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SUMMARY

Lethal Yellowing-type diseases of coconut have de-
stroyed thousands of coconut palms globally, and in Gha-
na the disease [Cape St. Paul wilt disease (CSPWD)] is 
considered as the single most important factor affecting 
the coconut industry. To improve the diagnostics avail-
able for CSPW detection, a ribosomal and a non-ribo-
somal-based assay were assessed for their effectiveness 
in diagnosing CSPWD. PCR diagnoses and observation 
of symptom development were carried out twice per year 
over three years to study the fate of infected palms and 
the pattern of disease spread. Comparison of the effective-
ness of different PCR assays at detecting CSPWD-infec-
tion showed a comparable performance of a single round 
secA-based assay to nested PCR using primers targeting 
ribosomal DNA sequences. The study showed that all in-
fected palms eventually died from infection and analysis of 
the location of palms becoming infected showed no clear 
pattern in the spread of infection. 

Key words: coconut, diagnosis, nested PCR, Ghana, 
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INTRODUCTION

Coconut is a subsistence crop in Ghana and is cultivat-
ed mostly by rural dwellers who are usually poor and do 
not have the skills or means to engage in other sources of 
employment. The crop is cultivated as a source of income, 
food and drink and is considered as the most important 
crop along the coastal belt of Ghana. In these areas, the 
soils are usually poor and unable to support the cultiva-
tion of many other crops but the coconut palm thrives. 
The most recent survey showed that the crop supports the 
livelihood of about 4.2% of Ghana’s population (Adam 
et al., 1996). The coconut industry in Ghana suffered a 
major setback in 1932, with the incidence of a lethal 
yellowing-like disease (LYD) locally referred to as Cape 

St. Paul wilt disease (CSPWD) (Dery et al., 1997; Ofori 
and Nkansah-Poku, 1997). CSPWD belongs to a group 
of coconut diseases characterised by similar symptoms 
including: nut drop, necrosis of inflorescence, yellowing 
of fronds and death of palms (Dollet et al., 2009). Yellow 
diseases are caused by phytoplasmas, i.e. a group of pro-
karyotic plant pathogens that are exclusively found in the 
phloem of infected plants and concentrate in the salivary 
glands of their insect vectors (Lee et al., 1998; Christensen 
et al., 2005). Phytoplasmas cannot be cultivated in axenic 
media and their detection and identification is done using 
molecular techniques, mostly PCR and, more recently, by 
loop-mediated isothermal amplification (LAMP) (Firrao 
et al., 2007; Hodgetts et al., 2008; Tomlinson et al., 2010).

The vector of CSPWD is unknown and fully resistant 
varieties are unavailable, making control of the disease dif-
ficult. A number of strategies including early cutting of 
infected palms to slow down the rate of CSPWD spread-
ing have been put in place to manage the disease once de-
tected in an area (Nkansah-Poku et al., 2005). This method 
requires timely and accurate detection of the causal agent 
in infected palms using PCR assays, which are are usually 
based on the amplification of ribosomal genes (16S-23S 
rRNA). Recently, however, assays based on other targets, 
such as the sec A gene, are being used (Hodgetts and Dick-
inson, 2010; Yankey et al., 2011). In this work, the effective-
ness of these assays in diagnosing CSPWD was evaluated 
and used to track the fate of infected West Africa Tall 
(WAT) palms over a period of three years. The WAT eco-
type is the main type in most plantations, and is highly 
susceptible to CSPWD, with 100% devastation recorded 
in some plantations (Quaicoe et al., 2009). 

