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By 
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May 2022 
 
 

Chair  : Professor Wong Mui Yun, PhD  
Faculty  : Agriculture 
 
 
Oil palm basal stem rot (BSR) disease is caused by several species of 
Ganoderma including Ganoderma boninense. Available molecular tools for G. 
boninense are essential for providing the knowledge on the fungal infection 
process in oil palm. The objectives of this study are to isolate the full-length cDNA 
encoding Lanosterol 14α-demethylase (GbERG11) from G. boninense, to 
optimize a polyethylene glycol (PEG)-mediated protoplast transformation 
protocol for G. boninense, to perform the GbERG11 gene functional study via 
RNAi-mediated gene silencing approach and to transform the hpRNA-GbERG11 
vectors into oil palm. A full-length 1980 bp cDNA encoding GbERG11 was 
successfully isolated and the GbERG11 shared high similarity (91%) to ERG11 
from other basidiomycete fungi. Southern blot and genome data analyses 
indicated that there is only a single copy of GbERG11 gene in the G. boninense 
genome. An average concentration of 107/ml viable protoplasts were 
successfully isolated from G. boninense mycelium. The G. boninense PEG-
mediated protoplast transformation using 1 µg of transformation vector, 25% of 
PEG solution, 10 min of pre-transformation incubation and 30 min of post-
transformation incubation has improved the transformation efficiency by 33.5 
folds on average. Three hpRNA vectors corresponding to different regions of 
GbERG11 were prepared using the in vitro recombination between the entry 
vectors (containing different target regions of GbERG11) and hpRNA vector, 
pH7GWIWG2(I). The G. boninense transformed with the hpRNA vectors have 
shown reduced growth, expression of ERG11 and ergosterol content as much 
as 57.3%, 32.9% and 42.9%, respectively as compared to the PER71 (wild type). 
Less severe infection symptoms were observed on oil palm plantlets inoculated 
with G. boninense transformants as compared to the G. boninense PER71 (wild 
type) in the initial stages of in vitro inoculation study. Besides that, particle 
bombardment of oil palm calli with the hpRNA vectors (GbERG11) was 
performed. The selection process has led to regeneration of 8 putative 
transgenic greenish polyembryoids.  As a conclusion, a gene function study for 
G. boninense has been successfully developed by using the PEG-mediated 
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protoplast transformation and RNAi-mediated gene silencing approaches. 
Reduced GbERG11 gene expression followed by reduced ergosterol content 
was observed in the G. boninense transformants indicating the functional of this 
molecular tool. The G. boninense transformants have showed reduced 
pathogenicity towards oil palm at the initial stages of the in vitro inoculation study, 
which could highlight the GbERG11 gene role at the initial stage of infection. The 
developed molecular tools in this study can be applied for studying other genes 
in G. boninense, as well as other Ganoderma species or basidiomycete fungi. 
The putative transgenic oil palm plantlets can be further evaluated especially on 
the resistance against G. boninense, which could indicate the potential 
application of RNAi-mediated gene silencing in protecting oil palm against the 
Ganoderma infection. 
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sebagai memenuhi keperluan untuk ijazah Doktor Falsafah 

 

PENYENYAPAN GEN BERPERANTARAAN-RNAi UNTUK GEN YANG 
MENGEKOD LANOSTEROL 14α-DEMETHYLASE (ERG11) DI DALAM 

Ganoderma boninense 
 

Oleh 
 

LIM FOOK HWA 
 

Mei 2022 
 
 

Pengerusi : Profesor Wong Mui Yun, PhD 
Fakulti  : Pertanian 
 
 
Penyakit reput pangkal pokok sawit (BSR) disebabkan oleh beberapa spesies 

Ganoderma termasuk Ganoderma boninense. Penyediaan kaedah molekul 

untuk G. boninense adalah penting untuk menjana pengetahuan mengenai 

proses jangkitan kulat di dalam pokok sawit. Objektif-objektif kajian ini adalah 

untuk mengasingkan jujukan penuh cDNA yang mengekod Lanosterol 14α-

demethylase (GbERG11) daripada G. boninense, untuk mengoptimumkan 

protokol transformasi protoplas berperantaraan polietilena glikol (PEG) untuk G. 

boninense, untuk menjalankan kajian fungsi gen GbERG11 melalui kaedah 

penyenyapan gen berperantaraan RNAi dan untuk mentransformasikan vector-

vektor hpRNA-GbERG11 ke dalam pokok sawit.Satu jujukan-penuh 1980 pb 

cDNA yang mengekod GbERG11 telah berjaya dipencilkan dan GbERG11 

mempunyai kesamaan jujukan yang tinggi (91%) berbanding dengan ERG11 

daripada kulat basidiomycete lain. Analisis pemblotan Southern dan data genom 

menunjukkan hanya terdapat satu salinan gen GbERG11 di dalam genom G. 

