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New or Unusual Disease Reports

Mixed infections of Tomato yellow leaf curl New
Delhi virus and a ‘Candidatus Phytoplasma
asteris’ strain in zucchini squash in Italy
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zale Enrico Fermi 1, 80055 Portici (NA), Italy
*Corresponding author. E-mail: giuseppe.parrella@ipsp.cnr.it

Summary. A new disease syndrome of zucchini squash was observed in Southern Ita-
ly, in 2018 and again in 2020. Affected plants were severely stunted and leaves were
bent downwards, small, stiff, thick, leathery, and had interveinal chloroses. In addition,
flowers were virescent and fruits were deformed and often cracked. Disease incidence
was 20 and 30% in two different zucchini cultivations in Campania region (Southern
Italy). Tomato yellow leaf curl New Delhi virus (TOLCNDV) was detected in eight sam-
ples, by loop-mediated isothermal amplification-based (LAMP) kit and by PCR and
Sanger sequencing of the AV1 gene. Phytoplasmas were detected in the same samples
using nested PCR assays with primer pairs P1/P7 and R16F2n/R16R2. Phytoplasma
associations in plant samples were confirmed using specific primers for the multilo-
cus genes SecY, tuf and rp. Sequence comparison of multilocus genes and phylogenet-
ic analyses of the 16S rDNA gene confirmed the association of a phytoplasma strain
closely related to ‘Candidiatus Phytoplamsa asteris’ This is the first report of mixed
infections of TOLCNDV and a putative ‘Ca. Phytoplamsa asteris’ strain in zucchini,
associated with a new Squash-Phytoplasma-Begomovirus (SqPB) disease syndrome.

Keywords. Aster yellows phytoplasma, TOLCNDV, Cucurbita pepo, mixed infection.

INTRODUCTION

Tomato leaf curl New Delhi virus (ToOLCNDV), a bipartite begomo-
virus, was first reported to infect tomato in 1995 in India (Padidam et al.,
1995). During the last 20 years TOLCNDV has emerged as an important
pathogen, and has spread rapidly in Cucurbitaceae in the Mediterranean
area, where zucchini crops have been most affected. The disease caused by
ToLCNDV is often epidemic, thanks to the presence of its efficient vector,
the whitefly Bemisia tabaci (Bertin et al., 2018; Parrella et al., 2018; Panno
et al., 2019; Bertin et al., 2021). TOLCNDV-infected zucchini squash plants
showed typical symptoms, including stunting, severe leaf-curling, yellow
mosaic and vein swelling of young leaves, rough skin and reduced size of
fruit. Some of these symptoms are similar to those associated with phyto-
plasma infections.
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Figure 1. The previously unreported Squash-Phytoplasma-Begomovirus (SqPB) disease syndrome that was observed on zucchini plants
doubly infected with tomato leaf curl New Delhi virus (TOLCNDV) and a phytoplasma related to 16Sr-IB strain. A) yellowish young leaves
and virescence of the flowers; B) deformed and cracked fruits with virescent flowers, compared to a healthy fruit and flower (on the left).

In 2018, during field monitoring for cucurbit virus-
es, an unusual syndrome was observed on zucchini
squash plants in a field in Campania region (southern
Italy). This syndrome was observed again in 2020, in
a zucchini field located approx. 100 km from the 2018
observation. Symptoms consisted of severe stunting of
the affected plants, while leaves were bent downwards,
stiff, thicker than normal, with leathery texture, and
showed interveinal chloroses and reduced leaf area.
Young leaves were slightly chlorotic (yellowish) (Fig-
ure 1A). These symptoms were like those previously
associated with TOLCNDV on zucchini in southern
Italy (Panno et al., 2019). However, additional symp-
toms were observed during fruit set including reduc-
tions in fruit size, and fruits were also deformed and
often cracked. Flowers were virescence, which could be
attributed to phytoplasma infections (Figure 1B). These
field observations implied simultaneous infections of
ToLCNDV and an unknown phytoplasma. This syn-
drome was first observed on zucchini plants in Italy,
which is referred to as Squash-Phytoplasma-Begomov-
irus (SqPB).

