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A B S T R A C T

Papaya virus Q (PpVQ) is an umbra-like virus found in papaya plantings of Ecuador. A most recent study
conducted in Brazil has reported the presence of a virus with 70% nucleotide identity to PpVQ. The Brazilian
virus was shown to act synergistically with Papaya meleira virus (PMeV) to induce a devastating disorder known
as papaya meleira. This finding prompted us to investigate epidemiology aspects of PpVQ, especially its trans-
mission and potential involvement with meleira like symptoms in Ecuador. Three out of ten plants inoculated
with ‘viruliferous’ whiteflies (Bemisia tabaci) tested positive for PpVQ; whereas no mechanical or seed trans-
mission was observed. Surveys using a multiplex RT-PCR assay for the simultaneous detection of PpVQ, PMeV
and Papaya ringspot virus (PRSV) revealed that PpVQ is found most commonly in co-infections with PRSV, but
also in single infections in asymptomatic plants. PMeV, on the other hand, was not detected in any of the tested
plants. Interestingly, two virus sequences with homology to PpVQ and PMeV, respectively, were found in leaf
samples from babaco (Vasconcellea x heilbornii, syn. Carica pentagona), a sub-tropical relative of papaya native to
Ecuador, highlighting the importance of implementing a surveillance scheme for papaya meleira disease in
Ecuador as a preventative management and control strategy.

1. Introduction

Papaya virus Q (PpVQ) is a single-stranded RNA virus that was se-
quenced and reported for the first time in Ecuador in 2015. The virus
possesses an RNA-dependent-RNA-polymerase (RdRp) genetically re-
lated to members of the genus Umbravirus (Quito-Avila et al., 2015).
However, the presence of an assistor virus member of the family Lu-
teoviridae — a typical characteristic for umbraviruses (Taliansky et al.,
2000; Taliansky and Robinson, 2003) — has not yet been found.

Preliminary data on the epidemiology of PpVQ showed that the
virus is present in the main papaya producing provinces of Ecuador
with incidences ranging from 20 to 60% in four-month periods, sug-
gesting an aerial vector. Although commonly found in co-infections
with Papaya ringspot virus (PRSV), PpVQ has not been associated with
any visual symptoms in papaya. In addition, efforts to transmit the virus
from mixed-infected plants using aphids were only successful for PRSV
but not for PpVQ (Quito-Avila et al., 2015).

Interestingly, a virus genetically related to PpVQ has been found in
Brazil and Mexico and implicated in a devastating disease known as
papaya meleira (Portuguese for “sticky”).

Meleira disease was first observed as early as 1980 in Espiritu Santo,
State of Brazil (Rodrigues et al., 1989) and later reported in Mexico
(Perez-Brito et al., 2012). The main symptom of the disease was the
spontaneous exudation of latex from the fruit, which turned into brown
necrotic spots reducing the appearance and quality of the fruit
(Rodrigues et al., 1989; Ventura et al., 2004). A decade after its first
report, a spherical virus with double-stranded RNA (dsRNA) genome —
thereafter named Papaya meleira virus (PMeV) — was associated to the
disease (Kitajima et al., 1993). In subsequent studies, the partial se-
quence of the virus was obtained and revealed homology with members
of the genus Totivirus (Araújo et al., 2007). In 2015, the first complete
genome sequence of a Brazilian isolate of PMeV was determined. The
virus genome consisted of 8.7 kb with two open reading frames (ORFs)
encoding, respectively, the putative coat protein (CP) and the RdRp.
Phylogenetic analyses of the RdRp confirmed that PMeV was related,
albeit distantly, to members of the Totivirus (Abreu et al., 2015a,b).

A more recent study conducted in Brazil, revealed the presence of an
additional virus in symptomatic plants infected with PMeV. The virus,
referred to as Papaya meleira virus-2 (PMeV-2), exhibited homology to
PpVQ with 70% nucleotide (nt) identity for the RdRp without a
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putative CP gene, similarly to umbraviruses (Antunes et al., 2016).
More importantly, the study showed that PMeV-2 was encapsidated by
the CP of PMeV and symptoms of the disease were only observed in
mixed-infected plants. These findings cleared up an important mis-
diagnosis for an assumed Mexican isolate of PMeV reported from
‘Maradol’ papaya in Yukatan, Mexico (Zamudio-Moreno et al., 2015). In
that study, a 1154 nt genome fragment — with homology to um-
braviruses — was detected in plants showing meleira symptoms and
thought to be part of the totivirus-like PMeV from Brazil. The virus was
considered a Mexican isolate of PMeV (PMeV-Mx).

In the present work, a molecular-based surveillance program was
implemented to determine the potential presence of PMeV and the
meleira disorder in Ecuador. More importantly, transmission aspects of
PpVQ — a homologue of PMeV-2 and PMeV-Mx — including the
identification of its insect vector were addressed.

2. Materials and methods

2.1. Virus survey and insect monitoring

Previous preliminary surveys reported the presence of PpVQ only in
plants co-infected with Papaya ringspot virus (PRSV), suggesting a pos-
sible association between these two viruses. In this study, a total of 225
two-year old papaya trees cv. ‘Sunrise’ were sampled from commercial
plantings in Guayas (n= 75), Los Ríos (n=75) and Santo Domingo
(n=75) provinces and tested for both viruses as described by Quito-
Avila et al. (2015).

PpVQ infected plants were marked in the field and used for i)
monitoring potential virus vectors and ii) inoculum source in sub-
sequent transmission assays.

