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Abstract

Viruses, satellite viruses, viroids, virusoids, and satellite nucleic acids (herewith, referred
to collectively or in part as ‘viruses’) comprise the virosphere and are perhaps the most
diverse and abundant, yet still under-sampled, microbes on Earth. They are primarily
regarded as pathogens or parasites of their eukaryotic or prokaryotic hosts. In
agroecosystems, viruses are particularly well known for their devastating effects on crops,
and thus research on their diversity, biology, ecology, epidemiology, and evolution focuses
primarily on pathogenic viruses. In recent years, the availability of cost effective high-
throughput sequencing technologies (HTS), improved experimental approaches and
computational tools has gradually shifted virology towards non-targeted studies on virus
sequences in metagenomic data (i.e., viromics). In this doctoral research, we focused on
tomato (Solanum lycopersicum 1.) agroecosystems, including surrounding weeds, as a
model to demonstrate the use of HTS for uncovering portions of the vast virome diversity,
and to describe aspects of virus biology, epidemiology, and ecology. First, we gained a
strong foundation by conducting a meta-analysis on tomato viruses worldwide by searching
through the literature and databases. We found and curated 312 tomato-associated viruses,
and showed that this number was underestimated in previous publications, and is still
growing based on very recent reports. We showed that HTS accelerated the discovery and
post-discovery characterization of tomato viruses. We synthesized pertinent information
on economically important tomato viruses, and presented insights that HTS can bring
forth. We then used this informational foundation to efficiently investigate the viromes of
tomato and weeds in an agroecosystem setting. We detected and characterized the genomes
of 125 known and novel viruses in 293 tomato samples and 143 weed plant samples
(representing 59 different plant species). We did phylogenetic and diversity analyses to
classify the viruses in known taxa, and found that the vast majority of novel viruses were
detected in weeds. Ten viruses with probable wide host range were detected in both tomato
and weeds. We demonstrated an association between plant rhabdoviruses and their
taxonomically-related hosts, which provided hints to possible co-evolutionary relationships.
We further characterized and showed infectivity of a novel Tobamovirus species in host
plants from family Solanaceae. We determined the diversity of novel and previously
undetected tomato viruses wherein we observed high genome-wide diversity for populations
of two novel tomato viruses due to presence of two divergent lineages, while populations
of other known tomato viruses showed variable diversities. Lastly, we demonstrated that
HTS can be used to reveal previously undetected viruses circulating in crops, such as the
case of Ranunculus white mottle ophiovirus (RWMV). We showed variable diversity of
RWMYV isolates from several localities in Slovenia collected since 2017, which is also the
first time it was detected in tomato and pepper crops. Overall, our studies reported for the
first time four known viruses in Slovenia and discovered ten novel viruses associated with
tomato. We also report known or novel members of Albetovirus, Vitivirus, Picornaviridae,
and Lispiviridae for the first time in tomato. Our HT'S-based viromic studies and in-depth
analyses, revealed vast undiscovered portions of the virosphere of tomato agroecosystems,
predominantly present in weed plants, which has important implications in weed
management decisions. Finally, it is pertinent to further characterize these viruses to aid
in uncovering possible emergences and their influence on tomato health.
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Povzetek

Virusi, satelitni virusi, viroidi, virusoidi in satelitne nukleinske kisline (v tem odstavku
poenostavljeno imenovani virusi) sestavljajo virosfero in so verjetno najbolj raznoliki in
pogosti, a vendar premalo raziskani mikrobi na Zemlji. Najpogosteje jih obravnavamo kot
patogene mikrobe ali parazite njihovih evkariontskih ali prokariontskih gostiteljev. V
kmetijskih ekosistemih viruse poznamo zlasti zaradi njihovih uni¢ujocih ucinkov na
poljs¢ine, zato se veéina raziskav njihove raznolikosti, biologije, ekologije, epidemiologije in
evolucije osredoto¢a prav na patogene vrste. V zadnjih letih sta dostopnost tehnologij
visokozmogljivega sekvenciranja in napredek v pristopih analize podatkov povzrocila
premik raziskav v virologiji k bolj netarénim raziskavam virusnih zaporedij oziroma
viromov v metagenomskih setih podatkov. V predlozenem doktorskem delu smo se
osredotodili na kmetijske ekosisteme, v katerih gojijo paradiznik (Solanum lycopersicum
L.), vkljuujo¢ tudi plevelne rastline, ki smo jih uporabili kot model za odkrivanje Se
neznanih delezev viromov v takih sistemih s pomocjo visokozmogljivega sekvenciranja. Pri
tem smo opisali tudi dolocene vidike virusne biologije, epidemiologije in ekologije. V
zacetku smo z metaanalizo znanja o virusih paradiznika (na podlagi literature in baz
podatkov) pridobili pregled in temeljne podatke za nadaljnje raziskave. Pri tem smo nasli
vsaj 312 virusov, ki so bili povezani s paradiznikom, in pokazali, da je bilo ocenjeno stevilo
virusov na paradizniku v prej$njih objavah na to temo podcenjeno ter da Se vedno narasca.
Opazili smo, da je uporaba visokozmogljivega sekvenciranja pospesila odkrivanje virusov
paradiznika kot tudi nekaterih vidikov karakterizacije novo odkritih virusov. Pri tem smo
tudi povzeli pomembne informacije o ekonomsko najpomembnejsih virusih paradiznika in
predstavili pomen uporabe visokozmogljivega sekvenciranja pri raziskavah teh virusov. Na
osnovi pridobljenega znanja smo v drugem delu nacrtovali in izvedli viromsko analizo
paradiznika in plevelnih rastlin v kmetijskih ekosistemih. V 293 vzorcih paradiznika in 143
vzorcih plevelnih rastlin (vkljuéujo¢ 59 razliénih rastlinskih vrst) smo zaznali 125 znanih
in novih virusov ter okarakterizirali njihove genome. S pomocjo filogenetskih analiz in
poravnav genomskih zaporedij smo viruse uvrstili v obstojece taksone. Vec¢ino novih virusov
smo zaznali samo v plevelnih rastlinah. Deset virusov smo zaznali tako v vzorcih
paradiznika kot tudi v vzorcih plevelnih rastlin. Opazili smo povezave med skupino
rabdovirusov in skupino sorodnih gostiteljskih rastlin, kar nakazuje na moznost njihove
koevolucije. Bolj podrobno smo okarakterizirali tobamovirus trpotca 1 in dokazali njegovo
kuznost v rastlinah iz druzine razhudnikovk. Raziskali smo tudi raznolikosti virusov
zaznanih na paradizniku in pri tem opazili veliko raznolikost znotraj izolatov dveh novih,
prej Se nepoznanih, virusov paradiznika ter nizko do zmerno raznolikost znotraj izolatov
znanih vrst. Prikazali smo tudi uporabo visokozmogljivega sekvenciranja za odkrivanje
virusov, ki prej se niso bili zaznani v poljs¢inah, na primeru virusa bele lisavosti zlatice.
Opazili smo zmerno raznolikost med izolati tega virusa, vzoréenimi na vec¢ lokacijah v
Sloveniji od leta 2017 dalje. Pri tem smo virus prvi¢ zaznali na paradizniku in papriki.
Skupno smo v okviru raziskave prvi¢ porocali o Stirih znanih virusih in odkrili deset novih
virusov v paradizniku. Prav tako smo prvi¢ v paradizniku odkrili znane ali nove viruse iz
taksonov Albetovirus, Vitivirus, Picornaviridae in Lispiviridae. S tako celostno viromsko
raziskavo in inadaljnjimi analizami smo razkrili velik delez prej Se neznae raznolikosti
virosfere v izbranih kmetijskih ekosistemih. To nakazuje na pomen taksnih raziskav in klice
k nadaljnji karakterizaciji odkritih virusov, ki bo doprinesla k razumevanju njihove vloge
v ekosistemu in vpliva na zdravje paradiznika.
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Chapter 1

Introduction

1.1 The Impact of High-throughput Sequencing (HTS) on

the Discovery of Plant Viruses

Virology traces back its origins to the discovery of the first virus, the plant-infecting
tobacco mosaic virus, by Martinus Willem Beijerinck together with the seminal work by
Dmitry Tosifovich Ivanovsky around 120 years ago (Ivanovsky, 1892; Beijerinck, 1898,;
Creager et al., 1999; Lecoq, 2001). From this single virus, the understanding of virus
diversity has largely expanded, resulting in the formation of 15 orders of megataxonomy
(Gorbalenya et al., 2020), spanning six Realms of the virosphere delineated by the virus’
(or virus-like agents’) replicative nature (Koonin et al., 2021). As of March 2022, 10,434
viruses, viroids, and satellite viruses were recognized by the International Committee on
the Taxonomy of Viruses (ICTV) as indicated in their Master Species List (ICTV, 2022;
Lefkowitz et al., 2018). Beyond this number are thousands more viruses still awaiting
naming, characterization, and finally, ratification by the ICTV (Kuhn et al., 2019). This
includes the thousands of viruses discovered through metagenomic exploration of
invertebrates (Shi et al., 2016) and global ocean samples (Gregory et al., 2019; Zayed et
al., 2022). In addition to this, hundreds of thousands of viruses were discovered through in
silico exploration of global nucleotide sequencing datasets (Edgar et al., 2022; Lee et al.,
2022; Mifsud et al., 2022; Tisza et al., 2020). With the increasing use metagenomics based
on cost-effective high-throughput sequencing (HTS) (Bertran, 2022; NIH-NHGRI, 2021),
innovations in experimental approaches in virome studies (Call et al., 2021; S. E. Smith et
al., 2022; Y.-Z. Zhang et al., 2018), and the continuous improvement of various
computational methods (Pappas et al., 2021; Sharma et al., 2015), it is possible that in the
next decades, hundreds of thousands more viruses could be discovered, out of the estimated
several millions of species (Carroll et al., 2018; Geoghegan & Holmes, 2017).

Several HT'S-based virus explorations in plants were reported in recent years. The most
notable ones involved the sampling of crop plants or their wild relatives in extended
geographical scales, such as tomatoes (Solanum lycopersicum) from China (Xu et al., 2017)
and Brazil (de Nazaré Almeida dos Reis et al., 2020), and tomatoes and Solanum nigrum
from France (Ma et al., 2020); peas (Pisum sativum) from the UK (Fowkes et al., 2021)
and peas and surrounding plants from Germany (Gaafar et al., 2020); sweet potatoes
(Ipomoea batatas) from Barbados (Alleyne et al., 2019); papayas (Carica papaya) from
Mexico (Alcala-Brisenio et al., 2020); wild Solanum species from South Africa (Mahlanza
et al., 2022); various wild plants from France (Ma et al., 2019); and the pollen of various
wild plants from the USA (Fetters et al., 2022). These studies have contributed vast
information on the distribution, ecology, epidemiology, and previously unknown
phylogenetic relationships of new virus species. Additionally, out of the thousands of known
viruses, only 3,206 species were associated with plant hosts, based on the information from
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the One Thousand Plant Transcriptomes project (1KP) and the National Center for
Biotechnology Information (NCBI) GenBank database (Benson et al., 2015; Leebens-Mack
et al., 2019; Wu et al., 2022). Moreover, search for new viruses in NCBI’s Sequence Read
Archive (SRA) identified additional 11,001 putative new plant viruses globally from
nucleotide sequences of samples from different ecosystems (Edgar et al., 2022).
Furthermore, 104 new plant viruses were identified from the 1KP project (Mifsud et al.,
2022). Driven by HTS, plant virology has gradually shifted from a simple concept of
individual plant virus species, to the concept of ‘viromes’, or the collection of all viruses,
satellite viruses, viroids, and virus-like sequences in a metagenomic dataset from single or
pooled plant samples (Roossinck et al., 2015). Furthermore, with the vast amount of virus
genomic data and ecological and environmental metadata collected from these studies,
plant virology has transitioned from the traditional focus only on symptomatic virus
diseases, to the entire set of viruses present in a phytobiome or agroecosystem, regardless
of pathogenicity (Lefeuvre et al., 2019; Maclot et al., 2020; Sommers et al., 2021).

