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Abstract: Pomegranate is an important crop in the Mediterranean Basin that can be affected by a
range of pathogens. With the aim to better understand the impact of viral diseases on pomegranate,
two leaf samples from Turkey showing virus-like symptoms such as chlorotic spots and oak-leaf
patterns were subjected to high throughput sequencing (HTS). Data analysis indicated the presence
of passiflora edulis symptomless virus (PeSV: genus Roymovirus, Potyviridae family) in these two
pomegranate samples, consistent with the observation by electron microscopy of flexuous filamentous
viral particles 760 to 780 nm long. Further analysis of HTS reads revealed the presence of five PeSV
variants in one of the samples and another single variant in the other. PeSV occurrence was also
identified from publicly available SRA pomegranate RNA-Seq transcriptomic data from India and
China. The genome of these PeSV-pomegranate variants share 78.0-86.8% nucleotide identity with
that of the reference isolate from passionfruit (MH379332). The presence of PeSV in pomegranate
was confirmed by specific RT-PCR assays targeting either the coat protein (CP) or Nla-Pro genes
in 37 cultivated and one ornamental pomegranate out of 133 samples collected from the Eastern
Mediterranean region of Turkey. To our knowledge, this is the first application of HTS to assess virus
occurrence in pomegranate and the first recognition of pomegranate as a new host for PeSV.

Keywords: Punica granatum; potyviridae; HTS; electron microscopy; RT-PCR

1. Introduction

Pomegranate (Punica granatum L.) which belongs to the family Punicaceae, is originated from Iran
and has been cultivated since ancient times throughout the Mediterranean parts of Asia, Africa and
Europe as a medicinal and ornamental plant and as well as a fruit tree [1,2]. The main pomegranate
production occurs in Asian countries such as Iran, India and China. However, Turkey is also one of
the leading producers and exporter of this fruit, with a total pomegranate production that reached
503 tons in 2017, corresponding to the 4th largest production in the World (https://trade.gov.tr/data/).
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Pomegranates have gained much attention in recent years because of their claimed antimicrobial,
anticancer, antiviral and antioxidant properties [3,4].

Although there are many studies addressing a range of pathogens affecting pomegranates, such as
fungi, bacteria and phytoplasmas [5], there are only scarce reports on the virus and virus-like diseases
affecting this crop. To date, only cucumber mosaic virus (CMV), tomato ringspot virus (ToRSV)
and hop stunt viroid (HSVd) have been reported in pomegranate trees [6-9]. Some recent studies in
Turkey showed that “virus-like” symptoms such as vein clearing, oak-leaf discoloration patterns and
leaf deformations are widespread in the local pomegranate cultivars grown in the Hatay province.
While the symptomatic and suspicious plants were tested against some viruses by DAS-ELISA and
RT-PCR, three samples out of twenty-three were found positive for grapevine leafroll-associated virus
1 (GLRaV-1) [10]. This was the first report of a natural host for GLRaV-1 other than grapevine. As most
vegetatively propagated crops, pomegranates could host different viral pathogens transmitted to
progeny plants by vegetative propagation practices. When viruses multiply in their hosts, they can
evolve through mutation or recombination with selection or genetic drift acting as filters on the genetic
diversity thus constituted, sometimes as a consequence to host-shift [11]. Furthermore, some viruses
could be transmitted by insect vectors which could visit several different hosts, so that the virus
population dynamics and the host range of a given virus may shift over time [12]. The finding of
GLRaV-1 in pomegranates indicates that this plant might also be a host for other viruses or virus-like
pathogens yet to be discovered.

The progress of science has been greatly boosted by the advent of revolutionary technologies such
as high throughput sequencing (HTS), which provides new ways and scales to formulate scientific
questions and advance knowledge. HTS has developed into a powerful tool and is changing the
way we understand and address viruses, particularly in the areas of genome sequencing, evolution,
ecology, biodiversity and virus discovery [13,14]. HTS has proved to be a fast and precise method
for detection, identification and quantification of known or novel viruses. HTS technologies and
bioinformatics have drastically changed the protocols of exhaustive search for viral infection in a
plant sample (viral indexing in certification programs) and in the past few years have resulted in a
dramatic increase in the discovery rate of plant-infecting viruses and in the identification of the agents
responsible for diseases of previously unknown etiology [15].

