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Abstract

The relentless spread of the fatal disease lethal yellowing (LY) throughout the coconut growing areas is having a serious impact
on many vulnerable communities. Phytoplasmas from the 16SrIV group are the associated agents. These obligated
phytopathogenic mollicutes systemically colonize phloem tissues inducing numerous biochemical and physiological changes
leading to symptom development and ultimate death of coconut palms. Large numbers of coconut trees succumbed to the
disease over the past three decades. There are different subgroups of the 16SrIV phytoplasmas affecting palms in the Americas.
It is important for these to be properly identified along with the epidemiology of the disease. The effective molecular tools used
to identify these subgroups show variations in some conserved genomic regions. In the Americas the subgroups have been
identified, the current distribution of LY in Jamaica and Mexico and the 16SrIV subgroups occurring in these countries and in
other Caribbean countries are described.
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Introduction

The relentless spread of the fatal disease lethal yellowing
(LY) throughout the coconut growing areas is having a serious
impact on many vulnerable communities. Phytoplasmas from
the 16SrIV group are the agents associated with this disease
in the Americas and Caribbean areas. These obligated
phytopathogenic mollicutes systemically colonize the phloem
tissues inducing numerous biochemical and physiological
changes leading to ultimate death of coconut palms. There
are different subgroups of the 16SrIV groups affecting palms
in the Americas. It is important for these to be properly
identified along with the epidemiology of the disease.

Materials and Methods

Samples were collected from coconuts trees displaying LY
symptoms and visually healthy trees in Mexico and in some
of the islands of the Caribbean area (Figures 1 and 2). DNA
extraction was performed from 50 g of trunk boring, using a
CTAB extraction protocol (Doyle and Doyle, 1990) PCR
amplification was performed on 16S rRNA gene with
universal primers P1/P7 (Deng and Hiruki, 1991; Schneider
et al., 1995) followed by 16SrIV group specific primers 16S503f/
LY16Sr (Harrison et al., 1999) in nested PCR assays. Samples
were also amplified by groELF1/R1 primers followed by

groELF2/R2 (Myrie et al., 2011) in nested-PCR. Positive
samples were subjected to RFLP and/or sequencing. The
subgroup identification was obtained on 16S rDNA
sequences of appropriate size (about 1,200 bp in the 16S
ribosomal gene) with the iPhyClassifier (Zhao et al., 2009).
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Figure 1. Symptomatology observed in the coconut trees: yellow leaves in horizontal
position and necrotic inflorescences.

Figure 2. Distribution of LY disease and some of the places where the samples were
collected.
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Results and Discussion

Studies in Jamaica on the diversity of phytoplasmas
associated with LY disease revealed that only 16SrIV-A
subgroup is affecting the coconut palms. No variations were
found in the 16S rRNA and the groEL  genes in Jamaica. The
RFLP characterization on 16S rDNA showed distinct
difference with AluI enzyme of the 16SrIV-A and -D strain
subgroups (Figure 3). It seems that under favourable conditions
all the LY pathotypes can move aggressively through the
fields and this can be mitigated by the management strategies
which have proven to be effective. Studies on the diversity of
phytoplasmas associated to LY or LY-type diseases (LYDs) of
palm and non-palm species in Mexico, have shown the
occurrence of subgroups 16SrIV-A, -B and –D (Harrison et al.,
2002). LY disease in Antigua, St. Maarten, St, Kitts and Nevis
is associated with the 16SrIV-A subgroup (Myrie et al., 2006,
2012, 2014). Subgroup 16SrIV-A is associated with Cocos
nucifera  and other palm species (Cordova et al., 2000, 2017)
while subgroup 16SrIV-B has been found only in C. nucifera.
Subgroup 16SrIV-D was identified in C. nucifera,  other palm
species and also the non-palm species Carludovica palmata
(Vázquez-Euán et al., 2011; Narvaez et al., 2006, 2016, 2017).
Studies have shown that there is a wide geographic
distribution of 16SrIV phytoplasmas in the Caribbean i.e.
Jamaica, St. Maarten/St. Martin, Antigua (Myrie et al., 2014)
and Barbuda (Myrie et al., 2014), St. Kitts and Nevis (Myrie
et al., 2006, 2012) and in Mexico (Campeche, Yucatan), Gulf
of Mexico (Tabasco, Veracruz), Centre (Guanajuato) and South
Pacific (Guerrero, Oaxaca).
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Figure 3. Virtual RFLP of amplicons obtained from coconut samples with the enzymes
left to right AluI, BamHI, BfaI, BstUI, DraI, EcoRI, HaeIII, HhaI and HinfI. Amplicon size
was 1,249 bp, Ribosomal subgroups are listed at the bottom.