1.1.1 Discovery of numerous plant viruses using HTS and deciphering
previously unknown evolutionary relationships

Viruses are primarily studied using targeted detection techniques such as ELISA, PCR and
Sanger sequencing (Katsarou et al., 2019). These methods are widely used in molecular
plant pathology or virology laboratories, but the development of these methods requires a
priori information on viral nucleotide sequences or serological properties. Recently, the
study of the entire set of viral genomes from populations of viruses (i.e., viromes), became
possible due to the rapid decrease in HT'S costs (NIH-NHGRI, 2021), and the availability
of improved computational tools (Sharma et al., 2015; Villamor et al., 2019). These
advancements surpassed the challenges of targeted detection, and uncovered vast virus
diversity, discovered new species, revealed new phylogenetic relationships, thereby
expanding the known plant virus taxa. Early instances of the use of HTS for studying plant
viruses can be traced to more than a decade ago (Donaire et al., 2009; Kreuze et al., 2009;
Rwahnih et al., 2011). Nowadays, HTS is establishing its position as one of the preferred
approaches in plant virology research and diagnostics laboratories (Massart et al., 2019).

HTS-driven virus diversity and discovery studies in plants mainly focused on a single
plant or crop species (Villamor et al., 2019) or a set of species in a family in natural or
wild setting (Hasiéw-Jaroszewska et al., 2021). Early efforts that used HTS for plant virus
discovery investigated tomato samples and detected both known and a few novel viruses.
HTS was demonstrated to be a useful tool in recovering virus genomes in sweet potatoes
(Kreuze et al., 2009), and in various plant hosts (Donaire et al., 2009), differentiating
strains of pepino mosaic virus and discovering a novel potyvirus in tomato (R. Li et al.,
2012). Discovery of novel viruses also led to the establishment of novel species or family.
Recently, two new Potyviridae members discovered in Stylosanthes guianensis, were
suggested to be members of putative new genera within the family (Mendes De Souza et
al., 2021). Furthermore, several cile-like viruses were discovered in Solanum violifolium and
three species of Ligustrum from Brazil. These discoveries resolve phylogenetic relationships
between plant-infecting Kitaviridae species, thus determining Kitaviridae as a
monophyletic group and phylogenetically delineating its members from the related and
primarily animal-associated negeviruses (Ramos-Gonzdlez et al., 2022). This study
suggested the establishment of novel genera within the Kitaviridaee family, but this
warrants further characterization of its understudied members.

Most viruses, even multi-host ones, may have evolved and settled for a specialist or
host-selective lifestyle, (Malpica et al., 2006), due to inherent fitness trade-offs and
evolutionary constraints of a generalist lifestyle (Elena et al., 2009). Nevertheless, the
prevalence of both specialist (i.e., with narrow host range) and generalist (i.e., with wide
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host range) viruses in an ecosystem or habitat has not yet been exhaustively investigated.
Attempts to uncover plant viromes at the ecosystem level mainly focused on discovery,
and its epidemiological or ecological implications (Gaafar et al., 2020; Ma et al., 2020; Xu
et al., 2017). Knowing which virus species are present in an agroecosystem and to what
extent they influence the host fitness landscape, while factoring in influence of
environmental conditions, will greatly aid in the prediction of possible virus emergences
(McLeish et al., 2019).

Overall, HTS-based viromics and in silico exploration of databases have uncovered
phylogenetic or evolutionary relationships of numerous previously uncharacterized plant
viruses and viroids (Edgar et al., 2022; Lee et al., 2022; Mifsud et al., 2022; Neri et al.,
2022; Paez-Espino et al., 2016; Shi et al., 2016). However, viruses in the tropics and sub-
tropics (i.e., global South) remain under-explored, as demonstrated by the global
distribution of virus detections in SRA (Edgar et al., 2022). In the future, a globally
coordinated effort to explore viromes of plants, especially in these under-represented areas,
would greatly contribute to expanding knowledge on plant virus diversity, ecology,
epidemiology, and evolutionary relationships.

1.1.2 Establishing complex links between viruses, crop and non-crop
plants, vectors, and the environment using HTS

Post-discovery characterization of new viruses is a pertinent step towards understanding
their biological and ecological properties, which are important for assessing their potential
quarantine and economic importance (Hou et al., 2020; Massart et al., 2017). Aspects of
post-discovery characterization include, but are not limited to, gene and genome diversity,
infectivity and host range, and survey of the distribution at different geographical scales
(Massart et al., 2017). HT'S-based viromics, has facilitated the discovery and detection of
plant viruses in a broad geographical scale, leading to an expanded view of virus diversity,
host range, epidemiology and other ecological properties (Maclot et al., 2020). Specifically,
using vast data from HTS, viromes of weeds or volunteer plants, and alternative eukaryotic
hosts or vectors, and possible exchanges among those parts of an ecosystem, can be deduced
(Roossinck, 2015). HT'S-based virome studies of plants and nearby wild plant species that
can serve as reservoirs for viruses (Hanc¢insky et al., 2020; Hasiéw-Jaroszewska et al., 2021),
and environmental samples, such as water that might serve as transmission pathway of
still infective plant viruses (Bacnik et al., 2020), can also enhance our understanding of the
epidemiology and ecology of plant viruses.

Plant virus disease outbreaks are usually associated with the introduction of plants into
new environments, where plants can encounter indigenous viruses, or with the introduction
and/or rapid adaptation of a novel, mutated, or recombinant virus into a new geographical
region (Jones, 2021). These viruses could be brought by the introduction of their arthropod
vectors, weed or ornamental hosts to new regions, or through contaminated water, soil and
other environmental media (Jones, 2018). With the use of HT'S and bioinformatics tools,
it is now possible to trace the origins and evolution of emerging viruses causing disease
pandemics in crops, and contribute in predicting disease emergence (McLeish et al., 2020,
2021). It is likewise possible to monitor the diversity of weeds and wild plants in relation
to their cultivated relatives, which aids in predicting possible emergences (Alexander et al.,
2014; Garcia-Arenal & Zerbini, 2019).

A metagenomic survey of viruses in wild Solanum species from South Africa, revealed
that, despite the close proximity of their habitats, the major viruses of cultivated Solanum
plants were not prevalent in wild species, with the exception of potato virus Y (PVY)
(Mahlanza et al., 2022). However, several known viruses of other non-Solanaceae crop
plants were present in wild Solanum species, indicating their possible role as reservoirs for
crop-infecting viruses. The study also suggested that through future and constant
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encounter with cultivated solanaceous plants, these viruses could have breakthrough
infections and eventual emergence in crop plants. In France, the presence of PVY and
Solanum nigrum ilarvirus 1 (SnIV1) in cultivated tomato plants and wild Solanum nigrum
was demonstrated (Ma et al., 2020), indicating potential exchange of the two viruses in
the wild and cultivated compartments. The same study detected the presence of broad
bean wilt virus 1 (BBWV1) only in S. nigrum. A previous study demonstrated that it
could be mechanically transmitted to tomato (Carpino et al., 2019). An extensive HTS-
based exploration of viruses at the interface between cultivated and uncultivated
ecosystems revealed the influence of agriculture on the distribution of plant viruses across
wide areas in South Africa and France with similar climate profiles (Bernardo et al., 2018).
The study also discovered 94 putative novel viruses, suggesting a large diversity of viruses
in wild or weed plants that remains to be characterized. Overall, weed and wild plant
viruses represent a big gap in plant virus research. Estimates indicate that only a small
portion (17%) of described plant viruses are associated with weeds or wild plants (Wren et
al., 2006). Thus, exploration of their viromes, in conjunction with their cultivated relatives
will help close this gap.

Several known and novel plant viruses were also detected in an HTS-based exploration
of viromes of arthropods. A vast survey of viruses in arthropods from China detected 1,445
novel viruses, some of which are phylogenetically-related to known plant viruses (Shi et
al., 2016). Nevertheless, it is also possible that several of these viruses were wrongly
assigned to arthropod hosts because they can be present as contaminations or as part of
the arthropods’ diets. Studies on the viromes of honeybees (Apis mellifera) (Roberts,
Anderson, et al., 2018; Roberts, Ireland, et al., 2018), other wild pollinators (N. Li et al.,
2022), whiteflies (Bemesia tabaci) (Huang et al., 2021), and thrips species (Frankliniella
occidentalis and Thrips tabaci) (Chiapello et al., 2021) revealed the presence of plant
viruses such arthropods could transmit. These studies also revealed novel viruses that are
phylogenetically related to plant viruses and might be plant-infecting as well. In all these
cases, host assignation is difficult due to the tight associations between plant hosts, vectors,
and viruses. Nevertheless, these studies provided valuable insights into the possible
interconnectivity between plants, arthropods, and viruses. Using HTS, wastewater was also
explored as a possible transmission pathway of infective plant viruses in Slovenia (Bac¢nik
et al., 2020). This study detected several plant viruses that were not reported before in
Slovenia and indicated their possible distribution within the region. Another study on
papaya orchards in Mexico used HTS-based network analyses to assess links of viruses to
weeds, insects, and papaya, and provided valuable insights that aided in formulating virus
disease management strategies (Alcala-Brisefio et al., 2020).

Post-discovery characterization of these plant and arthropod viruses, followed by in-
depth and extensive studies of their links or exchanges with nearby cropping areas, could
potentially result to invaluable ecological and epidemiological information. Collectively,
establishing these plant-weed-vector-environment links will greatly aid in elucidating
holistic understanding of virus population dynamics in an agroecosystem, and guide future
studies, and disease management practices (Garrett et al., 2018; Shates et al., 2019).

1.2 Tomato Virome Studies and Research Gaps Addressed
by HTS

In global agriculture, the expanding connectivity of international trade and commerce has
driven the introduction and emergence of viruses and other pathogens in new geographical
areas (Jones, 2009, 2021; Xing et al., 2020). Additionally, due to the innate high mutation
rates and propensity for structural genomic changes in viruses, the emergence of more
virulent strains more possible than not (Elena et al., 2014). Changes in habitats such as
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ecosystem conversion and simplification, combined with the modulation of environmental
factors and warming climate, could highly influence the population dynamics of plant
viruses and their arthropod vectors (Fraile & Garcia-Arenal, 2016; Islam et al., 2020; Jones,
2016; Roossinck & Garcia-Arenal, 2015; Trebicki, 2020)). All these interplaying factors of
plant viruses, along plant pests and diseases, continuously threaten global food security,
especially in highly vulnerable areas where population density and food demand are high
(Ristaino et al., 2021).

Approximately half of the emerging crop diseases can be attributed to viruses (Anderson
et al., 2004), and their economic damages are estimated to be around a quarter of the
overall attainable yields in major crops, including tomato (Oerke, 2006). Global economic
losses caused by virus diseases in crops were roughly estimated, with costs ranging from 30
to 50 billion US dollars annually (Sastry, 2013). Tomato production, which is one of the
most economically valuable vegetables worldwide and has the highest volume of production
(FAO, 2021), is affected by numerous pathogens and among them, viruses are considered
an important limiting factor (Hanssen et al., 2010; Ong et al., 2020; Souiri et al., 2019).
Thus, it is becoming increasingly important that tomato virus diversity should be well-
studied, and routine monitoring and diagnostics should be done to limit possible emergence
and spread of virus diseases.