Potyviridae is a large family of plant viruses, some of them causing serious diseases in important
crops. Viruses included in this family are classified into ten genera harboring 204 species and have a
monopartite or bipartite single-stranded positive-sense RNA genome ranging from 8.2 up to 11.3 kb in
size. All monopartite members of the family form flexuous filamentous particles with a 700-900 nm
length. Their genome consists of a positive single-stranded RNA (ssRNA) with a 3’ poly(A) tail.
These viruses are transmitted mainly by arthropods [16]. Passiflora edulis symptomless virus (PeSV)
has been recently proposed as a new member of the family Potiviridae, genus Roymovirus, identified in
Israel infecting passionfruit [17]. The nucleotide and deduced amino acid sequences of the polyprotein
of roymoviruses share the greatest identities with other viruses in the family Potyviridae, but they are
not clearly closer to members of any particular genera in the family. Comparison of the deduced
amino acid sequence of the large ORF revealed identities with other viruses of the family to be rather
low, ranging from 13% for some bymoviruses to 23% for some potyviruses [18]. The type species of
the Roymovirus genus is rose yellow mosaic virus (RoYMV) which was first isolated from several
rose cultivars in New York and Minnesota. PeSV is the second reported member of the genus and
was isolated from a symptomless passionfruit. Its 9928 nt genome encodes a polyprotein predicted
to be processed into ten polypeptides. The genome of these two new viral species shows some
peculiarities, in particular, a putative additional NIa-Pro cleavage site at the protein 6K2-Nla-VPg
junction, the absence of aphid transmission motifs in both HC-Pro and CP, as well as the presence of a
putative eriophyid mite transmission motif in the CP [17].
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In the present study, we used HTS to investigate the possible presence of viruses in pomegranate
samples showing oak-leaf, mosaics and chlorotic leaf spots. The presence of PeSV was identified by
HTS and further confirmed using RT-PCR and electron microscopy:.

2. Materials and Methods

2.1. Plant Materials

Two pomegranate plants (Punica granatum cv. Hicaznar) (PS1 and PS4) showing strong chlorotic
spots and oak-leaf patterns on their leaves were used for HTS analysis in order to identify the etiological
agent(s) involved. In addition, a total of 133 pomegranate samples (108 cultivated, 25 ornamental
pomegranates) were collected for field surveys during October-November 2019 from the provinces of
Hatay, Adana, Mersin and Aydin of Turkey where pomegranate production is economically important.
Among these plants, 82 exhibited typical symptoms of oak-leaf, chlorotic spots and mosaic on their
leaves, while others were symptomless.

2.2. Electron Microscopy

Virus particles were partially purified from symptomatic pomegranate leaves [19] and the enriched
fractions were negatively stained in 2% uranyl acetate and examined using a Tecnai Spirit BioTWIN
(Thermo Fisher Scientific, Inc., Waltham, MA, USA) transmission electron microscope.

2.3. HTS Library Preparation and Sequencing

Total RNAs were extracted by a Silica capture method [20] and subsequently treated
with Turbo DNase (Thermo Fisher Scientific, Inc.) and concentrated by ethanol precipitation.
Nanodrop (Thermo Fisher Scientific, Inc.) and Agilent 2100 Bioanalyzer System (Agilent Technologies,
Inc., Santa Clara, CA, USA) were used to assess the quality and quantity of the extracted RNAs.
Ribosomal RNAs were removed using the Ribo-Zero™ Plant Leaf Kit (Illumina Inc., San Diego, CA,
USA) and the library was prepared using the TruSeq Stranded Total RNA Library Prep Kit (Illumina Inc.)
according to the manufacturer’s recommendations. The samples were sequenced on the Illumina
Nextseq 500 platform with 2 x 150 nt paired-end sequencing (ADM Lifesequencing, Paterna, Spain).

