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Phytoplasmas have been detected and characterized by molecular methods in coconut
palm (Cocos nucifera L.) for the first time in Malaysia. Polymerase chain reaction
(PCR) assays were used to determine whether a phytoplasma is associated with a
yellow decline disease in different coconut ecotypes including Malayan Red Dwarf
(MRD), Malayan Yellow Dwarf (MYD) and Malayan Tall (MT) palms. No
amplification products were visible from symptomatic samples in first round PCR
using phytoplasma universal primer pair P1/P7, but nested PCR with primer pairs
R16F2n/R16R2 and fU5/rU3 resulted in amplification of products of approximately
1.2 kb and 890 bp respectively, from 8 out of 20 MRD, 9 out of 12 MYD and 12 out
of 12 MT symptomatic palms tested. Sequence analysis of the 16S rDNA PCR
products determined that the phytoplasma strain associated with coconut yellow
decline (CYD) in MRD and MT ecotypes belongs to the ‘Candidatus Phytoplasma
cynodontis’ (16SrXIV) group of phytoplasmas. The phytoplasma derived from MYD
presented high levels (97%) of homology with the sequences of the ‘Candidatus

Phytoplasma trifolii” (16SrVI) group. The virtual RFLP analyses also confirmed that
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MRD and MT CYD belongs to the ‘Ca. Phytoplasma cynodontis group (16SrXIV),
whilst MYD CYD does not belong to the identified groups based upon 16S rDNA

virtual RFLP analysis.

Nested R16F2n/R16R2 PCR products from 6 spear leaves and 2 inflorescences from
MRD palms showed high sequence similarity to the 16S rRNA gene from coconut
chloroplasts, with a similar size (approximately 1.3 kb), and a further 5
R16F2n/R16R2 PCR products from MRD infloresences showed high sequence
similarities to Bacillus spp. and Bacillus megaterium 16S rRNA gene sequences.
These Bacillus PCR products also showed a similar RFLP profile to that obtained
from the CYD phytoplasma when the restriction enzyme ECORI was used. Trunk
borings were the most reliable source of DNA for phytoplasma detection in coconuts
using 16S rRNA gene primers, since there is less co-amplification of PCR products

from other organisms when compared to spear leaves and inflorescences.

Real-time PCR using TagMan probe was developed for sensitive, quantitative and
rapid detection of coconut yellow decline (CYD) phytoplasma which is not related to
the identified phytoplasma groups. Primers and probe were designed from the highly
conserved 16S rRNA gene of CYD phytoplasma. The CYD primers were designed to
amplify CYD phytoplasmas in genomic DNA extracts prepared from symptomatic
MYD and MRD coconut ecotypes. The selected primers amplify specifically a target
112-bp fragment from the 16S rRNA gene region. The real-time PCR assay reliably
detected the CYD phytoplasma in DNA from symptomatic MYD and MRD coconut
palm ecotypes with the qCYD 16S probe. The result also shows that the

concentration of the pathogen is typically low.
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Fitoplasma telah dikesan dan dicirikan dengan penggunaan teknik molekular bagi
buah kelapa (Cocos nucifera L.) buat pertama kalinya di Malaysia. Ujian
“Polymerase chain reaction” (PCR) telah digunakan untuk mengesan sama ada
fitoplasma berhubung-kait dengan penyakit Yellow Decline pokok kelapa termasuk
varieti Malayan Red Dwarf (MRD), Malayan Yellow Dwarf (MYD) dan Malayan
Tall (MT) di Malaysia. Tiada produk amplifikasi dapat dilihat daripada sampel
bersimptom dalam pusingan pertama PCR menggunakan pasangan primer universal
phytoplasma PI1/P7, tetapi ‘“nested PCR” menggunakan pasangan primer
R16F2n/R16R2 dan fUS5/rU3 menunjukkan produk amplikasi sekitar 1.2 kb dan 890
bp, untuk 8 daripada 20 sampel MRD, 9 daripada 12 sampel MYD dan 12 daripada
12 sampel Malaysian Tall kelapa bersimptom yang telah diuji. Analisis jujukan 16S
rDNA produk PCR menunjukkan strain fitoplasma yang berhubung-kait dengan
Coconut Yellow Decline (CYD) di dalam MRD dan MT di Malaysia adalah daripada
kumpulan Candidatus Phytoplasma cynodontis’ (16SrXIV) dan fitoplasma daripada