A comprehensive review of the existing knowledge on tomato virus diversity and their
characterization was published 12 years ago (Hanssen et al., 2010), and recent reviews have
focused only on selected aspects of tomato viruses, such as genomic diversity and in relation
to viruses of other plant species from family Solanaceae (Hancinsky et al., 2020; Ong et al.,
2020). Since then, HTS has significantly advanced tomato virus discovery, and is starting
to be a commonly used tool in studies on diversity, ecology and epidemiology. A survey of
over a hundred tomatoes showing virus disease-like symptoms from major tomato-growing
areas in China uncovered the prevalence of 22 viruses, a few of which were not reported
before in tomato, including one new rhabdovirus (Xu et al., 2017). In 2017-2018, a survey
of viruses in tomato and in surrounding S. nigrum from different locations in France,
unveiled the presence of PVY (Potyvirus) and SnlIV1 (llarvirus) between the two related
plants, between the wild and cultivated ecological zones, suggesting possible virus
exchanges (Ma et al., 2020). Using HTS, similar studies reported known and novel virus
species associated with individual tomato plants or a collection of tomato samples (de
Nazaré Almeida dos Reis et al., 2020; Fontenele et al., 2017; Rego-Machado et al., 2019;
Saqib et al., 2015). Findings from these studies have significantly contributed to the
characterization of the global tomato virome and presented several insights that an HTS-
based viromics survey can provide regarding the diversity, ecology and evolution of tomato
viruses. These findings can be used as a baseline for post-discovery characterizations of
viruses and their population dynamics, which could facilitate predicting virus emergences
and disease outbreaks.

1.3 Scientific Problems and Research Aims

With the increasing number of reports on the impacts and predicted risks of virus diseases
globally, whether in plants (Jones, 2021; Ristaino et al., 2021), humans or animals (Carlson
et al., 2022; Morens et al., 2020), there is indeed an urgent need to collect and synthesize
the current knowledge, and decipher the still less understood diversity of viruses across
habitats and ecosystems. Better awareness of the current global status of virus diseases
will help us to better prepare for future virus disease pandemics. The most recent
comprehensive review of tomato viruses is more than a decade old (Hanssen et al., 2010),
thus an update on the vast diversity of information regarding tomato viruses, including a
summary of their genomic, biological and ecological properties, is needed. Moreover, the
impact of HTS on the discovery of tomato viruses and their subsequent characterization



6 Chapter 1. Introduction

has not yet been assessed in any literature. A meta-analysis of the current body of
knowledge on tomato viruses is needed and should be made accessible to plant virologists,
plant protection officers, and students worldwide.

Moreover, to date, no study has used an HT'S-based viromics approach to simultaneously
uncover the diversity and distribution of viruses and other virus-like agents, in tomato and
the diverse set of weeds within or surrounding tomato-growing areas. Furthermore, no
study on a nation-wide scale has been done in Slovenia, nor with any symptomatic and
asymptomatic crops in association with diverse weed plants surrounding or within the crop-
growing areas. The vast quantities of virome datasets that will be gained from such studies
will help deduce diverse virus genome organizations, genetic and genome-wide population
diversity, phylogenetic relationships and possible co-evolutionary links between certain
groups of viruses with their host. Overall, these information contribute invaluable insights
on plant viruses at the ecosystem level, specifically, their diversity and dynamics at the
wild-cultivated agroecological interface, a known zone for disease spill-overs (Alexander et
al., 2014; Elena et al., 2014). Such virome datasets could also serve as baseline information
that will aid in future tomato virus disease monitoring, thus contributing to the prevention
future virus epidemics in tomato in the region.

This doctoral research focuses on virus diversity associated with crops and surrounding
flora in an agroecosystem. With the use of HTS, uncovering the diversity and monitoring
virus evolution through extended time and space became easily implementable. Thus, in
this research, we focused on tomato agroecosystems, on a nation-wide scale, as a model to
demonstrate the use of HTS in addressing the above-mentioned knowledge gaps in plant
virology. We sought to achieve the following general and specific aims:

1. To assess the current body of knowledge on tomato viruses and how HTS influenced
their discovery and characterization. Specifically:

a. to comprehensively collect all the information on viruses reported to infect or be
associated with tomato, and highlight the economically important viruses,

b. to assess how HTS influenced the rate of tomato virus discovery in the past decade
(2010-2020) and how it provided insights into the epidemiology and ecology of
viruses, and

c. to evaluate the extent of follow-up characterization studies (i.e., based on genetic,
biological or ecological properties) implemented on newly discovered tomato
viruses, based on a published characterization framework and criteria.

2. To uncover the diversity of known and novel viruses, satellite RNAs, and viroid-like
sequences in tomato, and weeds within or surrounding selected tomato growing areas.
Specifically:

a. to obtain metagenomes from tomato and weed plants, and assemble, identify, and
characterize genomes of known and novel viruses from these metagenomes,

b. to distinguish viruses as novel or known based on demarcation criteria set by the
ICTV, and

c. to identify viroid-like circular RNAs from tomato and weed plant metagenomes.

3. To examine phylogenetic relationships and host associations of selected virus groups,
genera, or families, identified in tomatoes and weeds. Specifically:

to identify specific host(s) of selected known and novel viruses,

b. to decipher overlap of virus presence in weeds and tomatoes,

c. to determine placement of novel viruses within known virus taxa, and

d. to determine associations of phylogenetically-related viruses with their
taxonomically-related plant hosts.

®

4. To characterize properties of novel viruses. Specifically:
a. to examine the virion morphology of a novel virus, and
b. to determine the mechanical transmissibility, and infectivity of a novel virus in
selected plant hosts.
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5. To determine the distribution and genetic and genome-wide diversity of selected
viruses. Specifically:
a. to determine the distribution of previously undetected viruses possibly circulating
in tomatoes or other crops, and
b. to determine the genetic and genome-wide diversity of previously undetected and
predominantly detected viruses in tomatoes.

1.4 Research Hypotheses

In this doctoral research, we hypothesized that:

1. the number of tomato viruses is probably underestimated and represents one of the
largest numbers of distinct viruses associated with a plant species,

2. there is still a vast undiscovered diversity of viruses, especially novel virus species, in
tomatoes and various species of weed plants in tomato agroecosystems,

3. there are overlaps in the presence of viruses in tomato and weed plants within or
surrounding tomato-farming areas,

4. certain groups of evolutionarily-related viruses are associated with specific groups of
taxonomically-related plant hosts, marking virus/host long-term co-evolution,

5. a known or novel virus from a family with a known wide host range found in weed
plant(s) will be able to infect plants from a botanical family different from the original
weed host, and

6. there are previously undetected viruses are already circulating in tomato and other
economically-important crops and can be uncovered using HTS data across years of
collection and from different locations.

1.5 Publications Included and Candidate’s Contribution

The first publication, “Global Advances in Tomato Virome Research: Current Status and
the Impact of High-Throughput Sequencing”, was published in Frontiers in Microbiology
vol. 12 (2021), doi: 10.3389/fmich.2021.671925. This review and meta-analyses is the most
comprehensive and systematic review of all tomato viruses so far. It highlights tomato virus
studies from the most recent decade (2011-2020), and evaluates how HTS has impacted
the discovery of tomato viruses and how it can contribute to their further characterization,
according to a published characterization framework and criteria (Hou et al., 2020; Massart
et al.,, 2017). It also provides a comprehensive and detailed summary of the current
widespread, emergent and economically important viruses of tomato, which will be a useful
reference for researchers, students, and private companies that are interested in studying
viruses of tomato. In this study, we addressed the first aim (see Section 1.3) and first
hypothesis of this dissertation (see Section 1.4). The doctoral candidate contributed to the
conceptualization the research topic. He did the data mining and analyses, wrote the first
draft of the manuscript, and contributed to editing the final version of the published
manuscript.

The second publication “In-depth study of tomato and weed viromes reveals
undiscovered plant virus diversity in an agroecosystem”, is a submitted article available as
a preprint in bioRxiv doi: 10.1101/2022.06.30.498278, and its supplementary materials are
available at Figshare doi: 10.6084/m9.figshare.20200769. This research. to date, comprises
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the largest concurrent virome survey of tomato and diverse species of weed in Slovenia,
and worldwide. It has discovered a considerable number of novel viruses, for which it has
provided in-depth characterization of their genomes, phylogenetic relationships with known
taxa, biology, and links to plant hosts. Collectively, this study helped to illuminate the
vast unknown diversity of viruses in tomato agroecosystems, at least in Slovenia, which
could serve as baseline for further biological studies and further virus monitoring in the
region. In this study, we addressed the second to fourth aims, a part of the fifth aim (see
Section 1.3), and second to fifth hypotheses of this dissertation (see Section 1.4). The
doctoral candidate contributed to the formulation and design of the study. He did the
laboratory and greenhouse work, analyzed the data, wrote the first draft of the manuscript,
and contributed to editing the final version of the manuscript.

The third publication, “First report of Ranunculus white mottle ophiovirus in Slovenia
in pepper with yellow leaf curling symptom and in tomato”, was published in Plant Disease
vol. 106, no. 7 (2022), doi: 10.1094/PDIS-08-21-1624-PDN. This research demonstrated the
use of HT'S to identify a previously undetected virus in crops that might be circulating and
contributing to losses or emerging and expanding its geographical distribution. This paper
addressed a part of the fifth aim (see Section 1.3) and the sixth hypothesis of this
dissertation (see Section 1.4). The doctoral candidate contributed to the formulation and
design of the study and to the laboratory work, analyzed the data, wrote the first draft of
the manuscript, and contributed to editing the final version of the manuscript.
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Sequencing

Mark Paul Selda Rivarez'2, Ana Vucurovic'?, Natasa Mehle’, Maja Ravnikar'# and
Denis Kutnjak™

" Department of Biotechnology and Systems Biology, National Institute of Biology, Ljubljana, Slovenia,  JozZef Stefan
International Postgraduate School, Ljubljana, Slovenia, ° Faculty of Agriculture, University of Belgrade, Belgrade, Serbia,
* School for Viticulture and Enology, University of Nova Gorica, Nova Gorica, Slovenia

Viruses cause a big fraction of economically important diseases in major crops, including
tomato. In the past decade (2011-2020), many emerging or re-emerging tomato-
infecting viruses were reported worldwide. In this period, 45 novel viral species were
identified in tomato, 14 of which were discovered using high-throughput sequencing
(HTS). In this review, we first discuss the role of HTS in these discoveries and its
general impact on tomato virome research. We observed that the rate of tomato virus
discovery is accelerating in the past few years due to the use of HTS. However,
the extent of the post-discovery characterization of viruses is lagging behind and is
greater for economically devastating viruses, such as the recently emerged tomato
brown rugose fruit virus. Moreover, many known viruses still cause significant economic
damages to tomato production. The review of databases and literature revealed at least
312 virus, satellite virus, or viroid species (in 22 families and 39 genera) associated
with tomato, which is likely the highest number recorded for any plant. Among
those, here, we summarize the current knowledge on the biology, global distribution,
and epidemiology of the most important species. Increasing knowledge on tomato
virome and employment of HTS to also study viromes of surrounding wild plants and
environmental samples are bringing new insights into the understanding of epidemiclogy
and ecology of tomato-infecting viruses and can, in the future, facilitate virus disease
forecasting and prevention of virus disease outbreaks in tomato.

Keywords: tomato, virome, high-throughput sequencing, metagenomics, virus diversity, virus discovery, virus
ecology, virus epidemiology

INTRODUCTION

Tomato (Solanum lycopersicum L.) is one of the most economically valuable fruit or vegetable crops
worldwide, valued at 93.9 billion US dollars in 2018, with yield estimated at 180.8 million tons in
2019 (FAOSTAT, 2020). Tomato production is affected by numerous diseases and, among them,
viruses are considered an important production-limiting factor (Hanssen et al., 2010b; Souiri et al.,
2019; Hancinsky et al., 2020; Ong et al., 2020). It was estimated that almost half of the emerging
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crop diseases can be attributed to plant viruses (Anderson et al.,
2004), which could amount up to around a quarter of the overall
attainable yields in major crops, including tomato (Oerke, 2006).
Worldwide economic damages caused by viruses in crops are
difficult to estimate; however, rough approximations indicate
yield losses range from 30 to 50 billion US dollars annually
(Sastry, 2013). Yield and economic losses due to virus diseases in
tomato vary greatly and are often dependent on the virus species
and growing region.

