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December 2018 
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Coconut cadang-cadang viroid (CCCVd) is associated with an orange spotting (OS) 
disorder, which is an emerging problem recently reported affecting oil palms in 
Malaysia. CCCVd variants were shown to contain low concentrations of several 
sequence variants of CCCVd in both OS and asymptomatic palms. Knowledge of 
interaction between CCCVd-infected oil palm is lacking and no study on defence and 
stress genes upon infection of CCCVd to date. Plant response has become an important 
approach to understand the host-pathogen interaction. The study was undertaken to study 
sequence variation of CCCVd oil palm variants from inoculated oil palm seedlings using 
RT-PCR, cloning and sequencing. Subsequently, detection and characterization of 
defence and stress genes in CCCVd inoculated oil palm seedlings were investigated. A 
total of 30 oil palm seedlings comprising ten healthy seedlings, ten seedlings inoculated 
with plasmid of CCCVd246OP and CCCVd293OP were used. Total nucleic acid was 
extracted using modified NETME extraction method. The presence of CCCVd variants 
were detected by RT-PCR using CCCVd specific primers, cloning and sequencing. For 
genes study, ten seedlings inoculated with CCCVd293OP and ten seedlings as control were 
used to express total of 11 oil palm genes consisting of 4 stress, 4 defence and 3 reference 
genes. Optimization using gradient PCR and validation of genes were carried out for 
real-time PCR reaction. The detection of genes were preceded with quantitative real-time 
PCR using SYBR Green-I. For sequence variation study, RT-PCR analysis showed that 
all seedlings inoculated with plasmid CCCVd246OP and CCCVd293OP were detected and 

generated amplicons at approximately 300 nt on 2% agarose gel electrophoresis. There 
was no OS symptoms observed for both CCCVd variants. Results of sequencing showed 
that none of the clones of CCCVd246OP were positive with CCCVd, whereas seedlings 
inoculated with CCCVd293OP had 99-100% sequence similarity to CCCVd variant 293 nt 
(DQ097184). Five clones had two to three base substitutions in their sequence compared 
with the consensus sequence of CCCVd293OP which indicate that there were minor 
sequence variation. However, there are no quasispecies occurs in this study. For genes 
study, stress and defence genes in CCCVd-inoculated oil palm seedlings were 
successfully detected and characterized using conventional PCR and real-time PCR. 
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Real-time PCR was found to be more sensitive than conventional PCR. The validation 
of genes through DNA sequencing was successful as the sequencing results showed 86-
100% sequence similarity to respective genes. The study showed that all the genes 
involved were significantly different with the control seedlings. Stress and defence genes 
were significantly different with the time of post-inoculation. In conclusion, there are 
minor sequence variation present in oil palm seedlings inoculated with CCCVd293OP and 
no quasispecies observed. Defence and stress-related genes were successfully detected 
and characterized through real-time PCR and conventional PCR in oil palm seedlings 
inoculated with CCCVd293OP plasmid. 
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: Pertanian 

