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The aim of this study was to investigate the transmission of the lethal yellowing disease (LYD) of 
coconut tree caused by a phytoplasma from the zygotic embryo to the regenerated plantlet in vitro. 
From a total of 30 trees, 150 mature coconut nuts where harvested. These nuts were used to extract 150 
zygotic embryos. From this package, 96 zygotic embryos were used to regenerate 96 young coconut 
seedlings in vitro and the 54 others were used to extract total DNA. From the stem of the 30 palms at 
the stage 1 of the LYD, phloem sample were also collected. From the regenerated in vitro-plantlets at 6 
months age, leaf sample were collected. From the molecular diagnosis by PCR, 80% of the phloem 
samples carried the 16S rRNA gene of the phytoplasma responsible for LYD. All the zygotic embryos 
and in vitro-plantlets regenerated were healthy. So, coconut zygotic embryos can be used for the safe 
exchange of genetic material regarding lethal yellowing disease. The regenerated in vitro plantlet are 
free of disease. 
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INTRODUCTION 
 
The coconut tree originates from two geographical areas, 
namely, the islands of Southeast Asia and South India 
(Gunn  et   al.,   2011).  The  ancient  origins  of  the  local 

coconut tree bordering the West African coast are 
probably India and Mozambique (De Nuce and Wuidart, 
1979).  From  its   center   of   origin,   the   coconut   was
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Table 1. Coconut plant material used for the work. 
 

Village of origin Varieties 
Quantity of palms 

used 
Quantity of 

sampled nuts 
Quantity of embryos put 

in in vitro culture 
Quantity of embryos used 
for the molecular analysis 

Badadon  PB 121 6 30 20 10 

Palmindustrie V1 GOA 3 15 9 6 

Groguida 
PB 113 3 15 9 6 

PB121 3 15 9 6 

Adjadon GOA 6 30 20 10 

Likpilassé 
PB113 6 30 20 10 

GOA 3 15 9 6 

Total 30 150 96 54 

 
 
 
disseminated by flotation of nuts at the mercy of marine 
currents and, later, by human travel and migration 
(Harries et al., 2004; Baudouin and Lebrun, 2009). 
Human migrations were those of Austronesians, Arabs 
and Europeans. It was introduced from Mozambique 
(East Africa) to Côte d'Ivoire (West Africa) by Portuguese 
navigators in the early 16

th
 century (De Nuce and 

Wuidart, 1979). 
Creation of the coconut collection for the purposes of 

research in the context of the varietal development 
passes through the exchange of the plant material. With 
regards to the coconut tree, the exchanges of the genetic 
material are done using nut in order to create the 
diversity from the family of brood stocks in a country's 
collection. However, these exchanges are not easily done 
because of the volume and mass of the nut, which is the 
organ usually used (Orozco-Segovia et al., 2003). These 
nuts that do not have dormancy often carry disease 
germs like lethal yellowing disease (LYD). Studies on the 
conservation and transfer of coconut material in the form 
of embryos have been investigated in several 
laboratories (Assy-Bah et al., 1989; Danso et al., 2009; 
Rillo and Paloma, 1991; Cueto et al., 2012; Yoboue et al., 
2014). 

The lethal yellowing disease threatens the entire world 
coconut grove. This disease has already destroyed more 
than thousands of hectares of coconut plantations in 
several regions of the world such as East Africa, the 
Caribbean and Central and West Africa (Been, 1981; 
Oropeza et al., 2005; Dollet et al., 2009; Konan et al., 
2013). Phytoplasmas are transmitted to plants during 
food activity by their vectors, mainly leafhoppers, 
planthoppers and psyllids (Weintraub and Beanland, 
2006).  

The embryos contain a completely differentiated 
vascular system and they can be a source of propagation 
or transmission of the lethal yellowing disease (Harrison 
et al., 1995; Cordova et al., 2003). The exchange of 
germplasm of coconut, usually affected by the embryos, 
becomes difficult, especially when the embryos come 
from areas where the disease occurs (Jones et al., 1999).  