Until a decade ago, viruses were mostly analyzed using
targeted detection techniques such as ELISA, PCR, and Sanger
sequencing (Katsarou et al, 2019). These methods are widely
available in molecular biology labs, but they require a priori
information on viral genomes or serological properties of viral
species that might be present in a sample. The study of a whole
community of viruses (i.e., viromes), including unknown ones,
became possible due to the rapid decrease in high-throughput
sequencing (HTS) costs (NIH-NHGRI, 2019) and the availability
of the improved data analysis tools (Villamor et al., 2019). This
circumvented challenges of targeted detection of plant viruses
and contributed useful ecological and epidemiological insights.
First examples of the use of HTS for detection of plant viruses
are now over a decade old (Adams et al., 2009a; Al Rwahnih
et al., 2009; Donaire et al., 2009; Kreuze et al., 2009). Currently,
HTS is used for discovery of many novel viruses and is now
establishing its position as one of the classical approaches in
plant virology research and diagnostics laboratories (Massart
et al,, 2019). HTS is often employed with one of the possible
nucleic acid preparation approaches, such as sequencing of
double-stranded (ds)RNA, small (s)RNAs, total (tot)DNA after
rolling circle amplification, virion-associated RNA (VANA), and
total (tot)RNA after ribosomal (r)RNA depletion (Pecman et al.,
2017; Ma et al, 2019; de Nazaré Almeida dos Reis et al,
2020; Gaafar and Ziebell, 2020). Each method has its pros and
cons (Roossinck, 2017) and should be selected according to the
aims of the study; e.g., sequencing rRNA depleted totRNA or
sRNA might be the most straightforward and generic approaches
for detection of a wide range of viruses in single samples or
relatively small sample pools (Pecman et al., 2017). On the other
hand, dsRNA or VANA might be beneficial, when trying to
enrich for viruses in, e.g., large pools of starting plant material
(Ma et al., 2019).

Both classical (Sanger) sequencing and HTS are regularly
used for discovery of new viruses in tomato; however, the usage
of the latter is evidently increasing in the past few years. In
the first part of this review, we discuss the discovery of 45
novel virus species in tomato within the 2011-2020 period and
contextualize the role of HTS in these findings. Moreover, a post-
discovery characterization of new viruses represents an important
step toward understanding their biological and/or economical
relevance (Massart et al., 2017; Hou et al., 2020); thus, we also
systematically reviewed to which extent such characterization
have been performed for newly discovered viruses associated with
tomato. Beyond discovering and detecting viruses in tomato,
HTS can enable a broader look into the virome of tomato on
a defined geographical scale, a virome of surrounding plants
and vectors, and possible exchanges among those communities.

Frontiers in Microbiology | www.frontiersin.org

HTS-based virome studies of tomato and surrounding wild plant
species (which can serve as reservoirs for viruses) (Hancinsky
et al.,, 2020; Ma et al., 2020), and environmental samples, such as
water (which might serve as transmission pathway) (Bacnik et al.,
2020), can also bring important insights into the understanding
of the epidemiology of some tomato viruses.

Review of the past and recent discoveries of viruses in
tomato shows that tomato is currently associated with at least
312 different viral species, which is likely, according to our
knowledge, the largest recorded number known for any cultivated
plant. Among those, many known and several recently discovered
viruses cause significant economic damage in tomato production
in different parts of the world. In the second part of this review,
we focus on important tomato viruses, which caused significant
economic losses in tomato production in the past decade and new
virus discoveries in tomato, for which limited or no knowledge
about potential impact on tomato health is available.

HTS HAS BECOME AN IMPORTANT
TOOL IN TOMATO VIRUS DISCOVERY
AND EPIDEMIOLOGY STUDIES

Forty-five novel virus species were discovered in tomato in
the recent decade (2011-2020) (Table 1). Majority of these
discoveries were made in Neotropic and Palearctic countries
and just in recent years (Figure 1). Out of this set, 14 were
discovered using HTS, and in 2020 alone, seven novel species
were discovered just by three HTS-based studies (Ciuffo et al.,
2020; de Nazaré Almeida dos Reis et al., 2020; Ma et al., 2020). In
this period, also four viral families were associated with tomato
for the first time, in four HTS-based studies, i.e., Iflaviridae
(Saqib et al., 2015), Phenuiviridae (Lecoq et al., 2019), Kitaviridae
(Ciuffo et al., 2020), and Genomoviridae (de Nazaré Almeida
dos Reis et al.,, 2020). Specifically, more than half of the RNA
viruses were discovered using HTS (7/13), while most of the
DNA viruses (including satellite virus species) were discovered
using a non-HTS approach (24/32). Overall, non-HTS-based
discovery approaches remain widely used for targeted, single
species plant virus discoveries, while HTS has become a tool
to discover multiple species, without a priori knowledge about
possibly present viruses. In this section, the impact of HTS as an
important tool in tomato viromics is further contextualized, from
the discovery of viruses in individual plants, through the post-
discovery characterization of new viruses, to the holistic analysis
of plant viromes in agroecosystems.

Discovery and Generic Detection of
Viruses in Tomato Using HTS

Fourteen new tomato viruses or virus satellites were detected
using HTS in recent years (Table 1). As an example, HTS was
used to characterize the diversity of viruses and viroids in tomato-
growing areas of Mexico, where a novel tobamovirus, tomato
mild mottle virus (ToMMV), and a novel potyvirus, tomato
necrotic stunt virus (ToNStV), were discovered (Li et al., 2012,
2013). In the extensive study of the diversity of tomato viruses
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in China, a novel cytorhabdovirus, named tomato yellow mottle-
associated virus (TYMaV), was discovered (Xu et al., 2017). In
France, a novel ilarvirus was found in tomatoes and Solanum
nigrum, named Solanum nigrum ilarvirus 1 (SnIV1) (Ma et al.,
2020). Three begomoviruses, a gemycircularvirus, and a new
alpha satellite were discovered by HTS in tomatoes in Brazil
(de Nazaré Almeida dos Reis et al., 2020). A novel begomovirus
named tomato-associated geminivirus 1 (TaGV1) was discovered
using HTS in Brazil and was suggested as a member of a putative
new genus closely related to Capulavirus (Fontenele et al., 2017).
In Italy and Australia, a new blunervirus (Kitaviridae), named
tomato fruit blotch virus (ToFBV), was discovered by HTS
(Ciuffo et al., 2020). Tomato matilda virus (TMaV) (Iflaviridae),

first detected in Australia using HTS (Saqib et al, 2015), was
also detected in tomatoes grown in Italy, based on sequences
deposited in GenBank (accession number MK517476) (Table 1
and Figure 1). The infectivity of ToFBV and TMaV in tomato,
other biological characteristics, and their impact on tomato yield
are not yet known.

Aside from discovery of new viruses, HTS was also used to
detect known viruses for the first time in tomato. In China, six
known viruses, namely, potato virus A, tobacco vein banding
mosaic virus (Potyviridae), potato virus H, potato virus S, potato
virus M (Betaflexiviridae), and turnip yellows virus (Luteoviridae)
were reported for the first time in tomato (Xu et al, 2017).
In Germany, Physostegia chlorotic mottle virus (PhCMoV)

Frontiers in Microbiology | www.frontiersin.org
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was detected for the first time in tomato using HTS (Gaafar
et al, 2018), and in the United States, cherry rasp leaf virus
was detected (Bratsch et al., 2020) in tomato. In a survey of
tomato and pepper viruses in Vietnam, pepper chlorotic spot
orthotospovirus (Tospoviridae) and Lindernia anagallis yellow
vein virus (Geminiviridae) were associated with tomato for
the first time (Choi et al,, 2020). A known virus, discovered
in henbane in 1932 in England, called henbane mosaic virus
(HMV), but later on rarely detected, was found using HT'S for the
first time in tomatoes from Slovenia (Pecman et al., 2018). In the
same study, HT'S was also used to reconstruct complete genomic
sequences of the isolate from tomato and historic isolates from
virus collections, since only partial genomic sequence of the virus
was available before.

Post-discovery Characterization of New
Tomato Viruses

Even though HTS advanced our ability for generic detection
and discovery of novel viruses, it can only provide us with
genomic information of the virus. For a meaningful biological
characterization, classical virology tools are still very much
needed, which include plant bioassays (ie., infectivity and
transmission assays), electron microscopy, and targeted
diagnostics. Virus characterization is a time- and resource-
intensive task that often requires efforts from different
institutions, sometimes at an international scale. A framework
for biological characterization of viruses discovered by HTS was
proposed to facilitate this part of the research pipeline (Massart
et al.,, 2017). We used this framework to review how the 45 new
viruses discovered in tomato, both through HTS and through
other methods, were characterized. The same approach was
recently employed for fruit tree infecting viruses (Hou et al.,
2020), where fulfillment of 14 characterization categories were
reviewed. We analyzed 53 publications on novel tomato viruses
(41 reporting viruses for the first time and 12 follow-up studies)
from the 2011-2020 period contributing to characterization
of newly discovered viruses associated with tomato, reviewing
the fulfillment of 14 characterization categories (Figure 2A; for
details, see Supplementary Table 1).

Our review showed that, e.g., for majority (>60%) of the
HTS-based new virus discoveries, whole genome sequence was
determined, primers for detection of the virus with PCR were
designed, local survey of prevalence was done, and co-infection
with other viruses was checked (Figure 2A). Comparing HTS-
based and non-HTS-based virus discoveries, there were fewer
infectivity studies done on the original host and other natural or
indicator hosts for HTS-based discoveries compared to that of
non-HTS discoveries. Moreover, vector transmission was studied
in very few cases and possibility of latent infections has not
been studied for any of the newly discovered viruses. Practically,
completeness of virus characterization greatly depended on the
phytosanitary priority level of a virus. For tomato brown rugose
fruit virus (ToBRFV), which is an emerging virus with significant
economic importance, 13 of 14 characterization criteria were
fulfilled in less than 4 years after the discovery, included in
five publications after its first report. On the other hand,

Frontiers in Microbiology | www.frontiersin.org
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FIGURE 2 | Post-discovery characterization of new tomato-infecting viruses
according to the literature review. Percentages of newly discovered virus
species fulfilling each of the 14 characterization criteria are shown for viruses
discovered by HTS or other methods (A). Fulfillment of characterization criteria
plotted through the years elapsed since the first report is shown as a line plot
(B), wherein each line represents a single virus and the evolution of its
characterization; the lines corresponding to the emerging tomato brown
rugose fruit virus (ToBRFV), and the first two tomato viruses discovered
through HTS, tomato mottle mosaic virus (ToMMV) and tomato necrotic stunt
virus (ToNStV), are labeled
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ToNStV and ToMMYV, which were the first tomato-infecting
viruses discovered using small RNA sequencing, were more
extensively characterized after 7-8 years. Finally, many viruses
were not followed up at all after the initial discovery and first
publication (Figure 2B).

Looking Outside Tomato: Vectors,
Weeds, Water, and Epidemiological
Implications of HTS

Spatially, crop lands are always in conjunction with the wild or
urban ecosystems bound by an agroecological interface, which
is characterized by active biological interactions and exchange of
materials, including pests and pathogens (Alexander et al., 2014).
Nevertheless, it was just in the recent decade that plant virologists
started to explore more intensively the diversity of viruses in wild
ecosystems. Plant virus ecology and epidemiology include studies
on viruses infecting weeds and other wild plants (Malmstrom and
Alexander, 2016; Shates et al., 2019) as well as water as potential
channel for plant virus spread (Mehle and Ravnikar, 2012). In
this context, HTS is a well-suited tool, which allows generic
investigation of viromes in a diverse set of sample matrices, from
an array of different plant species to environmental samples, such
as water and soil.