2.4. Data Analysis

HTS data analysis was performed by CLC Genomics Workbench 10.1.1 (QIAGEN, Hilden,
Germany) and Geneious Prime 2020 software (Biomatters Ltd., Auckland, New Zealand). The raw
reads were subjected to quality control, trimming and host genome subtraction steps. The resulting
reads were used to de novo assemble contigs using CLC Genomics Workbench. The similarity to viral
sequences of contigs longer than 200 nucleotides was assessed by BLASTn and BLASTx with a cut-off
e-value of 1074,

For recovery of full-length genomes, contigs were extended by mapping the reads against the
recovered contigs, using stringent conditions (>98% of similarity) to avoid the recovery of a mixed
sequence from different isolates present in a single sample.

Publicly available pomegranate transcriptomic RNA-Seq data deposited as sequence reads
archives (SRAs) in GenBank were also analyzed for the presence of viruses using CLC Workbench 10.1.1
essentially as described above. In one case, a specific effort was made to assemble a complete genome
by manually scaffolding contigs followed by extension by rounds of reads mapping as described above
while for other SRAs, only the largest PeSV contig identified was considered for further analysis.

2.5. Virus Detection by RT-PCR

Based on the assembled contigs, two primer pairs amplifying partial sequences of the
Nla-Pro (6564F: 5-TTT GGT TTT CGT CAC TGG AT-3'/7030R: 5-GTG ACT GGT GTG AAG
TAG TT-3’) and of the coat protein (CP) regions (8985F: 5'-CTGGATGTGATTGAGTTACC-3'/9753R:
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5’-CAAGAGGTTTTCATGCCAG-3’) were designed to confirm the HTS-assembled sequences and
fulfillment of the survey. Reaction ingredients, conditions, and thermal cycling for RT-PCR were
as described previously [21]. The amplified fragments were cleaned up using PCR purification kit
(Qiagen) and directly sequenced in both directions by Medsantek (Istanbul, Turkey).

2.6. Phylogenetic Analyses

Nucleotide and amino acid identities were determined from pairwise sequence alignment prepared
with the MAFFT v7.388 plugin [22] implemented in Geneious Prime. The phylogenetic analyses
were performed using a multiple alignment of complete genome nucleotide reference sequences of
members of the Potyviridae family and partial NIa-Pro and CP sequences prepared using MAFFT
v7.388 and phylogenetic trees reconstructed using the Maximum Likelihood method implemented
in MEGA X [23]. One hundred bootstrap replications [24] were applied to establish the solidity of
branching relationships.

3. Results

3.1. Symptoms of Pomegranate Plants

Approximately 61% of the pomegranate plants sampled during the survey showed virus-like
symptoms such as chlorotic spots or rings either along the midribs or irregularly on the leaves as
well as oak-leaf pattern discolorations similar to the two HTS analyzed samples (PS1, PS4) (Figure 1).
No symptoms were observed on flowers or fruits.

Figure 1. Chlorotic rings, vein chlorosis and oak-leaf on pomegranate leaves used for high throughput
sequencing (HTS) analysis and field survey. (A): HTS analyzed sample (PS1) showing oak leaf
symptoms, (B): HTS analyzed sample (PS4) showing chlorotic rings, (C,D): Samples showing chlorotic

rings along the midribs and collected during field surveys of pomegranate plantations.
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3.2. Transmission Electron Microscope (TEM) Analysis

Consistent with viruses from the family Potyviridae, electron microscopy revealed the presence of
only flexuous filamentous viral particles, 760 to 780 nm long in purified virus preparations obtained
from leaves of HTS analyzed samples PS1 and PS4 (Figure 2).

() (b)

Figure 2. Electron micrographs captured from HTS analyzed pomegranate samples, using Tecnai
Spirit BioTWIN transmission electron microscope. (A):PS1, (B):PS4. The scale equals 100 nm for
(A) and 200 nm for (B).