boninense. Protoplas yang subur pada purata kepekatan 107 /ml telah berjaya 

diasingkan daripada miselium G. boninense. Transformasi protoplas G. 

boninense berperantaraan PEG dengan menggunakan 1 µg vektor transformasi, 

25% larutan PEG, 10 minit inkubasi pra-transformasi dan 30 minit inkubasi 

pasca-transformasi telah berjaya meningkatkan kecekapan transformasi 

sebanyak 33.5 kali ganda secara purata. Tiga vektor hpRNA yang mensasarkan 

kawasan jujukan GbERG11 yang berlainan telah disediakan dengan 

menggunakan kaedah rekombinasi in vitro antara vektor Entry (yang 

mengandungi kawasan sasaran GbERG11 yang berbeza) dan vektor hpRNA, 

pH7GWIWG2 (I). G. boninense yang terubahsuai dengan vector-vektor hpRNA 

telah menunjukkan penurunan kadar pertumbuhan, pengekspresan gen ERG11 

dan kandungan ergosterol sebanyak 57.3%, 32.9% dan 42.9%, masing-masing 
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berbanding dengan G. boninense PER71 (jenis liar). Gejala jangkitan yang 

kurang serious telah diperhatikan pada anak pokok sawit yang diinokulasi 

dengan transforman G. boninense berbanding dengan G. boninense PER71 

(jenis liar) pada peringkat awal kajian inokulasi in vitro. Selain itu, pengeboman 

zarah kalus sawit dengan vektor hpRNA (GbERG11) telah dilakukan. Proses 

pemilihan telah membawa kepada regenerasi 8 poliembrioid hijau transgenik 

putatif. Sebagai kesimpulan, satu kajian fungsi gen untuk G. boninense telah 

berjaya dibangunkan dengan menggunakan kaedah transformasi protoplas 

berperantaraan polietilena glikol (PEG) dan penyenyapan gen berperantaraan 

RNAi. Pengurangan pengekspresan gen GbERG11 disusuli dengan 

pengurangan kandungan ergosterol telah diperhatikan di kalangan transforman 

G. boninense menunjukkan kefungsian alat molekul ini. Transforman G. 

boninense telah menunjukkan pathogenesis yang kurang terhadap pokok sawit 

pada peringkat awal kajian inokulasi in vitro, di mana mungkin menunjukkan 

peranan gen GbERG11 pada peringkat awal jangkitan. Alat molekul yang 

terbangun dalam kajian ini boleh digunapakai untuk mengkaji gen-gen yang lain 

di dalam G. boninense, termasuk spesis Ganoderma ataupun kulat 

basidiomycete yang lain. Anak pokok sawit transgenik putatif boleh dinilai lebih 

lanjut terutamanya atas kerintangan terhadap G. boninense, di mana boleh 

menunjukkan potensi aplikasi penyenyapan gen berperantaraan RNAi dalam 

melindungi pokok sawit daripada jangkitan Ganoderma. 
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CHAPTER 1 

 
 

INTRODUCTION 
 
 

Oil palm (Elaeis guineensis Jacq.) is an important oil-bearing crop which has 
contributed to about 40% of global vegetable oil output by only utilizing 0.4% of 
the worldwide agricultural land (Jackson et al., 2019). Palm oil has been mainly 
used as edible product and important raw material in non-food industries ranging 
from high value oleo chemicals to production of biodiesel (Parveez et al., 2021). 
Oil palm can also supply basic biomass-derived material for production of paper 
and plywood (Sulaiman et al., 2012). 
 
 
The Malaysian oil palm industry currently faces several challenges including 
limitation of land for oil palm cultivation area expansion, stagnant of national oil 
palm average yield production, climate change, shortage of labour and pest and 
diseases (Fry, 2009; Murphy, 2014; Alam et al., 2015; Kushairi et al., 2019). 
Some of the challenges could be overcame through implementation of new 
government policy, modification of the palm oil processing procedure and 
improve good agricultural practice. However, for the challenges such as pest and 
diseases, comprehensive study on the pest or pathogen is necessary to ensure 
effective control measures could be implemented. 

 
 

Oil palm Basal stem rot (BSR) disease is caused by a few species of Ganoderma 
and has obtained alarming attention in Southeast Asia especially Malaysia and 
Indonesia. In addition, the BSR is also becoming an emerging disease in 
Colombia, which is another palm oil producing country in South America (Castillo 
et al., 2022). The disease was initially reported in Malaya in 1931 (Thompson, 
1931). The first oil palm plantation was setup in Malaya in 1917 at the 
Tenammaran Estate, Kuala Selangor and oil palm cultivation area has increased 
significantly in the 1960s due to the Malaysian government crop diversification 
programme. The oil palm BSR was only found on the older palms initially, which 
are least economic important. However, during the last 30 years, the BSR started 
to be observed on younger palms, as young as 1-2 years after planting (Singh, 
1991). As a result of the disease incidence, as much as 80% of palms could be 
killed when they are only half way of their economic lifecycle. The 10.3% of BSR 
infection rate could cause an estimated loss of RM25.0 billion to the Malaysian 
oil palm industry by 2045 (Olaniyi and Szulczyk, 2020). A recent BSR survey in 
Malaysian oil palm estates showed increased disease incidence from 1.5% 
(1995) to 7.4% (2017) (Idris et al., 2019).  