Vectors were monitored using yellow sticky traps placed in proxi-
mity to PpVQ-infected trees but also in individual papaya leaves. The
presence (counts) of insects and other arthropod species was used as
starting point to evaluate potential vectors for the virus. Virus survey
and vector monitoring took place from February to December of 2016.

2.2. Transmission assays

Formal transmission assays consisted of evaluating the ability of
different arthropod species to transmit the virus onto new PpVQ-free
plants. To this end, selected species were collected (n= 110) from in-
fected plants under field conditions. From each group, sub-samples of
10 specimens were placed in 70% ethanol for virus detection by RT-PCR
using the protocol described by Quito-Avila et al. (2012) and the re-
maining insects (n= 100) were transferred to groups of ten PpVQ-free
plants (e.g. ten insects per plant), under greenhouse conditions, and
allowed feeding for up to seven days. At that point, specimens were
collected in groups of 10 for virus testing to account for virus retention
in the potential vector after the feeding (inoculation) period.

Inoculated plants were kept under controlled conditions in insect-
proof cages. Virus testing was done at 60, 90, and 180 days post-in-
oculation.

2.3. Seed and mechanical transmission

Fruits from three infected plants were harvested and the seeds
collected separately from each fruit. A sub-sample of 50 seeds from each
fruit was used for grow out testing. For mechanical inoculation, two
extracts were used: the first one was obtained by grinding the infected
leaf in presence of standard phosphate buffer, and the second one
consisted of total RNA extracts obtained from the same infected leaf as
has been done in previous studies for umbraviruses (Taliansky et al.,
2003).

2.4. Surveillance of papaya meleira disease in Ecuador

In order to determine whether PpVQ was present in plants also in-
fected with PMeV, a duplex system for detection of PpVQ and PMeV
was developed. Furthermore, considering the importance and pre-
valence of PRSV in papaya plantings of Ecuador, a triplex RT-PCR assay
to include PMeV was developed based on the PpVQ and PRSV detection
assay described by Quito-Avila et al. (2015).

For PMeV, alignments of the two complete sequences, available at
the time, were used to design and test several primers for effective
detection of this virus. Additional primer sets designed for genome
sequencing by Antunes et al. (2016) were tested in the triplex assay.
Recommended detection primers were selected based on specificity and
detection effectiveness. Positive controls for validation of PMeV de-
tection were kindly provided by Dr. Patricia Fernandes from Uni-
versidade Federal do Espirito Santo, Brazil.

2.5. Double-stranded RNA (dsRNA) extraction and sequencing

Symptomatic babaco leaves were collected and used for dsRNA
extraction as described (Morris and Dodds, 1979). The dsRNA was used
as template for degenerate-oligo-primed (DOP) RT-PCR followed by
shotgun sequencing (Froussard, 1992; Quito-Avila et al., 2014). Se-
quences were analyzed using the 8.1.2 version of Geneious and Blastx
and Blastn at NCBI.

3. Results

Virus surveys showed that PpVQ was present in 10%, 25% and 30%
of plants tested in Guayas, Santo Domingo and Los Ríos, respectively;
whereas, PRSV was present in more than 90% of tested plants in the
three locations. Out of the 30% of plants positive for PpVQ in Los Ríos,
8% corresponded to single infections of PpVQ (e.g. 22% of plants were
infected by both PpVQ and PRSV, and 8% were infected only by PpVQ).
A thorough inspection of leaves and fruits from mixed- and sinlgy-in-
fected plants did not show differences in symptoms expressed in plants
infected with PRSV only and those infected with PRSV and PpVQ.
Likewise, plants singly-infected with PpVQ did not show any visible
symptoms on leaves or fruits.

PpVQ positive plants from Los Ríos were selected and marked in the
field as inoculum source for subsequent transmission assays. Arthropod
counts revealed that the most common species present in sticky traps
and detached leaves were whiteflies (up to 12 adults per cm2 on leaves),
red mites (up to 8 adults per cm2 on leaves) and mealybugs (up to 10
adults per leaf).

PpVQ was detected in sub-samples of all three species of arthropods
before being transferred to PpVQ-free plants under greenhouse condi-
tions. However, only three out of 10 plants inoculated with ‘vir-
uliferous’ whiteflies tested positive for PpVQ at 90 days post inocula-
tion. PCR amplification products were sequenced (Macrogen Inc.) and
the identity of PpVQ (98% nt identity) was confirmed. After the in-
oculation access period (7 days), the virus was not detected in the group
of whiteflies used for transmission. PpVQ was not detected in any of the
plants inoculated with ‘viruliferous’ mites or mealybugs after 180 dpi.

As for seed and mechanical inoculation, none of the seedlings and
mechanically inoculated plants tested positive for the virus. RT-PCR
testing was repeated at 90 days post emergence (seedlings) and 180 dpi
for mechanically inoculated plants.

A triplex RT-PCR assay was developed and successfully validated for
the simultaneous detection of PpVQ, PMeV and PRSV. Recommended
primers used for this assay are listed in Table 1.

A set of 30 archived cDNA samples from plants previously known to
be PpVQ and/or PRSV positive was tested using this assay. PMeV was
not found, whereas PpVQ and PRSV were confirmed in those samples.
Fig. 1 shows a subset of samples tested by the multiplex RT-PCR.

Thus far, symptoms of meleira have not been reported in papaya

J.F. Cornejo-Franco et al. Crop Protection 110 (2018) 99–102

100



Download English Version:

https://daneshyari.com/en/article/8878045

Download Persian Version:

https://daneshyari.com/article/8878045

Daneshyari.com

https://daneshyari.com/en/article/8878045
https://daneshyari.com/article/8878045
https://daneshyari.com