The disease  is  known  by  different  names  in  various  

countries; in Ghana it is called Wilt disease of Cape Saint 
Paul (CSPW), in Togo, it is known as Kaïncopé disease, 
in Nigeria it is Awka and in Cameroon, it is named Kribi 
disease. The phytoplasmas that cause the diseases are 
variable from one country to another. Disease appeared 
in southern Côte d'Ivoire in the department of Grand-
Lahou and threatens one of the world's largest coconut 
collections (Konan et al., 2013). 

The presence of the disease in all parts of the world 
creates mistrust between the coconut producing 
countries and the exchange of plant material. This has a 
negative impact on research works and the culture of 
coconut. The objective of this work was to check the 
presence or absence of the phytoplasma responsible for 
lethal yellowing disease in zygotic embryos and 
regenerated plants obtained from trees affected by this 
disease. These results will serve as a guide and help to 
ensure the exchange of plant material between coconut 
producing countries using zygotic embryos. 
 
 

MATERIALS AND METHODS  
 
The study focused on zygotic embryos from mature coconut nuts 
(10-12 months of age) harvested from trees that are visually 
affected by the LYD and are in stage 1 of the disease. The visual 
symptoms of LYD are: at stage 0 or apparently breast, the tree 
does not present symptoms; in stage 1, yellowing of the apical 
leaves; in stage 2, the fall of immature and mature nuts; in stage 3, 
leaf and crown leaf loss; at stage 4, only trunks and stems remain. 
Mature nuts were collected in coconut plantations which contained 
two types of hybrid (PB121 or MYD x WAT and PB113 or CRD x 
RIT) and the West African Tall (WAT) variety. The three types of 
coconut are sensitive to the disease. Sample were collected in five 
villages of Grand-Lahou Department in Côte D’Ivoire (5° 14'39'' 
North and 5° 00'11 '' West) that are Badadon, Palmindustrie V1, 
Groguida, Adjadon and Likpilassé (Figure 1). Sampling is also 
undertaken for phloem of stem of each palm. A total of 30 trees 
were sampled including 6 at Badadon, 3 at Village 1, 6 at Groguida, 
6 at Adjadon and 9 at Likpilassé (Table 1). 
 
 
Sampling of phloem, mature nuts, zygotic embryos and 
plantlets 

 
To check the gene 16s RNAr  of  the  phytoplasma  responsible  for  
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Figure 1. Location of villages visited in the Department of Grand Lahou, Côte d’Ivoire. 

 
 
 

Table 2. Primers used for the PCR tests. 
  

Primer 
codes 

Primer sequence Gene to be amplified  TM (°C) 
Size of the gene to be 

amplified (bp) 
Types of 
PCR 

P1 AAGAGTTTGATCCTGGCTCAGGATT 16S RNA 5' 56 
1800 

Classique 

P7 CGTCCTTCATCGGCTCTT 16S RNA 3' 
 

 

G813 CTAAGTGTCGGGGGTTTCC 16S RNA 5' 60 
600 

Nested-PCR 

AwkaSR TTGAATAAGAGGAATGTGG 16-23S 52  

 
 
 
the lethal yellowing disease, one phloem sample per tree was taken 
for the mother trees; the phloem (Figure 2) was taken with an 
electric drill. A total of 30 phloem samples from each of the mother 
trees was collected and stored at -4°C prior for extraction of the 
total DNA. 