MATERIALS AND METHODS

Sampling of palms in a CSPWD-infected field and 
DNA extraction. One hundred of over 25-year-old WAT 
palms growing in a CSPWD-devastated farmer’s field at 
Fasin (GPS position N4°55.736’ W1°56.604’) in the Shama-
Ahanta West district of western Ghana were used in the 
study. The palms were sampled for DNA extraction every 
six-month from 2008 to 2011 (once in the rainy season: 
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from June to July, and once in the dry season: from De-
cember to January). At each sampling period, the health 
status of the palm, whether healthy, diseased (i.e. stages 
1-4) or dead (‘telegraph pole’ stage) was recorded. Coconut 
trunk tissues were collected for DNA extraction following 
the method of Nipah et al. (2007) with slight modifications 
as follows: a motorised drill fitted with a sterilised drill bit 
was used to bore a hole ca. 10 cm deep into the trunk of 
the coconut at a height of about 1 m above ground level; 
in this process the phloem tissues are chipped out in the 
form of sawdust. To prevent cross contamination from 
palm to palm, the drill bits were washed in water, rinsed 
in 0.5% sodium hypochlorite and flamed to red hot before 
cooling in ethanol. To obtain genomic DNA from coconut 
tissues, a 2 ml tube (Starlab, USA) containing 6-8 glass 
beads (Sigma, USA) was half filled with coconut tissues 
and ground in a FastprepTM machine (Thermo Electron 
Co., USA) at 6,500 rpm for 45 sec. An aliquot (700 µl) of 
CTAB buffer (20 mM EDTA pH 8.0, 1.4 M NaCl, 100 
mM Tris-HCl pH 8.0, 2% Cetyl trimethylammonium bro-
mide) was added to the tissue and the samples were ho-
mogenised again at 6,500 rpm for 45 sec, then incubated in 
a water bath at 65°C for 30 min. DNA was extracted with 
phenol:chloroform:iso-amyl alcohol (25:24:1) and precipi-
tated with isopropyl alcohol using the protocol of Daire 
et al. (1997). 

PCR diagnosis of LD-infection. PCR diagnoses of 
CSPWD-infection of the first three sampling periods were 
carried out with two PCR assays involving single round 
PCRs with primers ‘CSPWDSecAFor2 (5’-CGAGATG-
CAGATCGTTTTG-3’) / CSPWDSecARev2 (5’-CCAT-
CACCAAATTGACGTCC-3’)’ (Yankey et al., 2011) and 
‘P1 (5’-AAGAGTTTGATCCTGGCTCAGGATT-3’) 
(Deng and Hiruki, 1991)/ P7 (5’-CGTCCTTCATCG-
GCTCTT-3’)’ (Smart et al., 1996) targeting non-ribosomal 
(secA gene) and ribosomal DNA (16S-23S rDNA) se-
quences, respectively. Nested PCR was undertaken by 
diluting 1 µl of the P1/P7 amplification products into 40 
µl of sterile double-distilled water and used as the DNA 
template in the second PCR round using primers GH813f 
(5’-CTAAGTGTCGGGGGTTTCC-3’) and AwkaSR 
(5’-TTGAATAAGAGGAATGTGG-3‘) (Tymon et al., 
1998). As an in-built control to check for PCR inhibition 
and to ascertain the effectiveness of the extraction proto-
col, the oligonucleotides for amplifying the secA gene were 
multiplexed with oligonucleotides amplifying a coconut 
molecular marker (CnCirF3) (Lebrun et al., 2001), as de-
scribed in Yankey et al. (2011). Samples from the fourth to 
the sixth sampling periods were analysed using only the 
secA primers (multiplexed with CnCirF3) described above. 
PCR analyses were performed using MangoMix (Bioline, 
UK) containing: Mango TaqTM polymerase, dNTPs, red 
and orange reference dyes and Mg2+. A forward and re-
verse primer with stocks at a concentration of 10 µM was 
used in all the PCRs. All primers were used at a final 

concentration of 0.2 µM. PCR mixtures were subjected to 
suitable temperature regimes, based on the primers used, 
in a PTC-100/200 Programmable Thermal Controller (MJ 
Research Inc., USA). Multiplex PCR amplification of the 
secA gene and the coconut molecular marker was effected 
using an initial denaturation temperature of 94°C for 3 
min, followed by 35 cycles of 94°C for 40 sec, 55°C for 
40 sec and 72°C for 1 min 40 sec and a final extension of 
72°C for 10 min. Except for the annealing temperatures 
of 56°C and 53°C for the P1/P7 and nested PCR assays, 
respectively, all other conditions were as detailed above. 
PCR products were separated on 1% agarose gels in 1X 
TBE buffer at 100V.

GPS mapping of palms. A GPS mapping was carried 
out at the field site, to accurately represent the location of 
palms. A Garmin eTrex hand held GPS unit was used to 
record the locations of experimental palms. GPS accuracy 
of a single recorded position is greater than 15 m, so an av-
erage of at least nine recordings was used for each location 
to obtain positions accurate to within 2-4 m. Data from 
disease symptom analyses were incorporated when analys-
ing and presenting the mapping data using GPSMapEdit

RESULTS

Observation of CSPWD symptoms and PCR diagno-
sis. To track CSPWD-infection among the selected palms, 
the trees were visually inspected for disease symptoms at 
each sampling period. PCR analyses were conducted to 
confirm infection and to detect symptomless infections. 