 
 

Besides BSR, oil palm upper stem rot (USR) incidences were also reported in 
Malaysia, Indonesia and Papua New Guinea (Rakib et al., 2014; Rees et al., 
2012; Pilotti, 2005). Unlike BSR, the Ganoderma infection was occurred on the 
upper part of the oil palm stem or trunk and the airborne-basidiospores or the 
Ganoderma inoculum that grew on dead material (produced during the 
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harvesting process) could be the causal agents of the USR (Hasan et al., 2005; 
Nur-Rashyeda et al., 2021). G. zonatum has been identified as the primary 
pathogen for oil palm USR, follow by G. boninense and G. miniatocinctum (Rakib 
et al., 2015).  
 
 
Various efforts have been initiated for detection and control of the oil palm BSR. 
The disease control principles aimed to minimize the disease incidence in the 
replanting area, prolong the productive life of the disease palms and delay the 
progress of Ganoderma infection (Sariah et al., 2011). Besides that, several 
approaches have been initiated with the aim at understanding the disease and 
pathogen at the molecular level. The works include Ganoderma genome 
sequencing (Utomo et al., 2018), transcriptomic and metabolomic data analyses 
during the oil palm-Ganoderma interaction (Zain et al., 2013; Ho et al., 2016) and 
isolation of potential pathogenicity genes from G. boninense (Rasid et al., 2014; 
Lim et al., 2017; Teh et al., 2019). 

 
 

However, there is still lacking of molecular methods for gene functional study for 
Ganoderma to complement the current available molecular studies. The gene 
function protocol is important to validate the vast molecular data generated from 
the transcriptomic and metabolomic analyses especially those that are involved 
in the Ganoderma pathogenicity and interaction with oil palm (Ho et al., 2016). 
Gene function study provides in depth understanding of the candidate 
gene/metabolome which could then highlight the interaction and infection 
pathway of pathogen in the host (Zhang et al., 2018). The generated knowledge 
is important to understand the pathogen and design effective BSR control 
measures for oil palm in future (Wouw and Howlett, 2011; Ho et al., 2016).   

 
 

Lanosterol 14α-Demethylase (ERG11) is an abundant hemease superfamily and 
involves in the ergosterol biosynthetic pathway in fungi (Zhang et al., 2019). 
Ergosterol is an important component of the fungal cell membrane (Barrett-Bee 
and Dixon, 1995; Veen and Lang, 2005). For decades, fungal ERG11 has been 
targeted for disease control purpose by using Azole-group fungicides (Hof, 2001; 
Sheng et al., 2009).  For oil palm BSR, the Azole group fungicides were found 
effective to inhibit the Ganoderma growth in oil palm and prolong the diseased 
palm lifespan (Idris et al., 2002; 2004). Ganoderma ergosterol was used to 
quantify the progression of the oil palm BSR disease in a number of studies 
(As’wad et al., 2011; Chong, 2012; Muniroh et al., 2014). In a transcriptomic 
study, Ganoderma ERG11 transcript was found in the oil palm inoculated with 
G. boninense (Ho et al., 2016). It is hypothesized that the G. boninense ERG11 
and ergosterol could play essential role during the oil palm infection process and 
downregulation or gene silencing of the gene will reduce the ability of the fungus 
to colonize oil palm. However, the molecular information of G. boninense ERG11 
(GbERG11) and its gene function study are still unavailable until now. 
 
 
This study was aimed at establishing a molecular tool via RNAi-mediated gene 
silencing approach for gene function study in G. boninense. The ERG11 from G. 
boninense was used as a model gene in this study. Gene function study of 



© C
OPYRIG

HT U
PM

3 
 

ERG11 in G. boninense required a reliable G. boninense genetic transformation 
protocol to ensure successful transformation and integration of the vector 
construct into the G. boninense genome. An RNAi-mediated gene silencing 
approach was used to downregulate the expression of ERG11 and the 
consequence in G. boninense in term of growth appearance, expression level 
and pathogenicity towards oil palm was studied. The potential hairpin RNA 
(hpRNA) vectors were then transformed into oil palm in the effort to generate 
resistant oil palm towards Ganoderma and BSR. The main objectives of this 
study are: 
 
a. To isolate and characterize the cDNA encoding ERG11 from G. 

boninense. 
b. To develop and optimize a polyethylene glycol (PEG)-mediated 

protoplast transformation system for G. boninense. 
c. To determine the efficacy of RNAi-mediated gene silencing in G. 

boninense transformants. 
d. To determine the capability of the hpRNA vector(s) to transform into oil 

palm.  
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