MATERIALS AND METHODS

Two 1000 m? zucchini fields, one in 2018 and one
in 2020, both with diseased plants and located in the
Campania region of southern Italy, were selected for
sample collection and analysis of disease incidence. The
two fields were 100 km apart. The percentage incidences
of SqPB was assessed by counting the number of plants

with SqPB symptoms out of total number of plants
observed in each field, using the following formula:

% disease incidence = N;- of Sf‘”;‘ptomztlc plznts x 100
0. O p ants observe

One SqPB diseased plant was randomly collected
within each of four 1 m? plots on a diagonal transect
across each of the two 1000 m? zucchini fields. Thus,
four symptomatic SqPB plants and four asymptomatic
plants were chosen from each field for laboratory analy-
ses. Samples (one leaf per plant) were analyzed by dou-
ble antibody sandwich ELISA with a commercial kit
(Bioreba AG) for cucumber mosaic virus (CMV) and
by indirect plate trapped antigen ELISA for potyviruses
(potygroup test). TOLCNDV testing was carried out first,
using a specific commercial loop-mediated isothermal
amplification-based (LAMP) kit (Enbiotech). Total DNA
was extracted from virescent flowers of the eight symp-
tomatic plants following previously described methods
(Parrella et al., 2008). Nucleic acid samples diluted in TE
buffer [10 mM Tris-HCl, 1 mM EDTA (pH 8.0)] to give
a final concentration of 20-60 ng uL"! were employed in
PCR reactions, as described by Schaff et al. (1992). For
ToLCNDV detection by PCR, the specific primer pair
for the AV1 gene was used, as described by Parrella et al.
(2018). For phytoplasmas detection, direct PCR ampli-
fication was carried out using the universal primer pair
P1/P7 (Deng and Hiruki, 1991; Schneider et al., 1995)
to amplify the 16S rDNA, the spacer region and part
of the 23S region, followed by nested-PCR with prim-
ers R16F2n/R16R2 (Gundersen and Lee, 1996) on P1/
P7 amplicons diluted 1:30, and following procedure
described previously (Parrella et al., 2008; Parrella et



Virus and phytoplama mixed infections in zucchini

al., 2014). The AYsecYF1/AYsecYR1 primers (Lee et al.,
2006) were used to amplify the secY gene, the fTufu/
rTufu primers (Schneider and Gibb, 1997) to amplify
the tuf gene, and the rpF1/rpR1 (Lim and Sears, 1992)
to amplify the rp gene, in direct PCR assays. Positive
and negative controls, including a no template control,
were included in all ELISA and PCR assays. The poty-
virus-positive control were the isolate PAC-1 of BYMV
(Parrella and Lanave, 2009), and the phytoplasma posi-
tive control was the isolate CATA-IT1 of Catharan-
thus roseus 16Sr-IB phytoplasma (Parrella et al., 2008).
Amplicons of the TOLCNDV AV1 gene and of each of
the four phytoplasma genes from each positive plant
sample were purified using the Wizard SV Gel and PCR
Clean-Up System (Promega), and were then directly
Sanger sequenced twice on both directions. Multiple
sequence alignments of 16S rDNA from different Candi-
datus Phytoplasma species (Ca. P.) and of the AV1 gene
from ToLCNDV-ES/ToLCNDV-In isolates were conduct-
ed using Muscle (Edgar, 2004) implemented in MEGAL11.
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Phylogenetic trees were constructed using the best fit
model for each alignment, using the maximum likeli-
hood (ML) method in the MEGA11 (Tamura et al., 2021)
with 500 bootstrap replicates. The trees were drawn to
scale, with branch lengths measured as the number of
substitutions per site.