3.3. Virus Identification by High-Throughput Sequencing

Two HTS libraries were prepared, corresponding to samples PS1 and PS4. The raw number
of reads obtained from these libraries were respectively 13,611,066 and 20,918,456 reads which
resulted in the assembly of respectively 3690 and 6078 contigs longer than 200 nucleotides (Table S1).
BLASTn analysis using the GenBank nr-nt database identified viral contigs with strong identity levels
with passiflora edulis symptomless virus (PeSV), a recently proposed new member of the family
Potiviridae, genus Roymovirus identified in Israel from passionfruit [17]. Complementary analysis
using BLASTx revealed also the presence of sequences related to the RdRp (MN532630; MN532627)
of Plasmopara viticola lesion associated ourmia-like virus and RdRp (MN386961) of apple ourmia-like
virus 1. These homologies had not been detected using BLASTn.

Further analysis allowed the reconstruction of the near-full genome of five PeSV variants from
the PS1 (PS1-1, PS1-2, PS1-3, PS1-4 and PS1-5) sample and of one variant from the PS4 sample
(PS4-1). These variants shared 77.9-86.2% nucleotide identity with each other while having 78.0-86.8%
nucleotide identity with PeSV-Rehovot from passion fruit (MH379332). All sequences have been
deposited in GenBank (see Table S2 for accession numbers).

A screening by BLAST of all publicly available GenBank SRA pomegranate RNA-Seq
transcriptomic data revealed the presence of PeSV in a total of seven SRAs from China and eight SRAs
from India. Four datasets were selected on the basis of apparent differences in homology with the PeSV
passiflora isolate, downloaded and assembled using CLC GWB. Contigs were then screened by BLASTn
against the passionfruit isolate of PeSV. In each case, one or more contigs with homology to PeSV were
identified. In total, from the four datasets, eight contigs were thus obtained, covering at least the CP
region (one from SRX2735580 (Zhengzhou Fruit Research Institute, China), three from SRX2735578
(Zhengzhou Fruit Research Institute, China), one from SRX2583192 (Anhui Academy of Agricultural
Sciences, China) and three from SRX 2503675 (Indian Council of Agricultural Research, India). One of
the contigs, from the SRX2583192 dataset, is a near-complete genome, missing only 29 nt at the 5" end
and 18 nt at the 3’ end. Out of the 81.055.700 reads of this particular dataset, the near-complete genome
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contig assembles 5665 reads (0.01% of total reads). The near-complete genome and the seven partial
ones showed 77.8-78.6% and 76.7-88.1% nucleotide identity with PeSV-Rehovot and the PeSV HTS
contigs, respectively.

3.4. Characterization of PeSV Genome Isolated from Pomegranate

The genome organization of the pomegranate isolate from the PS1 sample (PS1-5) which had
the highest identity with PeSV-Rehovot isolate is presented in Figure 3. The complete sequence of
the genome is 9938 nucleotides long, including the polyA tail. This genome encodes a polyprotein
of 3174 amino acids which is later cleaved into ten functional proteins. The encoded polyprotein
lacks known aphid transmission motifs in its HC-Pro and CP domains but possesses a C-2x-C motif
putatively involved in eriophyid transmission in its HC-Pro [17].

PS1.5_isolate

polyprotein CDS
Cl peptide i [ o NIb peptide
6K1 peptide 6K2 peptide  Nla-VPg peptide  Nla-Pro peptide

Figure 3. Genomic map of the passiflora edulis symptomless virus (PeSV)-PS1-5 variant.

The PeSV-PS1-5 genome shares an overall 86.8% nucleotide identity with that of PeSV-Rehovot.
Among the various genes, the highest nucleotide identity is observed in the 6K1 gene (94.4%) while the
lowest is observed in the HC-Pro gene (77.2%) (Table 1). The polyprotein of these two isolates shares
97.4% amino acid (aa) identity. The deduced amino acid sequences of their 6K1 and VPg proteins are
identical, while the other proteins share 92.6-99.6% aa identity. The 5'-UTR and 3’-UTR of these isolates
share 72.7 and 89.4% identity, respectively. The comparison of the various predicted polyprotein
cleavage sites shows only a difference for the P1/HC-Pro cleavage site, which is EVYY433/G for
PeSV-PS1-5 instead of EVYY433/S in PeSV-Rehovot.

Table 1. Length and pairwise identities between the various genes/proteins of PeSV-PG1-TR as
compared to PeSV-Rehovot.