Mature nuts, 10-12 months old, recognizable by the brown colour 
of their epidermis (De Nuce and Wuidart, 1982) or noise of water 
inside were harvested from the bunches on the mother trees for 5 
to 10 nuts. A total of 150 nuts were harvested from the 30 sampled 
mother trees. The cylinders of the endosperm or solid albumen that 
contain the zygotic embryos were carefully removed from the nuts 
and disinfected as recommended by N'Nan et al. (2012) and 
Yoboue et al. (2014). After disinfection of the endosperm cylinders, 
extraction and disinfection of the zygotic embryos were carried out 
in the laboratory under aseptic conditions for operation in air-flow 
cabinet (ASSY-Bah et al., 1989; Yoboue et al., 2014). The 
samplings were taken on seemingly healthy trees or in stage 1 
trees because during the evolution of the disease, the mature and 
immature nuts fall early enough; therefore, for these stages (2, 3 
and 4), there are no mature nuts on the trees. The zygotic embryos 
from the nuts (a zygotic embryo/whole nut) from the same mother 
tree were divided into two batches. For each sampled parent tree, 
one of the batches of zygotic embryos was used to run tests in 
order to detect the presence of the phytoplasma DNA. The embryos 
that compose the other batches were transferred directly to in vitro 
regeneration medium contained in the test tubes as one embryo per 
tube. The  composition  of  the  in vitro  regeneration  medium   was 

continuously modified to successively induce germination of the 
zygotic embryos and organogenesis (root, stem and leaf) in order to 
obtain, after 6 months, a complete seedling (Figure 3). 

 
 
Total DNA extraction 

 
The extractions of the total DNA of phloem from mother trees, 
zygotic embryos and leaves of regenerated plantlets in vitro were 
done in a buffer CTAB according to the protocol of Harrison et al. 
(2013). DNA concentrations in the various extracts were read 
through a spectrophotometer Nanodrop 2000 (thermo-scientific, 
USA). 

 
 
PCR and detection of sequence 16S rRNA of the phytoplasma 

 
The conventional PCR was performed with 25 ng of total DNA in a 
reaction volume of 25 μl containing 1 μM of each P1 universal 
primer (Deng and Hiruki, 1991) and P7 (Schneider et al., 1995). 
Concerning the Nested-PCR, the CSPWD G813F/AwkaSR primers 
(Tymon et al., 1998) were used to amplify the area between the 16s 
rRNA and 23S gene for detection of West African phytoplasma 
strain (Nigeria, Ghana and Cote d’Ivoire) of the phytoplasma (N’nan 
et al., 2014). The characteristics of these primers used are recorded 
in Table 2. 
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Figure 2. Harvesting of phloem (A, B), embryo (C, D) and young leaves of in vitro plants (E, F) for molecular diagnostic of the 
phytoplasma.  

 
 
 
The analysis of the results of the PCR was carried out by 
electrophoresis on a 1% agarose gel prepared with a TBE  buffer at 

95 V for 45 min. The agarose gel was pre-saturated with "SYBR 
Safe  DNA"  during  preparation.  Fragment  sizes  were   measured  
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Figure 3. Results of PCR amplification of the sequence of DNA of the phytoplasma of phloem samples of coconut trees. 

 
 
 

 
 

Figure 4. Variability of the proportions of coconut trees that tested positive or not for the 
presence of the 16S rRNA sequence of the phytoplasma.  

 
 
 

using a 100 bp molecular weight marker. After migration, the gel 
was observed on a screen using a digital imaging system "digidoc-il  
120 imaging system". 
 
 

RESULTS 
 

The display on 1% agarose gel of PCR products obtained 
from the phloem DNA extracts revealed a total of 80% 
(24 trees out of 30 tested) positive (presence of the 
sequence between 800 and 900 bp  characteristic  of  the 

DNA length of phytoplasma) within the trees (Figure 4). 
The distribution of trees infected with the lethal yellowing 
disease revealed that 100% of the individuals tested had 
the disease in the villages; Badadon, Palmindustrie V1 
and Adjadon (Figure 5). A proportion of 20% of trees that 
tested negative were observed in the villages of 
Likpilassé (3 trees) and Groguida (3 trees). In the three 
varieties studied, all PB121 trees and WAT were positive 
while out of 9 trees of PB 113, 3 were positive and 6 
negative (Figure 5). 
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Figure 5. Variability of the number of coconut trees in WAT, PB121 and PB113 varieties tested for the 
presence of 16S rRNA sequence of the phytoplasma. 
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Figure 6. Molecular diagnostic tests by PCR for checking of 16S rRNA sequence of the phytoplasma 
responsible for coconut LYD disease in trees, embryos and in vitro plants. 