RESULTS AND DISCUSSION

Incidence of the SqQPB was estimated at 20% in the
field inspected in 2018, and at 30% in the second field
inspected in 2020. No positive reactions were observed for
all the samples analyzed by ELISA for the search of CMV
and potyviruses. All eight SqQPB syndrome leaf samples
tested positive to TOLCNDV by LAMP, while the eight
symptomless samples tested negative for TOLCNDV. The
presence of TOLCNDV was further confirmed in the eight
positive samples, using the TOLCNDV AV1 gene PCR
assay. The nucleotide sequences of AV1 gene amplicon
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Figure 2. A) Phylogenetic analyses based on TOLCNDV coat protein gene of different virus isolates from the Mediterranean area (ToLCNDV-
ES) and Asia (TOLCNDV-In). Evolutionary analyses were conducted in MEGA 11 (Tamura et al., 2021), using the Maximum Likelihood
method and Tamura-Nei model (Tamura and Nei, 1993), with 500 bootstrap replicates. The percentage of trees in which the associated taxa
clustered together is shown next to the branches for values >70%. The TOLCNDYV isolate from double-infected zucchini (indicated in the tree
with a red arrow) groups together with four other isolates identified in the same Italian region (Campania) belonging to the subgroup I (red
box), as described by Troiano and Parrella (2023), and within the TOLCNDV-ES major clade. The green box groups the TOLCNDV isolates
belonging to subgroup II (isolates from Spain and Lazio, central Italy) within the TOLCNDV-ES major clade. B) Phylogenetic tree based on
phytoplasma 16S rDNA, using the Maximum Likelihood method and Tamura-3 parameter model (Tamura and Nei, 1993), with 500 boot-
strap replicates. The tree shows relationships among ‘Candidatus Phytoplasma’ species (Ca. P.). GenBank accession numbers are specified in
the tree together with ribosomal group or subgroup indications (the position of the phytoplasma isolate is indicated with a red arrow).
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obtained from the eight symptomatic plants were identical.
A BLASTN search showed that they were also identical
(100% nucleotide similarity) to the sequence of the ToLC-
NDV Italian isolate Caa-164/16 from pepper (MK732932),
which belongs to the TOLCNDV-ES subgroup I (Troiano
and Parrella, 2023). This was confirmed by the phylogenet-
ic analyses (Figure 2A). The 1049 bp sequence was submit-
ted to NCBI (GenBank Acc. No. PP079219).

Amplicons of the expected size for the 16S rDNA,
tuf, SecY and rp gene assays were produced only from
all eight plants showing the SqPB syndrome. Sanger
sequences were 100% identical among each gene and
99-100% identical to the related sequences of 'Ca. P.
asteris’ strain RP166 (CP055264), a phytoplasma in the
16SrI-B Aster yellows group and associated with rape-
seed phyllody (Cho et al., 2020). This was confirmed by
the phylogenetic analyses (Figure 2B). Sequences of each
gene were submitted to NCBI (accession nos. PP083730
for 16S rDNA; PP079220 for SecY; PP079221 for tuf;
PP079222 for rp).

Mixed infections of phytoplasmas and begomo-
viruses have been reported in different vegetable crops
from other countries. These reports include: in tomato
and pepper in Mexico (Cardenas-Conejo et al., 2010;
Lebsky et al., 2011); in chickpea, eggplant, tomato, pep-
per and Withania somnifera in India (Swarnalatha and
Reddy, 2014; Singh et al., 2015; Venkataravanappa et al.,
2018; Reddy et al., 2021; Tiwari et al., 2022); in common
bean in Cuba (Zamora et al., 2021); in tomato in Saudi
Arabia (Sohrab et al., 2016); and in many ornamen-
tal crops (Ahmad and Khan, 2021). The present study
results represent the first evidences of mixed infections
of the whitefly-transmitted Begomovirus TOLCNDV and
a 16SrI-B group related phytoplasma in diseased zucchi-
ni squash, and in Italy. The presence of both pathogens
in zucchini squash in Campania it not surprising, since
ToLCNDV infects zucchini in the region and ‘Ca. P. ast-
eris’ is widespread in Italy (Panno et al., 2019).

The effects of possible interactions between viruses
and phytoplasmas have not yet been studied in detail in
mixed infections. Phytoplasmas belonging to the aster
yellows group are probably one of the most diverse and
widespread groups (Lee and Davis, 2000). TOLCNDV
has also become an endemic virus on cucurbits grown
in countries in the Mediterranean Basin, partly due to
the invasion into new areas of its efficient vector, the
whitefly Bemisia tabaci (Panno et al., 2019; Bertin et al.,
2018). Generalized yellowing caused by TOLCNDV infec-
tions in zucchini could be attractive to different sucking
insects, including the leathoppers that transmit phyto-
plasmas (Shi et al., 2020). Conversely, if ‘Ca. P. asteris’
causes yellowing in zucchini squash, this could further
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attract TOLCNDV infectious whiteflies (Johnston and
Martini, 2020). Mixed infections may enhance disease
severity and yield losses compared to those of single
infections. Hence, interactions between phytoplasmas
and viruses should be studied in more detail, especially
in vegetable crops and from epidemiological and patho-
gens interaction viewpoints.
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