Genomic Region Length (aa) l;::;f:g‘:,g:ﬁzs/iﬁ Pr;;:;zg\(;—l;g‘{;ge aa Identity (%) nt Identity (%)
5" UTR - - - - 72.7
P1 433 EVYY433/s EVYY433/G 92.6 81
HC-Pro 463 YQVG896/G YQVG896/G 94 772
P3 266 VEFQ1162/S VEFQ1162/S 97 84.6
6K1 54 VVFE1216/A VVFE1216/A 100 94.4
CI 640 VLFE1856/G VLFE1856/G 99.2 90.5
6K2 62 VDFE1918/G VDFE1918/G 98.4 92.5
VPg 186 VQFE2104/S VQFE2104/S 100 91
Nla-Pro 237 VTFQ2341/N VTFQ2341/N 99.6 90.4
NIb 504 VEFQ2845/M VEFQ2845/M 98.8 90
CpP 328 - - 99.4 92.3
3UTR - - - - 89.4

3.5. Phylogenetic Analysis

A phylogenentic analysis was performed using complete genome sequences of representative
members of the various genera in the Potyviridae family: potato virus Y (PVY; Potyvirus), ryegrass mosaic
virus (RyMV; Rymovirus), wheat streak mosaic virus (WSMYV; Tritimovirus), barley yellow mosaic
virus (BaYMV; Bymovirus), sweet potato mild mottle virus (SPMMYV; Ipomovirus), blackberry virus
Y (BVY; Brambyvirus), triticum mosaic virus (TriMV; Poacevirus), rose yellow mosaic virus
(RoYMV: Roymovirus), bellflower veinal mottle virus (BVMoV; Bevemovirus), artichoke latent
virus (ArLV; Macluravirus), celery latent virus (CeLV; Celavirus), areca palm necrotic ringspot virus
(ANRSV; Arepavirus).

The phylogenetic analysis unambiguously showed that all PeSV pomegranate variants were
grouped with the reference PeSV isolate from passionfruit. A robust bootstrap value supports the
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claim that PeSV belongs to the genus Roymovirus (Figure 4). A phylogenetic analysis using the viral
polyprotein sequences resulted in a similar topology (data not shown).

100 MH379332 PeSV- Rehovot
PS1.5 - Turkey
PS1.4 - Turkey
PS4.1 -Turkey
8l ps1.2 - Turkey
- PS1.1 -Turkey
I% PS1.3 - Turkey
100 SRX2583192 CT1246 China
SRX2503675 CT5704 India
NC 019031 Roymovirus
NC 008558 Brambyvirus
100 pr NC 001814 Rymovirus
TI: NC 001616 Potyvirus
NC 003797 Ipomovirus

—mo|— NC 001886 Tritimovirus

MH932227 Celavirus

99

93

100 NC 026759 Macluravirus
100 —I: NC 002990 Bymovirus
94 NC 039002 Bevemovirus
41oo|:MH395371 Arepavirus

NC 012799 Poacevirus

Figure 4. Phylogenetic analysis of PeSV isolates using complete genomes of representatives of
Potyviridae by the Maximum Likelihood method and distances computed using the General Time
Reversible model using gamma distribution with invariable sites (GTR+G+I). Bootstrap analysis
(100 replicates) was used to evaluate branch validity and only bootstrap values higher than 70% are
shown. The scale shows the number of substitutions per site.