MYD menunjukkan aras homologi yang tinggi (97%) dengan kumpulan jujukan



16SrVI (kumpulan Clover proliferasi, ‘Ca. P. trifolii’). Analisis RFLP juga
membuktikan MRD dan MT CYD dipunyai oleh kumpulan ‘Ca. Phytoplasma
cynodontis’ (16SrXIV), manakala MYD CYD tidak dipunyai oleh kumpulan yang
ditemui berpandukan analisis maya RFLP 16S rDNA. Produk nested PCR
R16F2n/R16R2 daripada 6 sampel pucuk belum terbuka dan 2 sampel bunga
daripada kelapa MRD menunjukkan jujukan yang mempunyai persamaan yang tinggi
dengan 16S rRNA gen daripada kloroplas kelapa, dengan saiz yang sama (sekitar
1.3kb), dan produk PCR 5 RI16F2n/R16R2 daripada sampel bunga MRD
menunjukkan persamaan jujukan yang tinggi dengan Bacillus spp. dan Bacillus
megaterium jujukan gen 16S rRNA. Produk PCR Bacillus juga menunjukkan
persamaan profil RFLP yang di dapati daripada fitoplasma CYD setelah enzim
restriksi ECORI digunakan. Data ini menunjukkan spesimen yang didapati dari batang
kelapa dengan menggunakan ‘trunk boring’ adalah sumber DNA paling baik bagi
pengesanan fitoplasma daripada buah kelapa menggunakan 16S rRNA gen primer,
kerana kurangnya ko-amplifikasi produk PCR daripada organisma lain berbanding

sampel pucuk dan sampel bunga.

Kaedah Real-time PCR menggunakan prob TaqMan telah dihasilkan untuk
pengesanan cepat, sensitif dan kuantitatif fitoplasma CYD di mana ianya tidak
berkait dengan kelompok fitoplasma yang dikenalpasti. Primer dan prob di
rekabentuk daripada gen 16S rRNA CYD fitoplasma. Primer CYD di rekabentuk
untuk mengesan fitoplasma CYD daripada penyediaan ekstrak genomik DNA
daripada buah kelapa MYD dan MRD yang bersimptom. Primer yang dipilih dikesan
secara spesifik pada fragmen 112 bp daripada kawasan gen 16S rRNA. Templat

tiruan yang mengandungi klon plasmid fragmen DNA 1240 bp pada 16S rRNA gen
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bagi pemencilan MYD CYD, digunakan untuk lengkungan kalibrasi bagi
mendapatkan bilangan amplifikasi per sampel. Kaedah real-time PCR dapat
mengesan fitoplasma CYD di dalam DNA daripada jenis kelapa MYD dan MRD
yang bersimptom dengan prob qCYD 16S. Kaedah Real-time PCR menunjukkan
tahap sensitiviti yang tinggi berbanding nested PCR yang biasa digunakan untuk
mengesan fitoplasma. Keputusan kajian ini juga menunjukkan kepekatan patogen

adalah rendah.
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CHAPTER |

INTRODUCTION

The coconut palm (Cocos nucifera L.) is a member of the family Arecaceae (Palmae),
subfamily Cocoideae which includes 27 genera and 600 species. The sole species of
the genus Cocos is coconut (Uhl and Dransfield, 1987). It includes more than 300
cultivars or varieties (Lebrun et al., 1998). Coconut palm has different ecotypes or
varieties such as Malayan yellow dwarf, Malayan green dwarf, Malayan red dwarf
and Malayan tall in Malaysia. The precise coconut origin is not known for sure, but
many historians believe Malaysia and Indonesia grew the world's first coconuts
(Coconut, the Soul Food of the Tropics, 2003). Due to its popularity as a useful plant,
it is known as 'King of Palms,' "tree of life" and kalpa vriksha, which translates as
"tree that gives all that is necessary for living." Considered the most useful tree in the
world, coconut has been used as a source of food, drink, clothing, shelter, heirloom
history, and financial security for at least half a million years. It has been cultivated
by man for 4000 years. The main products are coconut oil that is derived from dried
kernel of the nut, coconut milk and copra. Coconut palm provides sustainable income
to millions who are directly and indirectly dependant on coconut. The main source of
food and income for about 10 million families relies on coconuts (IPGRI, 2004;

Srinivisulu and Raghava Rao, 2007).

Coconut palm, despite its hardy nature and adaptability to different soil conditions,
often succumbs to different diseases caused by fungi, bacteria, phytoplasmas, viruses
and viroids (Harrison and Jones, 2003; Srinivisulu and Raghava Rao, 2007). Some of

the most destructive diseases of coconuts such as cadang-cadang in the Philippines



and lethal yellowing in the Africas and Americas are amongst the most notorious
plant diseases in the world (Dabek et al., 1976; Del Rosario and Quiaoit, 1962;
Harrison et al., 1999; Ocfemia, 1937). Lethal yellowing (LY) is the most important
coconut disease in terms of economic loss. This disease poses the most important
threat to global palm and coconut production. Phytoplasmas are the causal agent of

lethal yellowing disease (OEPP/EPPO).

The phytoplasmas (International committee on systematic bacteriology subcommittee
on the taxonomy of mollicutes, 1993), which were originally described as
mycoplasma-like organisms (MLO) (Doi et al., 1967), are a group of plant
pathogenic bacteria that cause devastating damage to plants. Phytoplasmas are
derived from Gram-positive bacteria which lack cell wall, have low G+C and are
classified in the class Mollicutes, along with mycoplasmas, ureaplasmas,
acheloplasmas and spiroplasmas (Agrios, 1997). Phytoplasmas constitute a unique,
monophyletic clade of mollicutes more closely related to Acholeplasma than to the
true Mycoplasma species based on sequence analysis of 16S ribosomal DNA (rDNA)

and ribosomal protein genes (Gunderson et al., 1994; IRPCM, 2004).