 
 
 
Molecular diagnosis by PCR carried out for zygotic 
embryos and in vitro plants did not reveal the presence of 
phytoplasmic DNA on the embryos obtained from the 
nuts harvested from the trees that tested positive as well 
as the embryos obtained from the nuts harvested from 
trees that tested negative at Likpilassé and Groguida 
(Figure 6). 

DISCUSSION 
 
From a total number of 30 sampled trees, 24 trees tested 
positive to the sequence 16S rRNA of the phytoplasma 
responsible for the lethal yellowing disease followed up 
by the molecular diagnosis by PCR. This indicates the 
presence of the  phytoplasma  responsible  for  the  lethal  
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yellowing disease in these trees. It confirms the presence 
of the disease in the Department of Grand-Lahou as 
published by Konan et al. (2013) and Yaima et al. (2014). 
Contrary results were obtained by N'nan et al. (2014) in 
their works on the lethal yellowing disease in Ghana 
where the authors did not obtain any amplification for 
samples taken from trees at the onset of the disease. 

When embryo was extracted, the PCR analysis 
revealed that not all embryos carry phytoplasma because 
there was no amplification. Similar results were obtained 
by N'nan et al. (2014) where all embryos tested did not 
have amplification of the AwkaSR gene. Indeed, during 
the evolution of the disease, nuts fall very early which 
could exempt them. Similarly, the seedlings obtained 
after 6 months of in vitro cultures are not carriers of the 
disease. These results confirm the absence of the 
phytoplasma in the embryo and the seedling obtained in 
vitro. 80% of the phytoplasma-bearing trees produced 
nuts with healthy in vitro embryos and seedlings, which 
indicates that the disease is not transmitted from the 
seed. The absence of DNA of the phytoplasma in embryo 
demonstrated by the authors also agrees with the work of 
McCoy et al. (1983) and Cousin (2001). According to the 
latter, the transmission of the phytoplasma by the embryo 
contradicts the biological principles which shows that the 
seeds do not transmit the phytoplasma. The works of 
Nipah et al. (2007) and Myrie et al. (2011) support this 
point of view. Indeed, the authors showed that in vitro 
culture of embryos from infected plants leads to healthy 
plants.  

The current work confirms this hypothesis because all 
the embryos collected in endemic areas are healthy, not 
carrying the phytoplasma. The methods of extractions 
and detections were carried out under strict laboratory 
conditions. Embryos are not transmitters of lethal 
yellowing. 

However, results in disagreement with those reported 
in this study were previously reported. Harrison et al. 
(1995) and Cordova et al. (2003) showed the possible 
presence of phytoplasma in the embryo. The works of 
Nipah et al. (2007) also reported the presence of 
phytoplasma from zygotic embryos while working on the 
Great West Africa (GWA). Cordova et al. (2003) studies 
on the amplification of 16S rRNA of the phytoplasma 
gene in the embryo by PCR. According to these authors, 
the DNA of the phytoplasma is available in the embryo at 
a very low concentration. Therefore, for the detection of 
the phytoplasma by PCR, a large number of embryos 
should be used in order to get a significant quantity of the 
DNA of the phytoplasma in the total DNA extracted from 
the embryo. Harrison et al. (1995) have already proposed 
that several cycles of ultracentrifugation may be useful for 
amplification of the 16S rRNA gene of the phytoplasma.  
 
 
Conclusion 
 

This   study  was  conducted  to  check  the  phytoplasma  

 
 
 
 
responsible for the coconut lethal yellowing disease of 
coconut tree in embryos and seedlings. The results of the 
molecular diagnosis by PCR revealed that unlike affected 
trees, the zygotic embryos from the nuts harvested from 
these trees and seedlings regenerated from the in vitro 
culture of these zygotic embryos, do not carry the gene 
responsible for lethal yellowing disease. This is due to the 
fact that in vitro embryo regeneration generates healthy 
plants. Thus, the use of embryo for the exchange of plant 
material even from lethal yellowing disease areas is 
recommended. 
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