3.6. PeSV Detection by RT-PCR

Two primer sets targeting the Nla-Pro and CP genes were designed based on the HTS-recovered
PeSV genome sequences in order to evaluate the presence of PeSV in pomegranate by RT-PCR. The two
primer pairs were validated using the HTS samples as positive controls. Among 133 pomegranate
samples collected from the Eastern Mediterranean region of Turkey, the presence of PeSV was confirmed
in 37 cultivated pomegranates and in one ornamental pomegranate. Among these PeSV-positive
samples, all cultivated pomegranates exhibited leaf symptoms of variable severity but no symptoms
were observed on the ornamental pomegranate, irrespective of its infection status. Besides the
37 symptomatic and PCR-positive cultivated pomegranates, another 45 showed virus-like symptoms
but did not show positive PeSV RT-PCR amplification. PeSV was similarly not detected in any
of the symptomless cultivated pomegranates assayed. The negative PCR results obtained with
the symptomatic pomegranate samples might reflect the presence of other pathogenic agents or,
alternatively, the too-narrow inclusiveness of the two detection primer pairs used and their failure to
amplify some PeSV isolates.
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From the tested samples, 24 CP (MT271616-MT271639) and 38 Nla-Pro (MT271640-MT271677)
partial sequences were obtained and submitted to GenBank (Table S2). The partial CP nucleotide
sequences shared 90.2-98.6% pairwise identity while they shared 90.3-93.7% nt identity with
PeSV-Rehovot (Table S3). The pairwise nt identity for the partial NIa-Pro sequences ranged from 77.5%
to 84.1% while they shared a 78.3-93.8% identity with PeSV-Rehovot (Table S4). Phylogenetic analysis
using nucleotide sequences of the partial CP (Figure 5a) and Nla-Pro (Figure 5b) regions showed a
limited diversity of the amplified isolates for the CP region, with all detected variants closely related to
the PS1-5 variant while a higher diversity was observed for the Nla-Pro region, lending support to the
hypothesis that the NIa-Pro primer pair might have higher inclusiveness than the CP one.

1HI70332 Pe3V-REHOVST

253
o PSS

o 265
— N SRX2563182

w6 z2
I I

223

1o
T PS13

SRX2503675 2
PS12
SRX2503875
m SRX2735578 2

(@) (b)

Figure 5. Phylogenetic trees of PeSV isolates based on partial nucleotide sequences of CP (a) and Nla-pro
(b). The trees were reconstructed using the Maximum Likelihood method (K2+G+I for CP and
TN93+G+I for Nla-pro) and bootstrap values (100 replicates) greater than 70 are shown next to

SRX2735578

the branches.

4. Discussion

In this study, potyvirus-like particles were observed in symptomatic pomegranate plants using
electron microscopy. Potyviridae family virions are flexuous filaments and usually are 680-900nm long
and 11-20 nm wide, with helical symmetry and a pitch of about 3.4 nm [18]. Flexuous filamentous
rods, ranging from 720 to 750 nm in length, were also observed for the rose yellow mosaic virus
(RoYMV) [25] which is most closely related to passiflora edulis symptomless virus [17].

HTS analysis of two symptomatic pomegranate trees was performed. Based on the results,
we report for the first time the presence of passiflora edulis symptomless virus (PeSV) in pomegranates.
The complete genome sequences of six PeSV pomegranate variants were determined by in silico
analyses and shown to share 78.0-86.8% nt identity with the PeSV-Rehovot genome obtained from
passionfruit. Further analyses also allowed us to reconstruct the near-complete genome of PeSV
variants from SRA data from China and India. All identified pomegranate variants illustrated a high
level of variability for PeSV, as can be seen in the phylogenetic analyses.
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Based on the recovered complete genomes of PeSV variants, two RT-PCR primer pairs were
developed as detection primers for PeSV-pomegranate isolates. A survey in 133 pomegranate trees
from several provinces of Turkey was carried out and 28.6% of tested samples were found infected by
PeSV by using the Nla-Pro-specific primer pair. In parallel, 18.0% of samples tested positive using
the CP-specific primer pair, indicating this second assay to be less sensitive or of lower inclusiveness.
The hypothesis of lower inclusiveness of the CP primer pair is further reinforced by the reduced
diversity of the partial CP sequences recovered (Figure 5a), so that the Nla-Pro primers may be more
sensitive than the CP primers for the screening of PeSV in pomegranate plantations.

While PeSV was not detected from symptomless field cultivated pomegranate samples cv. Hicaz,
it was only detected from 45% of symptomatic samples (37/82). These results might reflect the
too-narrow inclusiveness of the PCR assay used, including the Nla-Pro one, or alternatively a lack of
correlation between PeSV infection and symptoms development. This could in turn reflect an inability
of PeVS to cause symptoms under some PeSV isolate/pomegranate genotype combinations (e.g., in the
ornamental plant) or the complete inability of PeSV to cause symptoms in this host. The observation
that PeSV was never detected in the tested symptomless cultivated field samples argues for, but does
not prove, a contribution of PeSV to the symptoms.

