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Abstract

The Cape St. Paul wilt disease is a lethal yellowing type disease of coconut in Ghana. It is associate with the presence of a
phytoplasma belonging to the 16SrXXII-B subgroup also referred to as ‘Candidatus  Phytoplasma palmicola’-related strain.
A leucyl tRNA  gene based assay was used to discriminate the two strains of the phytoplasma detected in Ghana since
sequences from the 16S rRNA gene were unable to reveal these genetic differences in the phytoplasmas.
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Introduction

The coconut palm is indispensable to the economies of the
coastal belt of Ghana. The crop is, however, threatened by a
lethal yellowing type disease, locally referred to as Cape St.
Paul wilt disease (CSPWD). The disease was first discovered
in the South eastern part of the country (Volta Region) in
1932. It subsequently spread to the Western and Central
Regions of Ghana in 1964 and 1981 respectively (Ofori and
Nkansah-Poku, 1997). CSPWD associated with the presence
of phytoplasmas belonging to the 16SrXXII-B subgroup
recently officially named ‘Candidatus Phytoplasma
palmicola’-related strain (Harrison et al., 2014). This
subgroup also includes the strain that is associated with the
Cote d’Ivoire lethal yellowing disease in the neighbouring
Cote d’Ivoire (Arocha et al., 2014). While the disease is still
active in the Western and Central Regions of Ghana, it has
been observed to be less aggressive in the Volta Region
(Nkansah-Poku et al., 2009). Using a limited number of
samples (14 samples from the three coconut growing regions)
and based on a ribosomal protein gene, a geographical
differentiation of the 16SrXXII-B phytoplasma in Ghana was
suggested (Pilet et al., 2011). In this study,  a ribosomal (16S
rRNA) and non-ribosomal (leucyl tRNA) based assays was
used to verify the diversity of the 16SrXXII-B phytoplasmas
by performing a more extensive sampling across the coconut
belt in Ghana.

Materials and Methods

Coconut trunk borings collected from symptomless and

CSPWD infected palms in the Western (43); Central (47)
and Volta Region (18) of Ghana were the sources of
phytoplasma DNA. The samples were collected from palms
at all stages of the disease. Three palms in a disease-free area
in the Central Region were used as negative controls. DNA
extraction was done with a modified Daire et al. (1997) protocol
using CTAB buffer. Nested PCR targeting the 16S rRNA was
carried out using primers P1 (Deng and Hiruki, 1991) and P7
(Smart et al., 1996) followed by G813f (Tymon et al., 1998) and
GAKSR (Dollet et al., 2006). The non ribosomal leucyl tRNA
synthethase gene was amplified using primers described by
Abeysinghe et al. (2016). All positive PCR samples were
sequenced and the sequences compared to NCBI GenBank
sequences using the BLAST algorithm. The sequences were
aligned and sequence variations investigated using Bioedit
version 7. Phylogenetic and molecular evolutionary analyses
were performed with MEGA version 7.

Results

Samples from all CSPWD symptomatic palms gave positive
results in nested PCR (Table 1). The results from the two
assays were consistent with each other. Two samples from
symptomless palms also gave positive results. Sequences
from the 16S rRNA gene were found to be 100% identical to
each other across the sampling locations in the three regions.
However, sequencing the leucyl tRNA synthetase gene
showed that the samples from the Volta Region were distinct
from those from the Central and Western Regions with 2
nucleotide differences across the 952 bp length of the
sequence (Figure 1).
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Figure 1. Phylogenetic tree based on the leucyl tRNA synthetase gene showing that
the phytoplasmas found in the Volta region are distinct from those in the Western
and Central Regions (only a few representative samples have been used to draw the
tree).

Discussion

The identification of two SNPs in the leucyl tRNA synthetase
gene of the CSPWD phytoplasma (16SrXXII-B) confirms the
geographic differentiation observed by Pilet et al. (2011).
The distinction between the phytoplasma in the Volta region
on one hand, and the Western and Central regions on the
other hand may explain the differences in the virulence of
the pathogen in the geographic areas as observed by
Nkansah-Poku et al. (2009). The absence of historical samples
or data makes it difficult to determine whether the two
strains have evolved independently from each other, or that
the original strain that started the disease has mutated or
was selected. The identification of two strains of the
phytoplasma has implications for resistance breeding
experiments: a variety resistant to one strain may succumb
to the other. Breeding trials must therefore take this fact into
account.
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Table 1. Nested PCR assay of coconut trunk boring samples. DS1-DS4 represents disease stages 1-4; SL: symptomless palm; H: healthy palm. PCR positive/number of samples
analysed.

Locations DS1 DS2 DS3 DS4 SL H

Western 6/6 13/13 14/14 10/10

Central 6/6 10/10 13/13 13/13 1/5 0/3

Volta 2/2 3/3 9/9 1/1 1/3 0/3




