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ABSTRACT

Orange spotting (OS) disease is one of the emerging 
diseases of oil palm in Malaysia. The major pathogen 
in oil palm (OS-CCCVd) is a variant of the coconut 
cadang-cadang viroid (CCCVd). Even though the 
disease has not to date significantly affected the 
oil palm industry, awareness and detection of the 
disease need to be promoted. A diagnostic molecular 
tool for the detection of OS-CCCVd has been 
developed using rapid isothermal amplification that 
provides for rapid, robust and simple detection of the 
disease. The presence of the OS-CCCVd disease can 
be easily determined based on colourimetric changes. 
Leaves with OS-CCCVd change the reagent mixture 
to yellowish-green, while the reagent mixture of the 
negative sample remains orange. 

ABSTRAK

Penyakit bintik oren (OS) merupakan salah satu 
penyakit sawit yang muncul di Malaysia. Patogen 
utama penyakit sawit (OS-CCCVd) adalah varian 
viroid kelapa cadang-cadang (CCCVd). Walaupun 
penyakit ini tidak memberi kesan yang serius bagi 
industri sawit buat masa ini, namun kesedaran 
dan pengesanan penyakit ini perlu dipromosikan. 
Alat diagnostik molekul untuk mengesan OS-
CCCVd telah dibangunkan dengan menggunakan 
amplifikasi isotermal yang memberikan pengesanan 
pantas, mantap dan mudah untuk penyakit ini. 
Kehadiran penyakit OS-CCCVd dapat dianalisis 
dengan mudah berdasarkan perubahan kolorimetrik 
(warna). Daun dengan OS-CCCVd memberikan 
warna hijau-kekuningan pada campuran reagen, 
sementara campuran reagen bagi sampel negatif 
tetap berwarna oren.
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West Africa (Wu et al., 2013). The viroid CCCVd was 
recognised as a causal agent of the lethal cadang-
cadang disease in coconut palms (Wu et al., 2013). 
OS is a major disease affecting the coconut industry, 
with total losses estimated to exceed 40 million 
coconut palms in the Philippines (Vadamalai 
et al., 2009). The presence of CCCVd variants in 
Malaysian oil palm was first reported by Vadamalai 
(2005), and the disease is sometimes referred to 
as genetic orange spotting (GOS). Compared to 
CCCVd in coconut, the 246-nt variant shows a few 
substitutions in the domains of CCCVd in oil palm 
(Wu et al., 2013). CCCVd is a single-strand RNA 
with a smaller size compared to a virus. CCCVd 
naturally forms into two monomerics: (i) CCCVd246 
and CCCVd247, and (ii) CCCVd296 and CCCVd297. The 
CCCVd variants recognised in non-symptomatic 
oil palm are OP297, OP293 and OP270 which are 90% 
similar to CCCVd246 (Wu et al., 2013). To date, the 
incidence of OS disease in oil palm plantings is 
insignificant, thus, has had little effect on oil palm 
yield (Sundram et al., 2017). Palms infected with 
OS show such symptoms as stunting, are often 
chlorotic, with yellowing or orange leaf spotting 
similar to that observed for the CCCVd disease in 
coconut palms. The discovery of some sequence 
variants of CCCVd in Malaysian oil palm has 
provided an important means of diagnosing the 
disease (Vadamalai et al., 2006) given that there are 
variations between CCCVd in oil palm and coconut.