Coconut cadang-cadang viroid (CCCVd) dikaitkan dengan penyakit orange spotting 
(OS) kelapa sawit, yang mana akhir-akhir ini muncul penyakit OS dan dilaporkan 
menjejaskan pokok-pokok kelapa sawit di Malaysia. Varian-varian CCCVd 
menunjukkan bahawa beberapa varian jujukan CCCVd mempunyai kepekatan yang 
rendah di dalam OS dan pokok kelapa sawit yang tidak bersimptom. Pengetahuan antara 
interaksi kelapa sawit yang dijangkiti CCCVd adalah kurang dan tiada kajian sehingga 
kini mengenai gen pertahanan dan gen stres ketika jangkitan CCCVd. Tindak balas 
tumbuhan terhadap penyakit telah menjadi pendekatan penting untuk memahami 
interaksi antara hos-patogen. Kajian ini dilaksanakan untuk mengkaji variasi jujukan 
CCCVd daripada pokok kelapa sawit yang telah di inokulasi menggunakan ujian RT-
PCR, pengklonan dan penjujukan. Selepas itu, pengesanan dan pencirian gen pertahanan 
dan gen stres dalam anak-anak benih kelapa sawit yang di inokulasi CCCVd di siasat. 
Sebanyak 30 anak benih kelapa sawit yang terdiri daripada sepuluh anak-anak benih 
sihat, sepuluh anak benih yang di inokulasi dengan plasmid CCCVd246OP dan 
CCCVd293OP telah digunakan. Jumlah asid nukleik di ekstrak menggunakan kaedah 
pengekstrakan NETME. Kehadiran varian-varian CCCVd di kesan melalui ujian RT-
PCR menggunakan primer-primer spesifik CCCVd, pengklonan dan penjujukan. Bagi 
kajian gen-gen, sepuluh anak benih yang di inokulasi CCCVd293OP dan sepuluh anak 
benih sebagai kawalan digunakan untuk mengekspres sebanyak 11 gen-gen pokok kelapa 
sawit yang terdiri daripada 4 gen stres, 4 gen pertahanan dan 3 gen rujukan. 
Pengoptimuman menggunakan gradient PCR dan pengesahan gen-gen dijalankan untuk 
tindakbalas real-time PCR. Pengesanan gen-gen di dahului dengan kuantitatif real-time 
PCR menggunakan SYBR Green-I. Bagi kajian variasi jujukan, analisis RT-PCR 
menunjukkan kesemua anak-anak benih yang di inokulasi dengan plasmid CCCVd246OP 
and CCCVd293OP dikesan dan menghasilkan amplikon anggaran 300 nt pada 2% gel 
agaros elektroforesis. Tiada simptom OS diperhatikan untuk kedua-dua varian CCCVd. 
Keputusan penjujukan menunjukkan tiada klon CCCVd246OP yang positif dengan 
CCCVd, sedangkan anak-anak benih yang di inokulasi dengan CCCVd293OP mempunyai 



© C
OPYRIG

HT U
PM

iv 
 

99-100% persamaan jujukan dengan variann CCCVd 293 nt (DQ097184). Lima klon 
yang mempunyai dua hingga tiga penggantian dalam jujukannya dibandingkan dengan 
jujukan konsensus CCCVd293OP menunjukkan bahawa terdapat jujukan variasi kecil. 
Walau bagaimanapun, tiada quasispecies berlaku dalam kajian ini. Bagi kajian gen, gen 
pertahanan dan gen stres dalam anak-anak benih kelapa sawit yang di inokulasi CCCVd 
telah berjaya di kesan dan dicirikan menggunakan PCR konvensional dan real-time PCR. 
Real-time PCR didapati lebih sensitif berbanding PCR konvensional. Pengesahan gen-
gen melalui penjujukan DNA telah berjaya kerana keputusan penjujukan menunjukkan 
86-100% persamaan jujukan terhadap gen masing-masing. Kajian menunjukkan bahawa 
kesemua gen-gen yang terlibat berbeza dengan ketara terhadap anak-anak benih 
kawalan. Gen stress dan gen pertahanan juga menunjukkan perbezaan yang ketara 
terhadap masa selepas inokulasi. Kesimpulannya, terdapat sedikit variasi jujukan dalam 
anak-anak pokok yang di inokulasikan dengan CCCVd293OP dan tiada quasispecies 
diperhatikan. Gen stress dan gen pertahanan berjaya di kesan dan dicirikan menggunakan 
real-time PCR dan konvensional PCR dalam anak-anak pokok kelapa sawit yang di 
inokulasikan dengan plasmid CCCVd293OP. 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

The oil palm tree (Elaeis guineensis Jacq.) originated from West Africa and established 

in Malaysia in early 1870's and now, oil palm tree has been developed into an agricultural 

crop (MPOC, 2012a). Oil palm is the most productive oil-bearing crop as Malaysia 

supplies 10% of the world market oils and fats by utilizing only 4 million hectare of land 
(Casson, 2003).  