In order to investigate the possibility that some other unknown viruses may be involved in the
symptoms observed, PeSV unrelated contigs without any BLASTn hits were subjected to BLASTx
analysis. This revealed putative viral contigs resembling Plasmopara viticola lesion associated
ourmia-like virus and apple ourmia-like virus 1. Ourmiaviruses have tripartite genomes, with the
RdRp, movement protein, and coat protein encoded each on separate genome segments. Up to date,
three plant viruses are classified in the genus Ourmiavirus, ourmia melon virus, epirus cherry virus and
cassava virus C [26]. Recently, the RdRp-encoding segment was also identified for three ourmia-like
viruses from apple trees with proposed names apple ourmia-like virus 1, 2 and 3. It was, however,
not possible to decide whether the host of these viruses was apple or a fungus associated with the
analyzed apple samples [27]. Due to the very limited information on these new ourmia-like viruses,
it is not possible to conclude on a possible contribution of the detected ourmia-like viruses to the
symptoms observed on pomegranate.

Potyviruses are known to be aphid transmitted [28] and this transmission is mediated by
the conserved HC-Pro motifs. PeSV-pomegranate isolates lack known aphid transmission motifs
in its HC-Pro and CP but possess a C-2x-C motif putatively involved in eriophyid transmission.
The presence of this motif could suggest that PeSV pomegranate and passion fruit isolates could
possibly be transmitted by eriophyid mites, but this would have to be proven experimentally. Even with
the absence of aphid transmission domains in the PeSV proteins, the possibility of aphid transmission
should not be overlooked due to the high population of aphids observed on pomegranate trees in
early spring and morphologically identified as Aphis punicae (Passerini) (Caglayan, unpublished data).
In fact, a new soybean virus, named soybean yellow shoot virus (SoyYSV) belonging to the Potyviridae,
was recently shown to be transmitted by Myzus persicae and Aphis gossypii while lacking the HC-Pro
domain required for aphid transmission found in other potyviruses [29].

When all the data obtained from field observations, HTS and PCR studies are considered
together, no clear correlation between virus and symptoms was detected although all PeSV positive
samples were symptomatic. In parallel, we show here that, at least under some circumstances
(ornamental pomegranates), PeSV could cause asymptomatic infections. Further studies were clearly
needed to clarify the potential contribution of PeSV to the virus-like symptoms observed in pomegranate
and to better understand its transmission mechanism and epidemiology. Having detected its presence
in India and China also raises the question of its presence in other pomegranate growing countries.

5. Conclusions

We describe here a new host for passiflora edulis symptomless virus (PeSV) which has been
recently proposed as a new member of the family Potiviridae, genus Roymovirus, identified in Israel
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infecting passionfruit. The complete genome is 9938 nucleotides long, including the polyA tail,
shows the same organization and has the highest identity with the PeSV-passionfruit isolate. PeSV
occurrence was also identified from publicly available SRA pomegranate RNA-Seq transcriptomic
data from India and China. The presence of PeSV in pomegranate was further confirmed using
specific RT-PCR and the virus showed to be widespread in the main commercial pomegranate growing
regions of Turkey. There was, however, an only partial association between the presence of the virus
and symptoms. The genetic diversity of PeSV pomegranate isolates was very high, with evidence
for complex mixed infections of divergent variants, which could be of importance for detection and
certification programs. As proposed in recently a published framework, investigating the epidemiology
and pathogenicity of new emerging viruses like PeSV represents a priority to evaluate the risk PeSV
could pose to pomegranate production in Turkey and in other pomegranate-producing countries.

Supplementary Materials: The following are available online at http://www.mdpi.com/2073-4395/10/11/1821/s1,
Table S1: Numbers of raw reads, cleaned reads, assembled contigs, PeSV-related contigs and number of variants
identified for each of the two analyzed pomegranate samples. Table S2: Characteristics of the isolates and variants
used in this study. Table S3: Pairwise nucleotide sequence identity in the CP gene between PeSV isolates. Table S4:
Pairwise nucleotide sequence identity in the NIa-Pro gene between PeSV isolates.
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