 Present methods to detect CCCVd are very 
tedious and require a long time, such as 
polyacrylamide gel electrophoresis (PAGE), 
ribonuclease protection assay (RPA), probe 
hybridisation and reverse transcription-polyme-
rase chain reaction (RT-PCR) (Vadamalai, 2005). 
Molecular detection based on genetic materials 
(DNA or RNA) using polymerase chain reaction 
(PCR) is a popular method used for the detection 
of microorganisms, especially those pathogenic to 
humans, animals and plants. The PCR method has 
been used in many fields to screen for the presence 
of such microorganisms as viroids, viruses, bacteria 
and fungi (Maizatul-Suriza et al., 2017) in the host so 
that action can be taken to effect a cure. PCR involves 
three different steps to complete the process, namely, 
denaturation, annealing and elongation. This 
process will be completed after two to four hours, 
depending on the target region. The PCR product 
(target) is known to be successfully amplified 
after running into gel agarose electrophoresis 

INTRODUCTION

Orange spotting (OS) disease caused by the coconut 
cadang-cadang viroid (CCCVd) is one of emerging 
and minor diseases in oil palm (Sundram et al., 
2017). The OS disease associated with CCCVd was 
first reported in oil palm in the early 19th century in 
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primers), dye, enzyme mixture, a positive control 
and nuclease-free water. The positive control is 
provided by a synthetic plasmid CCCVd246 to 
confirm the presence of OS-CCCVd in the samples. 

 For the diagnostic test, leaves are collected from 
oil palm plantings in the early morning. The leaves 
are washed under running tap water, followed 
by surface sterilisation using Clorox (10%) and 
subsequently ethanol (70%). The leaves are then 
rinsed with sterile distilled water to remove any 
remaining ethanol and left to dry. The leaves are 
then cut into small pieces using sterile scissors. 
Liquid nitrogen is poured onto the cleaned leaf 
pieces to quickly freeze them. As in other molecular 
diagnostic kits, the genetic material of the viroid, 
the RNA, needs to be extracted from the oil palm 
leaves. Extraction is conducted using modified 
cetyl trimethyl ammonium bromide (CTAB) with 
the addition of spermidine trihydrochloride (Zeng 
and Yang, 2002). Based on our experience, the 
nucleic acid extracted using this modified method 
was successful in obtaining higher RNA purity 
and yield (ranging from 1000-3000 ng µl-1 from 2 
g mature oil palm leaves). The extracted RNA is 
quantified using Nanodrop to determine its purity; 
an absorbance value of more than 1.8 of A260/280 and 
A260/230 has been obtained, indicating good purity 
of the RNA which is free from contamination by 
protein and carbohydrate. Only good quality RNA 
is used for the diagnostic.

 The RNA is mixed with other components of 
the kit which include the primers for the viroid. 
Incubation of the reaction and RNA mixture is 
carried out at 63°C for one hour. Incubation can 
be carried out using advanced machines such as a 
real time qPCR and turbidity machine to monitor 
the by-product of the isothermal reaction, or even 
with simple apparatus such as a water bath. A brief 
workflow of the detection method for OS-CCCVd 
in oil palm is presented in Figure 1. 

 The isothermal amplification diagnostic kit is 
an in vitro testing method based on colorimetric 
change using a colour dye such as SYBR Green 
I. The presence of the target gene from the OS-
CCCVd template makes the reagent turn from 
orange to yellowish-green, indicating a positive 
detection, during incubation at 63°C (Figure 2). The 
reagent remains orange in colour (original reagent 
colour) in the absence of OS-CCCVd in the sample, 
such as in the case of healthy leaves. Besides 
colorimetric observations, analysis by gel agarose 
electrophoresis is conducted, with no amplification 
bands in the gel indicating healthy leaves (Figure 2).  
The amplification of multiple bands or a ladder-like 
pattern is only found when the samples contained 
OS-CCCVd, indicating that the reaction is specific 
(Kil et al., 2014).

that may take another one to two hours to finish. 
Confirmation of the target gene can be carried 
out through sequencing conducted by sequencing 
companies using the Sanger method that takes 
another two days. Analysis of the sequence can be 
conducted using simple bioinformatic tools, e.g., 
Blastn, Blastp or Blastx (https://blast.ncbi.nlm.
nih.gov/Blast.cgi). Even though the whole process 
is quite long, the detection is accurate although 
sometimes less sensitive compared with using real 
time PCR because of interference from proteases 
and inhibitors. 