 

 

The oil palm production is affected by pests and diseases. The most severe disease affects 

palms in Indonesia and Malaysia is basal stem rot (BSR) disease which is caused by 

Ganoderma boninense (MPOC, 2012b). In addition, threats such as an orange spotting 

(OS) disorder caused by variants of Coconut cadang-cadang viroid (CCCVd) have been 

reported affecting oil palms in Malaysia (Vadamalai, 2005; Vadamalai et al., 2006).  

 

 

CCCVd is the causal agent of the lethal cadang-cadang disease of coconut palms (Cocos 
nucifera L.) in the Philippines, which have been estimated to kill over 40 million coconut 

palms when it was first recognized (Zelazny et al., 1982; Hanold & Randles, 1991; 

Randles & Rodriguez, 2003). Although OS was recognized as a disorder in the early 19th 

century in West Africa, but only recently it was associated with variants of CCCVd 

(Hanold & Randles, 1991; Vadamalai et al., 2006). Since OS is associated with CCCVd, 

it is crucial to determine the extent of similarity between CCCVd and the CCCVd-like 

molecules in oil palm with OS (Vadamalai, 2005; Vadamalai et al., 2006, Wu et al., 

2013). However, several aspects of its epidemiology in both coconut and oil palm still 

demand more researches and the principal mode of natural spread of CCCVd is still 

unknown (Randles & Rodriguez, 2003; Vadamalai et al., 2009). 

 

 
CCCVd variants associated with OS in oil palm in Malaysia have been reported to 

propagate in their hosts as populations of closely related sequence variants (quasi-

species) (Flores et al., 2005a). Nevertheless, there is lack of study on sequence variation 

within the host induced by plasmid. The distribution, accumulation and translocation of 

CCCVd within the oil palm has been studied previously (Thanarajoo, 2014). However, 

there is still lack of knowledge in the epidemiological aspects and mainly in the host 

pathogen interaction. In oil palm, several sequence variants of CCCVd reported to be 

present in low concentration and difficult to detect (Vadamalai, 2005; Mohammadi et 

al., 2010). Previous study on CCCVd include reverse-transcription polymerase chain 

reaction (RT-PCR), hybridization assay, polyacrylamide gel electrophoresis (PAGE), 

ribonuclease protection assay (RPA), reverse transcription loop-mediated isothermal 
amplification (RT-LAMP), real-time PCR (qPCR) and sequencing (Vadamalai, 2005; 

Vadamalai et al., 2006; Vadamalai et al., 2009; Cheong, 2012; Joseph, 2012; Wu et al., 

2013; Thanarajoo, 2014; Thanarajoo et al., 2014).  

 

 

Plant response has become a decisive way to gain knowledge of host-pathogen 

interaction. The interactions of plants and microbial pathogens are among the most 
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complex phenomena in nature. Relative quantification was used to compare the level of 

gene expression of a particular gene of interest in a chemically-treated sample relative to 

the level of gene expression in an untreated sample. The changes are either; up-regulated 

to strengthen the host defence against pathogen invasion, or down-regulated due to the 

suppression of the host defence system by the pathogen (Applied Biosytem, 2010). Gene 

expression studies have been used in virus or viroid-host interaction such as in Turnip 

mosaic virus (TuMV) (Yang et al., 2007) and Citrus exocortis viroid (CEVd) (Vidal et 

al., 2003). The expression of genes involved in defence and stress responses were widely 

studied in oil palm infected by Ganoderma boninense but no study on genes involved in 

oil palm infected by CCCVd to date. Therefore, there is an inadequate information and 
lack of study on host-pathogen interaction of oil palm and CCCVd. Therefore, rapid and 

sensitive method is needed to study the host-gene interaction of CCCVd. Real-time PCR 

(qPCR) is used due to its highly sensitivity, able to quantify certain transcripts and 

changes in gene expression as well as produces reliable and rapid quantification results 

(Pfaffl, 2001). 

 

 

In view of this, the objectives of this study are: 

 

 

1. To study sequence variation of CCCVd oil palm variants from inoculated oil palm 

seedlings using RT-PCR, cloning and sequencing. 

 

2. To detect and characterize defence and stress-related genes in CCCVd inoculated oil 

palm seedlings. 
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