Weeds and other wild plants could act as reservoirs from
which plant viruses can spill to crops, or vice versa (Malmstrom
and Alexander, 2016). The association of tomato viruses with
weeds also implies increased chances of survival for the
viruses because weeds have high reproductive rates and are
environmentally persistent (Cooper and Jones, 2006). These
findings imply importance of weeds in plant-virus pathosystems
and the importance of their inclusion in epidemiological
studies. A recent review of viruses infecting plants from
the Solanaceae family highlights the importance of studying
the virome of both wild and cultivated plants to fully
understand the plant virus impact on the agroecological
scale (Hancinsky et al, 2020). For tomato-infecting viruses,
several studies were done to elucidate the role of wild
plants as virus reservoirs, more specifically referred to in
Section “Emerging and endemic viruses and viroids causing
significant economic damages in tomato production in the past
decade.”

The first extensive tomato virome HTS-based study was
done in major tomato-growing areas in China (Xu et al,
2017), resulting in a lot of new knowledge about occurrence
of tomato viruses in the region and revealed several previously
unknown associations of known plant viruses with tomato. It
also suggested that some viruses originally associated with insect
hosts (Wuhan insect virus 4, 5, and 6) (Li et al., 2015) might
in fact be plant viruses, since they were found in tomato and
they cluster with other plant viruses in phylogenetic analysis
(Xu et al, 2017). This study did not look into virome of wild
plants growing nearby. On the other hand, a recent large-scale
virome study of tomato in France also included its wild relative,
S. nigrum or European black nightshade (Ma et al,, 2020). The
study suggested the likely exchange of some viruses between
tomato and S. nigrum; a newly discovered SnIV1 was found

Frontiers in Microbiclogy | www.frontiersin.org

in both species, as well as potato virus Y (PVY), for which
there was a strong evidence for a likely spillover from tomato
to S. nigrum. On the other hand, a possible biological and
ecological barrier was proposed for a spread of broad bean wilt
virus (known to be able to infect both hosts) from S. nigrum
to tomato, since high incidence and diversity of this virus was
observed in S. nigrum; however, the virus was not detected in
tomato in this study. Moreover, discovery of Euphorbia caput-
medusae latent virus by HTS in South Africa in wild plant
Euphorbia caput-medusae, which was shown to be infective in
tomato and Nicotiana benthamiana, led to the establishment
of a new genus, Capulavirus, in the family Geminiviridae
(Bernardo et al., 2013).

Even prior to the application of HTS-based methods for
detection of plant viruses, several studies detected plant viruses
outside of the host, in environmental samples, such as water
(Mehle and Ravnikar, 2012) and in soil (Fillhart et al., 1998).
Several plant viruses are stable in the environment and can
survive long periods of time outside the host (Mehle et al.,
2018). Water can serve as virus transmission channel that have
the potential to create new infection foci and to spread viruses
in a wide range of host species and at long distances (Jones,
2018). HTS-based virome studies of different environmental
waters all over the world reported the presence of plant virus
nucleic acids in various types of samples. With the use of
HTS, viruses in wastewater, irrigation water, and potable water
can be monitored in extended areas over a regular period
of time, which can provide a useful info for predicting or
following disease outbreaks (Mehle et al, 2018). A recent
virome study focusing on plant viruses in wastewater in Slovenia
gave insights into diverse economically important plant viruses
that might be circulating in the area. Wastewater treatment
plant influents and effluents contained nucleic acids of at least
47 viruses, both previously known and also unknown to be
present in the region. Tobamoviruses were highly represented
in the samples, and for three of them, all of which can infect
tomato [pepper mild mottle virus, tobacco mild green mosaic
virus and tomato mosaic virus (ToMV)], the infectivity was
confirmed (Bacnik et al., 2020). Alongside other detected plant
viruses, nucleic acids of ToBRFV, which is currently one of
the major threats in tomato production worldwide, were also
detected in this study; however, ToOBRFV was still not detected
in the plants in the area. Moreover, pollinators, specifically
honeybees (Apis mellifera), were studied as possible effective
ecological “samplers” of plant viruses. HTS was employed in a
recent study of honeybee-assisted surveillance in Australia to
investigate the presence of plant viruses, and cucumber green
mottle mosaic virus was detected on bees in several states
of Australia before its subsequent detection in diseased plant
material (Roberts et al., 2018).

High-throughput sequencing can also be used to rapidly
obtain complete genome sequences of many viral isolates of
the same species and thus follow the molecular epidemiology
of viruses in real time. As such, HTS was used in a recent
comprehensive study of whole genome sequences of ToBRFV
from the Netherlands, which revealed the existence of three virus
phylogenetic clusters in the country, which are hypothesized

May 2021 | Volume 12 | Article 671925
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to represent three different introduction sources of the virus
(van de Vossenberg et al., 2020).

EMERGING AND ENDEMIC VIRUSES
AND VIROIDS CAUSING SIGNIFICANT
ECONOMIC DAMAGES IN TOMATO
PRODUCTION IN THE PAST DECADE

We collected a list of viruses and viroids with tomato indicated as
host (Supplementary Table 2). A total of 312 species of tomato
viruses (including satellite viruses) and viroids were verified.
They are classified across 39 genera and 22 families (Figure 3).
Among the species in the list, 220 species of tomato viruses
(including satellite viruses) have DNA genomes and are classified
in three families. Due to the high species count within a genus,
the majority of viral species infecting tomato belongs to the
Begomovirus genus (DNA viruses) and associated satellites. On
the other hand, a greater richness of tomato viruses is found for
RNA viruses, for which 84 known species are classified in 18
families. Finally, eight viroids, from a single family, are known
to infect tomato (Figure 3).

Virus can be considered as emerging if it recently has
changed or appeared to occupy and spread within a new
niche (Rojas and Gilbertson, 2008). In general, emergence is
connected to ecological change or intensive agricultural practices
(Elena et al., 2014). Complex virus epidemiology, especially
insect transmission (by, e.g., whiteflies, aphids, and thrips),
and constant evolution of virus populations are key factors
associated with emergence and outbreaks of viruses. Emerging
pathogens and pests in crop plants are often accompanied by
significant yield or economic losses (Savary et al., 2019). In

Frontiers in Microbiology | www.frontiersin.org

addition, changes in global climate conditions, e.g., increasing
temperatures, are predicted to generally exacerbate spread of
plant virus diseases in many regions and can cause changes
in the severity of the disease symptoms (Canto et al., 2009;
Jones, 2016, 2021; Trebicki, 2020). As an example, tomato
yellow leaf curl virus (TYLCV) invasion risk analysis under
different climate scenarios predicted emergence of the virus
and its primary vector, B. tabaci, in tomatoes cultivated in
open fields worldwide (Ramos et al, 2019). Another study
showed that, indeed, heat stress accompanied by the infection
of TYLCV resulted in lower stress response efficiency in
tomatoes and higher aggregation of TYLCV proteins and
DNA (Anfoka et al, 2016). Higher day-night temperature
regimes were also shown to favor virion accumulation of
tomato spotted wilt orthotospovirus (TSWV) in solanaceous
weeds (Llamas-Llamas et al., 1998), and pepper plants that are
heterozygous for the Tsw resistance gene showed susceptibility
at higher temperatures (Moury et al, 1998). Pepper plants
with tobamovirus resistance genes were also shown to be
susceptible to ToBRFV, when grown in infected soil at 32°C
(Luria et al., 2017).

Over the past decades, significant damages to tomato
production were caused by viruses described as emerging or
re-emerging, such as a few criniviruses, pepino mosaic virus
(PepMV), tomato torrado virus (ToTV), tomato leaf curl New
Delhi virus (ToOLCNDV), and ToBRFV (Hanssen et al., 2010b;
Navas-Castillo et al., 2011; Gémez et al.,, 2012; Moodley et al.,
2019, 2020; Oladokun et al., 2019). On the other hand, significant
yield losses in tomato could also be associated with widespread,
endemic viruses, such as PVY or cucumber mosaic virus (CMV)
(Quenouille et al., 2013; Tepfer and Garcia-Arenal, 2019). In the
following sections, we review the available information about
an array of important emergent or endemic viruses and viroids
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in tomato, as well as some recently discovered viruses with yet
unclear role in tomato health.

Begomoviruses and Their Satellite

Viruses

Begomovirus (Geminiviridae) is the biggest and one of the most
studied genera of plant viruses, comprising 162 known species
infecting tomato. Seven viral species belonging to other genera
from the family Geminiviridae are also known to infect tomato
(Figure 3). Virions of viruses belonging to Geminiviridae are
typically twinned (“geminate”). Begomoviruses have monopartite
or bipartite genomes (Zerbini et al., 2017). The most important
way of the transmission of begomoviruses is by the whiteflies
Bemisia tabaci, a cryptic species complex, which can infest many
crops and is now globally widespread (Stansly et al., 2010; Fiallo-
Olivé et al., 2020).

Among the tomato-infecting begomoviruses, TOLCNDV and
TYLCV are the most widespread and economically important
(Zaidi et al., 2017; Prasad et al, 2020). ToLCNDV is a re-
emerging bipartite begomovirus known to infect around 47
different plant species, predominantly crops and weeds from
Solanaceae and Cucurbitaceae (Moriones et al., 2017) families.
ToLCNDYV, distinct species with two strains (ToLCNDV and
ToLCNDV-ES), was first described in India (Padidam et al,
1995) and it is mainly present in Asia where many host plants
and various isolates were described (Zaidi et al, 2017). In
the Mediterranean basin, the TOLCNDV-ES recombinant strain
was identified in tomatoes showing stunting, yellowing, and/or
curling in apical leaves (Fortes et al., 2016). ToOLCNDV was then
reported to spread in Africa and in European countries (e.g.,
Spain, Italy, Greece, Portugal) (EPPO GD, 2020). Furthermore,
the monopartite TYLCV has several widespread strains that
are altogether considered as most devastating for tomato
production in the tropical and subtropical tomato-growing
regions (Mabvakure et al., 2016). Severe yield losses of up to
100% were frequently recorded in tomato yellow leaf curl virus-
infected susceptible cultivars showing typical symptoms, such
as stunting, upward curling of leaves, chlorosis, and reduction
in leaf size (Prasad et al., 2020). For instance, losses due to
TYLCV outbreaks in the Dominican Republic were estimated
at over 10 million US dollars (Gilbertson et al., 2007), and in
China, the virus was reported to be widely spreading and causing
unprecedented losses (Pan et al., 2012). Several resistance genes
(e.g., Ty-1, Ty-2, Ty-3) identified from wild tomato relatives are
used to breed for tolerant varieties against TOLCNDYV, TYLCV,
and other begomoviruses and multi-gene resistance is currently
considered to increase the level of resistance and prevent its
breakdown (Zaidi et al., 2017; Prasad et al., 2020).

Circular ssDNA satellite viruses (i.e, alphasatellites,
betasatellites, and deltasatellites) are often associated with
begomoviruses (Rao and Kalantidis, 2015). They can influence
helper virus (i.e, begomovirus) multiplication and disease
severity (Gnanasekaran and Chakraborty, 2018). Their
replication, cell-to-cell movement and vector transmission are
dependent on helper virus, except for independently replicating
alphasatellites (Gnanasekaran and Chakraborty, 2018). Several
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betasatellites were connected with enhancement of symptom
severity of TYLCV, e.g., cotton leaf curl Gezira betasatellite,
tobacco leaf curl Japan betasatellite, honey-suckle yellow
vein mosaic Dbetasatellite (Ito et al, 2009), and tomato
leaf curl Philippines betasatellite (Sharma et al, 2011). Co-
inoculation experiments of several betasatellites with TOLCNDV
resulted in enhancement of symptom severity (Jyothsna
et al., 2013), while, in one experiment, co-inoculation of an
alphasatellite, betasetellite, and TYLCV resulted in reduction
of the accumulation of betasatellite and symptoms induced by
TYLCV (Idris et al., 2011) in N. benthamiana.

