and PR10 in the oil palm roots during the early stages of infection with G. boninense.  

This differential expression may provide some indication as to how the fungus actively 

suppresses the host response and/or escape being recognized by the host system allowing 
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for the establishment of the infection.   In an attempt to identify proteins that may be used 

as biomarkers for the early detection of G. boninense infection of the oil palm, a  

proteomics study was performed on proteins extracted from the infected and non-infected 

root tissues of the oil palm plant. The study allowed for the investigation of the global 

response of the oil palm genome to the pathogen during the early stages of infection.  When 

profiled by 2-dimensional gel electrophoresis, 61 protein spots were initially detected to be 

differentially expressed between the uninfected control and infected root tissues.  Among 

the differentially expressed proteins, 22 spots that showed highest differential expression 

were chosen for identification.  This included 13 proteins that were significantly down-

regulated and 9 that were significantly up-regulated subsequent to the G. boninense 

inoculation.  Analysis by mass spectrometry and database search generated 21 protein hits, 

with 11 of them considered putatively identified on the basis of MASCOT scores of more 

than 55.  However, among these 11 proteins, two were of unknown functions, while the 

remainder included enolase, fructokinase, caffeoyl-CoA O-methyltransferase, caffeic acid 

O-methyltransferase, aminopeptidase, enoyl-acyl carrier protein reductase, pyridoxal 5- 

phosphate (PLP)-dependent enzyme, malate dehydrogenase and ATP synthase.  While the 

altered expression of these proteins may have some physiological relevance to the plant, 

such as the need to change its metabolism or being involved in its defence mechanism, 

these proteins may also be exploited for their potential use as biomarkers for oil palm root 

infection.  The analysis of activation and synthesis of infection/stress related proteins 

identified can potentially generate a set of biomarkers to discriminate between different 

defence-related strategies, as diagnostic tools and in the prognosis monitoring of basal stem 

rot infection.   
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Abstrak 
Penyakit Basal Stem Rot (BSR) adalah penyakit biasa yang menjangkiti pokok kelapa 

sawit di Malaysia. Setiap tahun, penyakit ini telah dilaporkan mengakibatkan kerugian pada 

beribu-ribu hektar ladang kelapa sawit di Asia Tenggara. Penyakit ini berpunca daripada 

sejenis kulat, Ganoderma boninense yang menjangkiti kelapa sawit, mengakibatkan hasil 

kelapa sawit berkurangan dan akhirnya membunuh pokok tersebut. Di dalam kajian ini, 

penyiasatan berkaitan ekspresi gen dan proteomik telah dijalankan pada tisu akar kelapa 

sawit yang telah dijangkiti oleh G. boninense. Maklumat ekspresi gen yang diperolehi 

daripada kajian ini boleh digunakan untuk kajian-kajian akan datang bagi menghasilkan 

variati kelapa sawit yang mempunyai daya tahan terhadap penyakit ini. Manakala 

maklumat proteomik boleh digunakan dalam kajian-kajian akan datang bagi mengenalpasti 

protein bio-penanda untuk pengesanan awal jangkitan kulat.  

Tiga gen tumbuhan yang berhubung kait dengan tindak balas terhadap jangkitan kulat,  

iaitu gen yang mengekspres protein penghalang polygalacturonase (PGIP), protein 

pemindahan lipid (PLT) dan protein 10 berkaitan patogen (PR10) dikenalpasti di dalam 

sistem pokok kelapa sawit, berdasarkan jujukan serupa daripada gen yang sama yang 

terdapat pada tumbuhan monokot yang lain. Ketiga-tiga gen ini menunjukkan persamaan 

yang tinggi dengan gen dari tumbuhan monokot yang berkait rapat dengan kelapa sawit dan 

juga menunjukkan 100% identiti dengan beras. Apabila ekspresi gen ini dikaji pada akar 

kelapa sawit, ketiga-tiga gen menunjukkan kadar ekspresi yang tinggi pada pokok kelapa 

sawit yang tidak dijangkiti. Manakala, kadar ekspresi gen didapati berkurangan secara 

signifikan apabila dijangkiti oleh G. boninense untuk semua sampel tanpa mengira tempoh 

jangkitan (2, 4, 6 atau 8 minggu selepas jangkitan). Secara keseluruhannya, siasatan 
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ekspresi gen yang dijalankan di dalam kajian ini menunjukkan ekspresi gen yang berkaitan 

dengan sistem pertahanannya, PGIP, LTP dan PR10, menurun secara koordinasi semasa 

peringkat awal jangkitan G. boninense pada akar pokok kelapa sawit. Perbezaan ekspresi 

ini berkemungkinan memberi pentunjuk tentang bagaimana kulat menghalang tindak balas 

hos dan/atau terlepas daripada dikenalpasti oleh sistem pertahanan hos sekaligus 

membolehkan jangkitan berlaku. Di dalam usaha untuk mengenalpasti protein yang boleh 

digunakan sebagai biopenanda untuk pengesanan awal jangkitan G. boninense pada kelapa 

sawit, kajian proteomik telah dijalankan pada protein yang diekstrak daripada tisu akar 

pokok kelapa sawit yang telah dijangkiti dan yang tidak dijangkiti. Kajian ini membolehkan 

siasatan tentang tindak balas umum genom kelapa sawit pada patogen semasa peringkat 

awal jangkitan. Apabila pemprofilan dilakukan menggunakan elektroforesis gel 2 dimensi, 

61 bintik protein yang dikenalpasti daripada tisu akar yang dijangkiti dan tisu akar kawalan 

yang tidak dijangkiti telah menunjukkan ekspresi yang berbeza pada peringkat awal. 

Daripada protein-protein yang telah diekspresikan itu, 22 bintik protein yang menunjukkan 

ekspresi protein yang tertinggi telah dipilih untuk tujuan identifikasi. Ini termasuk 13 

protein yang menunjukkan penurunan dan peningkatan yang signifikan berikutan inokulasi 

G. boninense. Analisa menggunakan spektrometri jisim dan carian pangkalan data menjana 

21 hasil carian, 11 daripadanya telah diambilkira sebagai wujud berdasarkan skor 

MASKOT yang melebihi 55. Bagaimanapun, daripada 11 protein ini, 2 daripadanya tidak 

dapat dikenalpasti fungsinya manakala yang selebihnya merupakan  enolase, fruktokinase, 

kafeoil-CoA O-metiltransferase, asik kafeik O-metiltransferase, aminopeptidase, protein 

pembawa enoil-asil reductase, piridoksil 5-fosfat (PLP)-enzim dependen, malat 

dehidrogenase dan ATP sintase. Sementara perubahan ekspresi protein-protein tersebut 

mungkin mengakibatkan kesan fisiologi pada tumbuhan, seperti keperluan untuk mengubah 
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proses metabolism atau penglibatan di dalam mekanisme pertahanan, protein-protein ini 

juga boleh dieksploitasikan bagi potensi penggunaannya sebagai bio-penanda untuk 

jangkitan akar pokok kelapa sawit. Analisa aktivasi dan sintesis protein yang berkaitan 

jangkitan/stres yang dikenalpasti boleh menjana suatu set bio-penanda untuk membezakan 

strategi yang berkaitan pertahanan, sebagai alat diagnostik dan semasa prognosis 

pengawasan jangkitan BSR. 
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