 A new molecular method with higher accuracy 
and rapidity using loop-mediated isothermal 
amplification, also known as isothermal detection, 
has been developed by Notomi et al. (2000). This 
method provides higher sensitivity and specificity 
of detection on the target organism. It has been 
used extensively in many fields involved in the 
diagnostics of diseases caused by viroids, viruses, 
bacteria and fungi, as well as by environmental 
contamination (Notomi et al., 2000; Tomlinson et al., 
2010b).

 Isothermal detection is an advanced 
thermodynamic method unlike PCR, but is less 
complicated to conduct compared with real time 
quantitative (qPCR), in that a single or constant 
temperature is used for detection. Thermal refers to 
the heat of the system; heating in the system occurs 
slowly so that thermal stability is maintained. The 
isothermal system for detection is used in many 
fields because it is rapid, simple and robust. Like 
the PCR method, isothermal detection is essential 
for the detection of human pathogens, such as 
Covid-19 causing the SARS-CoV-2 disease (Baek et 
al., 2020), Plasmodium causing malaria (Mohon et al., 
2019) and many more. It is also used in the detection 
of pathogens in plants, such as for Phytoplasma and 
Botrytis cineria  (Tomlinson et al., 2010a; 2010b) 
in plant materials and also the abaca and banana 
bunchy top virus in the abaca and banana plant, 
respectively (Galvez et al., 2020). 

 MPOB has developed a diagnostic tool using 
isothermal amplification for the identification 
of CCCVd that causes the OS disease in oil palm 
(Madihah et al., 2020). This newly developed 
isothermal detection method is a rapid and simple 
test that can be completed within one hour. This 
approach is facilitated by a colorimetric method 
so that the diagnostics can be easily analysed by a 
simple water bath apparatus, or by the naked eye. 

DIAgNOSTIC KIT fOR OS-CCCVd 
VARIANTS Of OIl PAlM

The diagnostic kit consists of a few components, 
namely, the reaction mix, the primers mix (4-6 
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Figure 1. Workflow of isothermal detection for OS-CCCVd disease.

Figure 2. Isothermal detection of OS-CCCVd disease: (a) Healthy-looking oil palm leaf showing the original orange colour with no 
amplification band on the gel agarose, and (b) Leaf infected with OS-CCCVd disease showing that the reagent had turned yellowish-
green and having multiple amplification bands (in a ladder pattern).
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BeNefITS AND ADVANTAgeS

The new diagnostic kit is easy to carry out and 
user-friendly for the detection of OS-CCCVd 
disease in oil palm. The detection requires just 
a single temperature to perform the diagnostic. 
Simple instruments such as a thermo-block and a 
water bath can also be used for incubation, but will 
need to be used in combination with a dye such 
as hydroxy naphthol blue (HNB) for visualisation 
(Goto et al., 2009). Detection can be validated based 
on turbidity/colorimetry and fluorescence. 

The turbidity or colorimetric dye evaluates the 
qualitative product which provides detection based 
on the presence or absence of OS-CCCVd in the 
sample. Fluorescence is more accurate, making 
quantitative measurement possible, and is able 
to help eliminate cross-contamination or cross-
reaction based on the melt curve analysis. This 
molecular diagnostic approach using isothermal 
amplification is very fast, being able to be 
completed within 10-60 min. It is also possible for 
the diagnostic tool to be optimised for use in situ 
in the field. Instead of noting the colour changes 
or the intensity of fluorescent product, isothermal 
amplification can also be validated through gel 
agarose electrophoresis, noting that all positive 
isothermal reactions produce a ladder-like pattern 
indicating isothermal amplification had taken place.

In conclusion, this isothermal diagnostic kit is a 
great tool for the detection of OS-CCCVd variants 
in oil palm, and using primers which are specific 
to the viroid is very helpful for screening large 
samples oil palm leaves. The same technology is 
also used in the detection of other plant diseases, 
and has proven to be beneficial in managing plant 
diseases as diagnostics is one of the important steps 
in the mitigation of diseases.
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