In the last 10 years, several novel begomovirus species
were described in different parts of the world (Table 1 and
Figure 1). From the Afrotropic ecoregion, tomato leaf curl
Kunene virus (Lett et al., 2020), tomato leaf curl Mahé virus
(Scussel et al,, 2018), and tomato leaf curl Burkina Faso virus
(Ouattara et al, 2017) were recently discovered. Numerous
begomoviruses were discovered in Neotropic countries, which
include four novel species: tomato leaf deformation virus
(ToLDeV; Marquez-Martin et al., 2011), tomato apical leaf curl
virus (Vaghi Medina et al, 2018), tomato twisted leaf virus
(Romay et al, 2019), and pepper leafroll virus (PepLRV;
Melgarejo et al, 2013; Martinez-Ayala et al., 2014). Initial
surveys suggest that ToLDeV and PepLRV are the predominant
pathogens causing the tomato leaf curl disease complex in the
Ecuadorian and Peruvian regions (Melgarejo et al, 2013). In
Brazil, tomato severe rugose fruit virus (ToSRV) and tomato
mottle leaf curl virus (ToMoLCV) were found to be prevalent in
tomato crops (Souza et al., 2020).

Reports were made on the potential of wild plants to
act as hosts for important tomato-infecting begomoviruses
(Prajapat et al., 2014). In Cyprus, a large-scale survey of more
than a hundred weed species in major tomato-growing areas
revealed the presence of TYLCV in 49 species (in 15 families),
suggesting inclusion of these possible reservoir hosts in control
measures (Papayiannis et al,, 2011). A recent study focused
on ToLCNDV found the virus in 5 out of 24 investigated
wild plant species in Spain. In that study, HTS was used to
characterize the genomes of 80 isolates from different plant
species and analyze within-plant virus population diversities for
some of them, hinting at some differences between the isolates
from wild and cultivated (cucurbit) plants. Tomato chlorotic
mottle virus (TCMV) was also found in several weed species
in Brazil (Ambrozevicius et al, 2002). In Spain, S. nigrum
was shown to harbor four known begomoviruses associated
with tomato yellow leaf curl disease. Through infectivity assays,
tomato severe rugose virus was shown to be infective and
harbored in common weeds, such as Nicandra physaloides,
Datura stramonium, and Sida sp., which are found surrounding
the tomato-growing areas in Brazil (Barreto et al, 2013;
Gorayeb et al., 2020).

Tobamoviruses

Tobamoviruses  (Virgaviridae) are among the most
environmentally stable viruses that remain viable for a long
time outside of their host plant in various environmental media
(e.g., water, soil) (Fillhart et al., 1998; Mehle and Ravnikar, 2012).
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A positive-sense single-stranded RNA [(+)ssRNA] genome of
tobamoviruses is around 6.5 kb long and coated in rigid rod
virion (Adams et al, 2009b). They are efficiently transmitted
mechanically (e.g., by wounding and contact) and can be spread
also passively through water and soil, and vertically through
seeds (Dombrovsky and Smith, 2017; Mehle et al., 2018). Six
tobamoviruses are known to infect tomato, and two of them
are known to be globally widespread for many years, namely,
tobacco mosaic virus (TMV) and ToMV. Since the discovery and
deployment of three resistance genes, Tm-1, Tm-2, and Tm-22,
the economic damages caused by these two viruses reduced
dramatically (Pfitzner, 2006).

The most recent virus outbreaks with significant losses in
tomato production worldwide were connected to the emergence
of two new tobamovirus species, TOMMV (Li et al, 2013,
2017; Sui et al,, 2016) and ToBRFV (Salem et al., 2016; Luria
et al, 2017). Many research efforts are directed in studies of
these viruses, particularly ToBRFV, and significant efforts are
directed to limit their spread with appropriate quarantine and
phytosanitary measurements (EPPO, 2020a,b).

ToBRFV was first detected in field-cultivated tomatoes
showing typical mosaic symptoms as well as narrowing of
leaves (Luria et al., 2017) and strong brown rugose spots on
fruits (Salem et al,, 2016). ToBRFV was found in tomatoes in
Jordan in 2015 (Salem et al,, 2016) and in 2014 in tomatoes
from Israel, where ToBRFV was also shown to break the Tm-
2% resistance in some tomato cultivars (Luria et al, 2017).
ToBRFV likely emerged as a recombinant between TMV and
ToMMV (Salem et al, 2016). It can infect up to 100% of
plants at a location and amounts to around 70% tomato
yield losses due to symptoms expressed in the fruits (EPPO,
2020a). After its first detection in Israel and in Jordan, it
has rapidly spread into many other countries (Figure 1).
It was recently reported in the United States (Ling et al,
2019), Mexico (Camacho-Beltran et al., 2019), China (Yan
et al, 2019), Palestine (Alkowni et al, 2019), Turkey (Fidan
et al, 2019), Germany (Menzel et al., 2019), Netherlands (van
de Vossenberg et al, 2020), France (Verdin et al, 2020),
Greece (Beris et al, 2020), Italy (Panno et al, 2019), the
United Kingdom (Skelton et al, 2019), Egypt (Amer and
Mahmoud, 2020), and Spain (Alfaro-Ferndndez et al., 2021).
ToBRFV can be easily transmitted through mechanical contact or
can be transmitted by bumblebees (Levitzky et al., 2019), similar
to what was reported for TMV (Okada et al., 2000). ToBRFV
can overcome known resistance genes against tobamoviruses
and there are currently no commercially available ToBRFV-
resistant tomato varieties; thus, it remains an imminent threat
to tomato production worldwide (EPPO, 2020a). Currently,
the only possible control measures are the ones directed at
eradication and containment of the infections, such as restriction
of access to the production site, disposal of infested plant
material, and sanitation measures (EPPO, 2020a). Moreover, a
recent research reported that co-infection of ToBRFV with mild
strain PepMYV resulted in enhanced PepMV accumulation and
symptoms characteristic for an aggressive PepMV strain (Klap
et al., 2020), bringing additional concerns about the impact of
ToBRFV on tomato production.
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ToMMYV was first isolated from infected greenhouse-grown
tomatoes showing mosaic and leaf distortion in Mexico in 2013
(Li et al., 2013). Later on, ToOMMYV was reported to occur across
three ecoregions, specifically in the United States (Padmanabhan
et al,, 2015a), Israel (Turina et al.,, 2016a), Spain (Ambros et al.,
2017), China (Che et al., 2018), Brazil (Nagai et al., 2019), Iran,
and Czech Republic (EPPO GD, 2020). Interception of ToMMV
introduction in Australia through infected pepper seeds was
made in biosecurity checks (Lovelock et al., 2020), highlighting
the importance of preventive measures in preventing virus
spread. TOMMYV was shown to successfully infect a small portion
of ToMV-resistant plants (Sui et al., 2016) but did not successfully
infect some cultivars with Tm-2° gene, (Nagai et al, 2019).
Further assessment is needed to ascertain yield loss and economic
impact of ToMMV.

Through mechanical inoculation, ToBFRV was shown to
be able to infect various hosts, aside from crops from genus
Solanum, also Chenopodium spp., Petunia hybrida, and wild
relative of tomato, S. nigrum (Luria et al., 2017; Alkowni et al.,
2019; Yan et al., 2019). ToMMYV was experimentally shown to
infect various species from family Solanaceae (Ambroés et al,
2017), causing systemic necrosis and death in Datura stramonium
(Sui et al,, 2016). No further studies were conducted yet on the
possibility of these alternative hosts to act as natural reservoir
of these viruses.

Orthotospoviruses

The genus Orthotospovirus (Tospoviridae) is currently composed
of 26 species and is the only plant-infecting genus in
the order Bunyavirales (Oliver and Whitfield, 2016; ICTV,
2020). Orthotospoviruses have a single-stranded negative-sense
RNA [(—)ssRNA] genome, divided into three segments, and
are capable of replication both in the plant host and in
thrips (Riley et al., 2011). Economically, the most important
orthotospovirus infecting tomato is the re-emerging TSWV. In
the case of TSWV outbreaks, up to 95% losses in total market
value can be recorded due to tomato fruits showing typical
necrotic spots and concentric rings (Sherwood et al, 2003;
Sevik and Arli-Sokmen, 2012).

TSWV has one of the widest host ranges of all plant
viruses with more than 1000 known host species from 85
families (Parrella et al.,, 2003). In large-scale surveys of weeds
in United States, several were proven to harbor TSWV, and,
among them, Sonchus asper, Taraxacum officinale, Ranunculus
sardous, Aster sp., Senecio vulgaris, and S. nigrum were shown
to have the highest potential to be an inoculum source of
TSWV (Chatzivassiliou et al., 2001; Groves et al., 2002). Four
weed species surrounding tomato-growing areas in Kenya were
also shown to be hosts of TSWV (Macharia et al, 2016).
TSWYV was found in all known ecozones of the world, affecting
numerous crops (Butkovi¢ et al, 2021). Orthotospoviruses
are transmitted in a persistent propagative and circulative
manner by thrips, the most important of which is western
flower thrips (Frankliniella occidentalis). This insect vector
remains a global problem due to inefficient insecticidal control
(Riley et al., 2011), thus contributing to continuous emergence
of orthotospoviruses worldwide (Oliver and Whitfield, 2016).
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Several resistance genes have been identified and employed to
confer resistance against TSWV in tomato, Sw-5b offering the
most durable and broad resistance to different orthotospovirus
species (Turina et al., 2016b).

Tomato spotted wilt orthotospovirus resistance-breaking (RB)
strains were first discovered in the early 2000s, and since
then, they are occurring sporadically in many regions causing
significant damages. These strains overcome TSWYV resistance
regulated by hypersensitivity genes: Tsw (in pepper) and Sw-5 (in
tomato). This further worsened the economic losses caused by
TSWYV in tomato and pepper, which were previously estimated
at more than 1 billion US dollars annually (Prins and Goldbach,
1998). Currently, there is no new resistance gene discovered
against TSWV (Turina et al., 2016b).

Among other orthotospoviruses, important viruses reported
in tomato in the past decade are tomato chlorotic spot virus
(TCSV), groundnut ringspot virus (GRSV), capsicum chlorosis
virus (CaCV), and tomato yellow ring virus (TYRV) (Table 1
and Figure 1). TCSV was reported to be actively spreading in the
Nearctic countries such as United States (Sui et al., 2017; Poudel
et al., 2019), Puerto Rico (Webster et al., 2013) and GRSV was
reported in tomatoes and other vegetables in the United States
(Webster et al,, 2010, 2014). CaCV is expanding its distribution
in Indo-Malay and Australasian ecoregions as it was detected
in Taiwan (Huang et al,, 2010), China (Yin et al., 2015), and
Australia (Sharman et al., 2020). TYRV was reported in Kenya
(Birithia et al., 2012) and Poland (Zarzyiska-Nowak et al., 2016).
Other novel orthotospoviruses recently identified are tomato
necrotic ring virus (TNRV) from Thailand (Hassani-Mehraban
etal., 2011), pepper necrotic spot virus (PNSV) from Peru (Torres
et al., 2012), and tomato necrotic spot virus (TNSV; as a word
of caution, an ilarvirus was named identically, but has another
acronym: ToNSV) from China (Yin et al., 2014). These viruses
were not yet associated with significant or large-scale outbreaks.