Phytoplasmas are systemic pathogens of important crops and cause diseases in more
than 700 plant species belonging to 100 families. Phytoplasmas cause a wide variety
of symptoms on infected plants that range from mild yellowing to death.
Characteristic symptoms of phytoplasma infection include virescence and phyllody
on herbal plants, poor taste and small sized fruits on infected trees and sterility of
flowers, chlorosis of leaves, leaf curving, proliferation of axillary shoots, witches’

broom, stunting and general decline on both herbal plants and trees (Heinrich et al.,



2001; McCoy et al., 1989). They are transmitted by phloem feeding insect vectors
such as leathoppers, some psyllids and planthoppers in a persistent propagative
manner (Kirkpatrick, 1992; Lee et al., 2000; McCoy et al., 1989). Phytoplasmas are
insect transmitted plant pathogens that are found exclusively in the phloem vessels of
plants and they are not known to survive outside either the plant or insect hosts. They
cannot be grown in vitro in cell-free media, unlike most of the other members of the
Mollicutes. This has been the greatest barrier to characterizing these economically
important plant pathogens. Despite their economic importance and unique biological
features, phytoplasmas as plant pathogens remain the most poorly characterized

(Namba et al., 2005).

Heterogenous distribution and low concentrations of phytoplasmas in the plant and
presence of putative inhibitors in phytoplasma-infected plant material also make their
detection and identification difficult (Heinrich et al., 2001; Seemiiller et al., 1998).
The study of phytoplasmas by using molecular biological techniques has opened up
new avenues for detection and diagnostics. The application of PCR for amplification
of 16S rDNA from phytoplasmas provides a much more sensitive detection method
than any other yet described. Oligonucleotide primers based on Mollicutes 16S rRNA
genes have been used for specific detection of phytoplasmas in phytoplasma DNA
mixtures with host DNA (Ahrens and Seemiiller, 1992; Davis et al., 1992; Deng and
Hiruki, 1990, 1991a and b; Lee et al., 1993b; Namba et al., 1993a). In some cases,
including where there are low titres of the phytoplasma or PCR inhibitors present in
the host, which are extracted along with the phytoplasma DNA, a single series of
PCR with as many as 35-40 cycles may not be sufficient to detect the phytoplasma.

In such cases, nested PCR in which a double round of amplifications is performed is



required. Recently, real-time PCR has been used to develop accurate, highly sensitive
and specific assays to be employed in Apple proliferation destructive phytoplasmas

detection and quantification (Baric and Dalla-Via, 2004).

No studies have been done on the causal agent associated with yellowing in coconut
palm in Malaysia. In order to understand and manage the disease, ethiological studies
and identification of the causal phytoplasmas and their characteristics is important.
Therefore, inspection of commercial coconut production areas, collection of
suspected samples with yellowing symptoms and surveying them by advanced

molecular methods is necessary.

Therefore, the objectives of this study were:

1. To isolate and detect phytoplasma from coconut suspected yellowing by PCR and
nested PCR with universal phytoplasma primers.

2. To classity phytoplasmas associated with disease of coconut palms in Malaysia,
based on analysis of 16S rRNA gene operon sequences and virtual RFLP.

3. More specific and sensitive detection by real time PCR (qPCR) using TagMan

probe.



CHAPTER II

LITERATURE REVIEW

2.1 Coconut palm

The scientific name for coconut is Cocos nucifera. Based on the three little eyes at
the base of the coconut's inner shell that reminded them of a goblin or grinning face,
Spanish and Portuguese explorers named them coco, the word for goblin. The word
coco has been translated to mean monkey face. Samuel Johnson's Dictionary of the
English Language spelled the fruit cocoanut, Published in 1755. Then, the "a" was

left out. Nucifera means "nut-bearing."

The coconut palm (Cocos nucifera L.) belongs to the family Arecaceae (Palmae),
subfamily Cocoideae which includes 27 genera and 600 species, and includes a large
assemblage of monocotyledonous plants with a slender, unbranched stem and a
crown of compound (pinnate or palmate) leaves. Coconut is the only species of the
genus Cocos. It is diploid with 32 chromosomes (2n=32) (Uhl and Dransfield, 1987).
As such, hybridization is mainly intraspecific. It consists of more than 300 cultivars

or varieties (Lebrun et al., 1998).

The exact coconut origin is not known for sure, but many historians believe Malaysia
and Indonesia are the countries where coconut originated. Based on the long
association of coconuts with agriculture and religions, and the presence of many
varieties of coconut in the Asia-pacific region, some historians believe that the origin
of coconut was in the Asia-Pacific region, more specifically the Malayan

Archipelago (Menon and Pandalai, 1958). Today coconut cultivation encircles the