Three PCR assays comprising both ribosomal (P1/
P7 and GH813f/AwkaSR) and non-ribosomal primers 
(CSPWDSecAFor2/Rev2) and PCR approaches involving 
both single round and nested PCR assays were assessed for 
their effectiveness in detecting the CSPW phytoplasma in 
infected palms using DNA extracts from the first three 
rounds of sampling. In the analyses of samples from the 
first season, four of 100 samples were found to be infected 
by both the nested PCR (P1/P7 followed by GH813f/
AwkaSR) and the secA assays while two positive results 
were recorded for the P1/P7 assay (Table 1). Positive re-
sults detected by all three assays in the analyses of the 
second season samples were 19, 20 and 21 for the secA, 
P1/P7 and nested PCR assays, respectively (Table 1). In 
the third season analyses, the same samples were positively 
diagnosed by the nested and secA PCR assays; both assays 
produced 39 positive results while the P1/P7 assay detect-
ed 33 positive results. All 33 positive results were part of 
the number diagnosed by the secA and nested PCR assays 
(Table 1). Samples from seasons 4-6 were analyzed using 
only the secA primer assay (multiplexed with CnCirF3) 
since this was found to be reliable and preferable due to 
the ability of the multiplexed primers to determine the 
ability of the DNA to support PCR.
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PCR diagnoses and symptom observation showed that 
from seasons one to three, there were palms that had not 
started developing symptoms of CSPWD but could be 
positively diagnosed by PCR: 4, 19 and 39 palms were 
positively diagnosed by PCR using secA oligonucleotides 
from seasons one to three, respectively, while zero, 18 and 
36 palms had developed symptoms of CSPWD (Table 1). 
The palms began to die by season three, and for some 
samples of dead tissues, both plant and pathogen prim-
ers gave negative PCR results. Consequently, while 49, 56 
and 56 palms were observed to be infected from seasons 
four to six, respectively, only 29, 20 and five palms were 
positively diagnosed by PCR, respectively, during the same 
period (Table 1). 

Between six-monthly sampling, none of the palms was 
observed to have fully recovered from infection. PCR 
analyses confirmed these observations as previously posi-
tively diagnosed palms continued to remain infected in 
subsequent sampling periods, apart from palms which had 
died from infection and did not have detectable levels of 
the pathogen. Disease incidence increased with time, with 
all infected palms eventually dying from infection. For ex-
ample, all four palms that were determined to be infected 
at the first sampling period (by PCR analysis) were ob-
served to have died from infection by the fourth sampling 
period. Out of 19 palms that had been infected by the 
second sampling period, only four survived through the 
next two sampling periods and, by the fifth sampling pe-
riod, all 19 palms had died. By the fifth sampling period, 
56 palms had been infected cumulatively, none of which 
was alive at the sixth sampling period (Table 2). The exact 
locations of each of the 100 experimental palms relative to 
each other at the field site are shown in Fig. 1. The visible 
symptoms recorded at seasons 3 and 6 are presented as 
colour coding. In relating the position of palms with the 
development of disease symptoms, there was no consistent 
pattern in the rate or site of spread of the disease (palms 
eventually became infected throughout the site). How-
ever, a cluster of palms to the south of the plot (96-100) 
were found to be uninfected during the timescale of the 
work. In addition, there were incidents where neighbour-
ing palms showed the same pattern of infection, such as 
palms 58 and 59,which were found to be healthy in season 
1, showing symptoms in season 2 and dead by the season 
3 sampling (Fig. 1A). 

DISCUSSION

Accurate and timely diagnosis of diseases in plants is 
important for an effective control or management. This is 
even more necessary for phytoplasma-associated diseases 
because phytoplasmas cannot be cultured. Uncertainties 
about incubation periods in some plant hosts and about 
the insect vectors involved further distinguish phytoplas-
ma diseases from other plant diseases.