Potyviruses

Potyvirus (Potyviridae) is one of the largest genera of plant-
infecting viruses, with 183 recognized species (ICTV, 2020), 15
of which are known to infect tomato (Figure 3). Potyviruses
are characterized by a (4)ssRNA genome (~9.7 kb), which is
coated in a flexible filamentous virion. PVY is an economically
important potyvirus infecting solanaceous crops. It is efficiently
transmitted by Myzus persicae and other aphid species (Revers
and Garcia, 2015; Gadhave et al., 2020). PVY is widespread
in several tomato-growing regions worldwide, based on recent
large-scale studies (Soler et al., 2010; Al-Kuwaiti et al., 2016; Xu
et al., 2017; Nikoli¢ et al., 2018; Ignatov et al,, 2020; Ma et al,,
2020). Recently, PVY strain C was detected in tomatoes showing
leaf necrosis in Kenya (Chikh-Ali et al.,, 2015). Symptoms of
PVY infection in tomato ranges from faint mottling to necrosis
but varies depending on plant age, environmental conditions,
PVY strain, and co-infecting viruses (Sastry et al., 2019). Aside
from tomato, PVY was shown to infect weed species from
Asteraceae, Chenopodiaceae, Geraniaceae, and Lamiaceae families
(Kaliciak and Syller, 2009).

In recent years, three other potyviruses infecting tomato
were reported, namely, chili veinal mottle virus (ChiVMV),
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pepper mottle virus (PepMoV), and pepper veinal mottle virus
(PVMV). PepMoV infection in tomatoes in Hawaii resulted in
unmarketable fruits with mottling symptoms (Melzer et al., 2012)
and, recently, the virus was detected in India (Sharma et al., 2019).
ChiVMYV was detected in several provinces in southwest China,
with recorded incidence of up to 90% in some areas (Zhao et al.,
2014; Zhu et al,, 2017). PVMV was reported to cause considerable
epidemics in tomato-growing areas in Mali in 2010 and is
now under consideration in tomato disease resistance breeding
programs (Tsai et al, 2010). HMV was recently reported to
naturally infect field tomatoes in Slovenia (Pecman et al., 2018).

Cucumoviruses and Other Members of

Family Bromoviridae

Cucumber mosaic virus (genus Cucumovirus, family
Bromoviridae) is an important tomato-infecting virus.
Cucumoviruses have a spherical virion encapsidating a tripartite
(+)ssRNA genome. Some CMV strains encapsidate subviral
RNAs termed satellite RNAs (satRNAs) (Masuta, 2014). In
nature, CMV and other cucumoviruses are non-persistently
transmitted by aphid species, the most important of which are
Myzus persicae and Aphis gossypii. They were also shown to
be transmitted through seeds of some species, but not tomato
(Palukaitis and Garcia-Arenal, 2003). CMV has a very broad
host range, able to infect more than 1200 plant species across
100 botanical families (Mochizuki and Ohki, 2012). Several weed
species surrounding tomato production areas were shown to
harbor CMV and could serve as reservoir or alternative host of
the virus. Such weeds include, e.g., Convolvulus arvensis, Malva
sylvestris, and Sonchus tenerrimus, reported from Spain (Lavina
et al., 1996), and other nine diverse weeds from Pakistan (Akhtar
et al, 2019). Due to its very broad host range, transmissibility
through seeds of some species, and ubiquitous presence of its
aphid vectors (Jacquemond, 2012), CMV became a globally
distributed species that still causes significant damages in many
crops, especially in tomato.

Outbreaks of CMV infection in tomato-growing areas were
reported, and some of these were associated with satellite RNAs
(satRNAs) that induce systemic necrotic symptoms, referred to
as lethal necrosis (Garcia-Arenal and Palukaitis, 1999; Xu et al.,
2003). This disease was reported in Italy between 1988 and
1993 (Cillo et al.,, 1994; Grieco et al, 1997) and in Croatia
in 1993 (Skoric et al, 1996). Recently, CMV-satRNA infection
was reported in legume crops in Greece (Chatzivassiliou et al.,
2016), and was shown to cause lethal necrosis in tomato
through mechanical inoculation (Giakountis et al., 2018). Also,
during a 4-year survey in Serbia (2012-2015), CMV satRNAs
were identified from collected tomato samples showing systemic
necrosis accompanied by fruit malformation (Stankovi¢ et al,
2021). Cultivated crops are important reservoir of CMV satRNAs
(Gallitelli, 2000), and thus, strategic intercropping should be
taken into consideration to prevent devastating CMV lethal
necrosis outbreaks in tomato.

Tomato aspermy virus (TAV) is another cucumovirus that
naturally infects tomato. TAV was recently reported in tomato
samples from China; however, its economic impact was not
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recorded (Xu et al., 2017). TAV was reported as a major pathogen
of ornamentals such as chrysanthemums that are grown in sub-
tropical Asia (Verma et al., 2009; Maddahian et al., 2017).
Tomato necrotic spot virus (ToNSV) and the novel species
named tomato necrotic streak virus (TomNSV) are tomato-
infecting ilarviruses within Bromoviridae family. Detections of
these viruses were reported in the United States (Batuman et al,,
2009; Adkins et al., 2015; Badillo-Vargas et al., 2016; Bratsch etal.,
2018, 2019). Both viruses caused necrotic symptoms in leaves,
stem or fruits of tomatoes. In France, a novel ilarvirus, named
SnIV1, was discovered in both tomato and its wild relative,
S. nigrum (Ma et al,, 2020). However, the transmission routes,
possible reservoir or alternative hosts, and economic impact are
yet to be determined for ToNSV, TomNSV, and SnIV1 (Badillo-
Vargas et al., 2016; Bratsch et al., 2019; Ma et al., 2020). Moreover,
a re-emerging ilarvirus named parietaria mottle virus (PMoV)
was suggested to be a threat to tomatoes, which showed rings
and bright necrotic mosaic on young leaves upon infection.
It was reported in Europe, particularly in the Mediterranean
countries such as Italy, France, Greece, and Spain (Aparicio et al.,
2018). Outbreaks of PMoV were recently reported in Sardinia,
Italy (Parrella et al., 2020) and research on possible sources of
resistance against the virus already started (Parrella, 2020). Lastly,
two other members of Bromoviridae known to infect tomato and
a variety of other crops are alfalfa mosaic virus (Alfamovirus),
causing necrotic yellows disease on tomato (Finetti Sialer et al.,
1997; Nikoli¢ et al,, 2018) and pelargonium zonate spot virus
causing mild mosaic, leaf malformation, and severe stunting of
the plants (Finetti-Sialer and Gallitelli, 2003; Lapidot et al., 2010).

Potexvirus: Pepino Mosaic Virus (PepMV)
PepMV belongs to genus Potexvirus (Alphaflexiviridae) and has
an unsegmented (+)ssRNA genome coated in a flexuous rod
virion. PepMV was first described in Peru, and since its first
detection in tomato in Netherlands in 1999, it quickly spread in
Europe (van der Vlugt et al., 2000; Hanssen and Thomma, 2010).
It is efficiently transmitted mechanically (e.g., contaminated
tools and whitefly feeding) (Hanssen and Thomma, 2010; Noél
etal., 2014) with occasional transmission through seeds (Hanssen
et al, 2010c), as well as through water (Mehle et al, 2014).
PepMV was originally discovered to infect pepino (Selanum
muricatum) (Jones et al., 1980), and it quickly became endemic
in tomato since its first discovery in this plant in 1999 (van der
Vlugt et al., 2000; van der Vlugt and Stijger, 2021). In tomato,
fruit marbling symptoms are considered as the most important
cause of significant economic losses around the world (Hanssen
and Thomma, 2010; Hanssen et al, 2010b). PepMV is present
in major tomato-growing areas of the Mediterranean (Gomez
et al., 2012) and was recently reported in United States and
Mexico (Ling and Zhang, 2011), South Africa (Carmichael et al.,
2011), Spain and Morocco (Goémez-Aix et al., 2019), and Serbia
(Stankovic et al., 2020).

To date, there are five strains identified for PepMV, namely,
(1) the Peruvian (LP) strain, originally found infecting pepino
(S. muricatum) and wild Solanum spp.; (2) the European EU-
tomato (EU) strain; (3) the American USI strain; (4) the Chilean-
2 (CH2) strain; and (5) the PES strain, described in wild tomato
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populations in Peru (Moreno-Perez et al., 2014). PepMV was
reported to infect a wide range of crops and weed species
(Gomez et al., 2012); its infectivity and symptom expression are
also dependent on the virus strain and host species or cultivar
(Kazinczi et al., 2005; Hanssen et al., 2009; Blystad et al.,, 2015).

Due to the extensive damages caused by PepMV infections,
and since there are currently no commercially available PepMV-
resistant tomato varieties available, efforts have been made to
produce efficient cross-protection strategies against the virus,
particularly for the strains circulating in Europe (Pechinger
et al., 2019). Other than host resistance, cross-protection is one
of the most effective methods of virus disease management,
which entails “pre-immunization” of susceptible genotypes by
inoculation of mild strain of a particular virus (Ziebell and
Carr, 2010). Successful applications of PepMV mild strain cross-
protection were reported in the laboratory or greenhouse in the
past years (Hanssen et al., 2010a; Schenk et al.,, 2010; Vermunt
and Kaarsemaker, 2017). Recently, successful protection of field
tomatoes against PepMV were reported using two mild strains of
the virus (Agtiero et al., 2018).

Criniviruses

Criniviruses from genus Crinivirus (Closteroviridae) are whitefly
transmitted viruses with bipartite genome composed of two
(+)ssRNA genome segments that are separately coated in
filamentous virions (Kiss et al., 2013). Their infection in plants
can be mistaken for nutritional disorders and phytotoxicity
because of the obvious interveinal leaf yellowing and leaf
brittleness, resulting in reduced overall yield (Tzanetakis et al.,
2013). Two widespread tomato-infecting criniviruses are tomato
infectious chlorosis virus (TICV) and tomato chlorosis virus
(ToCV). TICV was first described in 1996 in the United States
(Duffus et al., 1996), and recently reported to cause yield losses
in Mexico (Méndez-Lozano et al,, 2012), Greece (Orfanidou
et al, 2014), and Serbia (Vucurovi¢ et al, 2019). ToCV was
first described in 1998 (Wisler et al., 1998) and is now present
globally causing yield losses due to fruit size reduction (Fiallo-
Olivé and Navas-Castillo, 2019). ToCV was shown to infect 25
species of crops and weeds (Farina et al., 2019), while TICV
was shown to be infective in 22 species of weeds that may serve
as reservoir of the virus (Alfaro-Fernandez et al, 2008). Lastly,
another crinivirus that was first reported to infect tomato in
China is lettuce chlorosis virus; however, its economic impact has
not yet been assessed (Zhang et al., 2017).

Rhabdoviruses

Rhabdoviruses (Rhabdoviridae) can propagate inside either a
leafhopper, an aphid, or mite vector or a plant. Rhabdoviruses
are composed of large bacilliform virions encapsulating an
(—)ssRNA genome of around 13-15 kbp. There are currently
three known species of rhabdoviruses that infect or are
associated with tomato: the newly discovered TYMaV in
genus Cytorhabdovirus (Xu et al, 2017) and, in genus
Alphanucleorhabdovirus, the eggplant mottled dwarf virus
(Mavri¢ et al., 2006) and the recently discovered PhCMoV.
PhCMoV was first detected in Physostegia sp. sampled in 2014
in Austria (Menzel et al, 2018) and was recently detected
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in Germany from two tomato samples 12 years apart (2003
and 2015) that showed typical fruit marbling and discoloration
symptoms (Gaafar et al., 2018). Within this period, PhCMoV was
also detected in tomato samples showing leaf and fruit mottling
and uneven ripening of fruits collected in 2012 at three locations
in Serbia (Vucurovic et al,, 2021), indicating extended presence of
the virus in the country. Findings of PhCMoV in three different
countries in two different plant species in recent years could
indicate the emerging status, and the presence of this virus needs
to be assessed in the future, to determine its potential impact on
tomato production.