To improve CSPWD diagnosis, assays based on a ribo-
somal and a non-ribosomal gene were assessed. The per-
formance of the suite of PCR assays assessed in this work 
offers diagnostic options to the coconut research commu-
nity. PCR is used because it is more sensitive/predictive as 
compared to visual symptoms analyses. Use of the assay 
with only primers P1/P7 (single round) failed to show nine 
positive infections that were positive by the P1/P7-GH813f/
AwkaSR assay, further demonstrating the inadequacy of 
this assay for phytoplasma detection. It also important to 
mention that because the P1/P7 assay is generic for phy-
toplasma detection, it can amplify other phytoplasmas and 
thus give false positive results [detection of Bacillus species 
has also been reported, confirming their lack of specificity 
(Harrison et al., 2002; Yankey et al., 2009)]. Comparable 
performance of the secA primers to a LAMP assay based 
on ribosomal gene (23S rRNA) in diagnosing CSPWD-
infection has been reported (Yankey et al., 2011). In the 
current study, the secA primers detected positive samples 
in line with the results of the nested assay, with the ex-
ception of two samples, in which infection was detected 
only by nested PCR. Although nested PCR is known to 
be highly sensitive, the numerous processes and handling 
steps involved makes them time consuming and highly 

Table 1. Comparative performance of different PCR assays at 
detecting CSPWD phytoplasma and symptoms observed

Positive diagnosis Symptoms

Sample No. PCR1 PCR2 PCR3

Season 1 100 4 2 4 0

Season 2 100 19 20 21 18

Season 3 100* 39 33 39 36

Season 4 74 29 - - 49

Season 5 54 20 - - 56

Season 6 44 5 - - 56

 Primer sets: (PCR1) CSPWDSecAFor2/Rev2; (PCR2) P1/P7; (PCR3) 
P1/P7 followed by GH 813f/AwkaSR; (-); Not assessed; Symptoms com-
prised stages 1- ‘telegraph’/death stage.
 * Number includes 15 ‘telegraph pole’/dead stage palms.

Table 2. Survival rate of West Africa Tall palms

Sampling 
period

Number 
infected 
(cumulatively)

Number of palms infected in previous 
season but surviving in present sampling

S2 S3 S4 S5 S6

S1 4 4 1 0

S2 19 4 4 0

S3 39 13 0

S4 49 3 0

S5 56 0

 S1-S6 refers to 1st to 6th sampling periods. The number of infected 
palms is a cumulative record of disease and includes palms showing dise-
ase symptoms, dead palms and symptomless palms positively diagnosed 
by PCR (CSPWDSecA For2/Rev2).
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prone to contamination. In this study, however, the nested 
PCR diagnoses were accurate as positively diagnosed palms 
eventually died of infection. Nonetheless, the possibility 
of replacing such assays with equally efficient single round 
PCR assays as demonstrated in this work is welcome. Dol-
let et al. (2009) observed a mutation in the 16S/23S gene in 
isolates from Ghana that affects the annealing of primer 
AwkaSR and which can lead to false negative diagnosis of 
CSPWD. The primer ‘GAKSR’ which corrects this anom-
aly was subsequently developed. Although, this finding was 
not applied to the present study, the nested PCR results of 
this work were not found to underestimate infection levels 
as the CSPWD phytoplasma was detected in all symptom-
showing palms with the G813f/AwkaSR assay. The use of 
a multiplexed primer that determines the efficacy of DNA 
extraction and supports PCR results is also favourable. 
More palms were observed to have been infected by visual 
assessment than were diagnosed by PCR from seasons four 
to six, because as the palms died, DNA extraction from re-
mains of dead tissues was found to be technically difficult 
as very low titres or no DNA were found in such samples. 
The true reflection of the health status of the palms by 
PCR was therefore obtained in the first three seasons. The 
study showed that symptomless infections are possible, al-
beit for a short while, which is consistent with the latent 
incubation period of this and similar diseases. 

Dery and Philippe (1997) observed a pattern of spread 
in newly infected fields in which a few isolated palms are 
first infected, followed by the development of foci around 
these trees and an eventual infection of the whole field. 
Similarly, Bonnot et al. (2010) found that while new cases 
of infected trees occurred in close proximity to diseased 
trees, clusters could appear at some distance due to sec-
ondary spread. These patterns were, however, not ob-
served in the current study, probably because the disease 
was already at an advanced stage when this work started 
(many palms had already died from infection in this field) 
and the ‘explosive’ phase was already underway. The pat-
tern of infection was therefore erratic because many foci 
had already been established. Although a few palms died 
in the intervening period between the fifth and sixth sam-
pling period, no new infections were observed at the sixth 
sampling period. This could represent a decline in the in-
tensity of the disease in the sampling field or the setting in 
of disease dormancy in the sampling area.
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