Secoviridae: Nepoviruses and

Torradoviruses

Family Secoviridae contains insect or nematode transmitted
viruses, nine of which are known to infect tomato. These
viruses have mono- or bipartite 9- to 13.7-kbp-long (+)ssRNA
genomes encapsidated in an icosahedral virion (Thompson et al.,
2017). Several viruses of this group were reported in recent
years, namely, tomato black ring virus (TBRV) from genus
Nepovirus and ToTV and tomato marchitez virus (ToMarV),
both from genus Torradovirus. TBRV was recently reported
infecting tomatoes in Poland showing chlorotic and/or necrotic
ringspots and was found to be associated with eight satellite
RNAs, but no assessment about economic losses were made
(Rymelska et al., 2013; Zarzyfiska-Nowak et al., 2020). Moreover,
ToTV is reported to spread globally since its discovery in 2007
in tomatoes from Spain showing systemic necrosis or burnt-like
symptoms (Verbeek et al., 2007). ToTV was recently reported
to be present in South Africa (Moodley et al., 2016, 2020) and
Colombia (Verbeek and Dullemans, 2012), which are first reports
of the virus in the Afrotropic and Neotropic ecoregions. ToTV
was also reported in tomato-growing areas in the Mediterranean
basin (e.g., Spain and Italy), in Poland, Hungary, and Australia
(Hanssen et al., 2010a; Hanssen and Lapidot, 2012) and recently
in Serbia (Vucurovi¢ et al., 2021). On the contrary, since the
discovery of ToMarV in tomatoes from Mexico showing severe
leaf necrosis and necrotic rings on fruits in 2007 (Verbeek et al.,
2008), natural infection of ToMarV was only reported in pepper
in Mexico (Camacho-Beltran et al., 2015).

Other Known Viruses Associated With
Tomato

Several other tomato viruses were recently reported worldwide.
Necrotic foliar symptoms in greenhouse grown tomatoes in
Poland were associated with an alphanecrovirus (Tombusviridae)
named olive latent virus 1 (OLV1); however, its economic impact
has not been assessed (Borodynko et al., 2010). Aside from its
original host, olive, OLV1 was also reported to infect citrus and
tulip (Varanda et al., 2014).

In 2015, TMaV, classified in the family Iflaviridae, which
is currently known to contain members that infect arthropod
hosts (Valles et al., 2017), was reported to be associated with
tomato (Saqib et al, 2015). The virus was discovered in a
single asymptomatic tomato sample in which no presence of
a probable arthropod pest was observed under the microscope
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and in BLAST search of the assembled contigs from small RNA
sequencing. Among the artificially inoculated plants, TMaV was
detected in non-inoculated leaves, reported to cause symptomless
infection in S. lycopersicum and S. melongena, but showed
mild symptomatic infection in Capsicum annum (Saqib et al,
2015). Further research is needed to ascertain the role of TMaV
in tomato and also to investigate its possible replication in
arthropod hosts.

In Brazil, tomato blistering mosaic virus (ToBMV)
(Tymoviridae) was discovered in field tomatoes that exhibited
severe leaf mosaic and blistering symptoms (De Oliveira et al,
2013). Later, analyses confirmed the presence of ToBMV in
the tobacco sample from 1986 (Melo et al., 2014). ToBMV was
also reported in tomatoes from Argentina (Ferrand et al., 2016)
and in a weed relative of tomato, Solanum violaefolium (Blawid
et al, 2016). These studies may imply possible emergent status
of ToBMV in the Neotropics and further investigations are
therefore needed.

Southern tomato virus (STV) (family Amalgaviridae, genus
Amalgavirus), a double-stranded (ds) RNA virus, was first
detected in tomato plants in United States and Mexico exhibiting
stunting of the growing tips, fruit discoloration, and reduced
fruit size (Sabanadzovic et al, 2009). Since then, it was also
reported in several European countries (lacono et al, 2015;
Verbeek et al., 2015; Pecman et al., 2018; Gaafar et al., 2019;
HortDaily, 2019; WUR, 2019), Bangladesh (Padmanabhan et al.,
2015c¢), China (Padmanabhan et al., 2015b), and South Korea
(Oh et al, 2018), and so far only in tomato plants. STV co-
infections with other viruses are frequent, as well as detections
of STV in asymptomatic tomatoes (Alcala-Briseno et al., 2017).
STV virions were not yet observed (Tzanetakis et al., 2020),
and the epidemiology of STV remains unclear, as it is only
known to be vertically transmitted through seeds at high rates
(70-90%) (Sabanadzovic et al, 2009). A recent study showed
that STV infection alone did not induce symptoms and cellular
ultrastructure changes; however, it modified expression of certain
microRNAs (Elvira-Gonzdlez et al., 2020).

Pospiviroids

Viroids are naked, non-coding, circular (4)ssRNA molecules,
around 246-401 bp long, and are the smallest entities known
to infect any living organisms. They are known to infect only
plants (Kovalskaya and Hammond, 2014). They can induce
disease symptoms, resulting in significant economic damages in
different crops and ornamentals (Navarro et al., 2012). Viroid
infection in tomatoes results in growth reduction or stunting
accompanied by leaf distortion or epinasty, although symptoms
vary greatly among viroid strains and tomato cultivars (Mackie
etal,, 2019). Aside from tomato and other crops and ornamentals
(van Brunschot et al., 2014a), pospiviroids were also found
to be harbored in several weed species, which were reported
as their natural reservoir (Van Bogaert et al, 2015; Mackie
et al, 2016). Majority of viroids are transmitted mechanically
through infected tools and seldom through seeds or pollen;
however, the most efficient transmission of viroids is through
vegetative propagation of infected material (Flores et al., 2005).
Viroids were reported to cause significant losses in tomato
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production in a few countries over the last decade. Out of the
nine recognized pospiviroids (Pospiviroidae), eight are known
to infect tomato. Among these viroids, potato spindle tuber
viroid (PSTVd) and tomato chlorotic dwarf viroid (TCDVd)
are the most prevalent and economically important (Verhoeven
et al., 2010; van Brunschot et al., 2014b). Several introductions
of viroids were reported recently, such as in Italy and Norway,
where phytosanitary authorities were able to eradicate PSTVd
and TCDVd upon the detection in established tomato crops
(Navarro et al., 2009; Fox et al, 2013). In order to prevent
introduction of viroids, all imported lots of tomato and pepper
seeds are tested in Australia (Constable et al., 2019). Since
testing of seeds is needed to prevent the introduction of
pospiviroids into new areas, many efforts have already been done
to optimize diagnostic protocols that enable their detection at
low concentration, which is expected in case of seed infestation
(Mehle et al., 2017).

CONCLUSION AND FUTURE
PROSPECTS

New discoveries and studies on emergence of tomato viruses
in the recent decade contributed to our understanding of the
tomato virome, its diversity, virus ecology, and epidemiology.
Tomato is likely associated with the highest number of viruses
and viroids known for any plant species to date, currently
amounting to at least 312 known species. Because of the
absence of resistant varieties for some viruses, global spread
of insect vectors, emergence of RB viral strains, increased
global movement of plant materials, such as seeds, and high
stability and environmental persistence of some viruses, viral
diseases in tomato cause massive yield and economic losses.
Begomoviruses and associated satellite viruses represent the most
numerous group of tomato viruses. TOLCNDV and TYLCV
are two of the most important begomoviruses, with ToLCNDV
currently prevailing as an emergent and damaging species
worldwide (Zaidi et al., 2017; Prasad et al., 2020). On the other
hand, a diverse array of RNA viruses cause high economic
losses in tomato globally. The most striking example is the
recent emergence of ToBRFV that quickly caused outbreaks
in several regions all around the world, within just few years
after its discovery. According to our review, 45 novel virus
species have been discovered in tomato in the past decade
and several known viruses have been associated with tomato
for the first time. The discovery and first detections of viruses
in tomato are increasing in recent years also because of the
prevalent use of HTS as a generic virus detection technique.
This faster discovery rate is often not paralleled with virus
characterization studies, biological or ecological, for newly
discovered tomato viruses. In-depth characterization studies
are mostly performed for viruses with high phytosanitary and
economic importance. At the agroecological scale, the first
extensive HTS-based tomato virome studies were conducted
in China (Xu et al, 2017) and France (Ma et al., 2020),
the latter also addressing the link between the virome of
tomato and wild plants. In addition, by the use of HTS,
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viable tomato-infecting tobamoviruses were detected in the
environment outside their hosts, specifically in untreated and
treated wastewater (Bacnik et al., 2020).

The increasing knowledge on the virome of tomato, the
environment, and the surrounding wild plants contributes
to better understanding of virus disease emergence and
epidemiology of viruses associated with tomato. Moreover, an
increase in viral sequence information in databases can enable
more rapid development of targeted diagnostic tests. A tailored
approach in studies of plant virus diseases is needed because
each crop species or family has its distinctive virome (McLeish
et al., 2020b). At the agroecological scale, a holistic view of the
virome would include viruses in crops, wild plants, vectors, or in
the surrounding environment. This is important to consider for
tomato that is associated with a very high number of virus species,
which are transmitted by numerous vectors and harbored in wild
plants and some remain stable in the environment. HTS-based
viromics approach enables collection of ecosystem-level genomic
data in extended spatiotemporal scales (McLeish et al., 2020a,b).
Furthermore, the use of long-read (or single molecule) portable
sequencing platforms, such as Oxford Nanopore Technologies
Minlon, is expected to bring HTS even closer to the end-users
(e.g., small research and diagnostics laboratories) and contribute
to new viral discoveries in plants, including tomato (Bronzato
Badial et al., 2018; Boykin et al., 2019; Chalupowicz et al., 2019).
Approaches such as virome network analysis can finally be used
to, e.g., associate viromes of the crops to that of the insect
vectors or wild plants and can consider biogeographical features
of the cropping area (Alcald-Briseno et al., 2020). With such
analyses, new insights can be generated that could be useful
in possible forecasting and eventual prevention of virus disease
emergence and outbreaks in the future (Garrett et al., 2018;
McLeish et al., 2020a).
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Abstract
Background: In agroecosystems, viruses are well known to influence crop health and a few

cause phytosanitary and economic problems, but their diversity in non-crop plants and role
outside the disease perspective is less known. An extensive virome exploration that includes
both crop and diverse weed plants is therefore needed to better understand roles of viruses in
agroecosystems. Such unbiased exploration is possible through viromics, which could generate

biological and ecological insights from immense high-throughput sequencing (HTS) data.

Results: Here, we implemented HTS-based viromics to explore viral diversity in tomatoes and
weeds in farming areas at a nation-wide scale. We detected 125 viruses, including 79 novel
species, wherein 65 were found exclusively in weeds. This spanned 21 higher-level plant virus
taxa dominated by Potyviridae, Rhabdoviridae, and Tombusviridae, and four non-plant virus
families. We detected viruses of non-plant hosts and viroid-like sequences, and demonstrated
infectivity of a novel tobamovirus in plants of Solanaceae family. Diversities of predominant
tomato viruses were variable, in some cases, comparable to that of global isolates of same
species. We phylogenetically classified novel viruses, and showed links between a subgroup of
phylogenetically-related rhabdoviruses to their taxonomically-related host plants. Ten
classified viruses detected in tomatoes were also detected in weeds, which might indicate
possible role of weeds as their reservoirs, and that these viruses could be exchanged between

the two compartments.

Conclusions: We showed that even in relatively well studied agroecosystems, such as tomato
farms, a large part of very diverse plant viromes can still be unknown and is mostly present in
understudied non-crop plants. The overlapping presence of viruses in tomatoes and weeds
implicate possible presence of virus reservoir and possible exchange between the weed and
crop compartments, which may influence weed management decisions. The observed

variability and widespread presence of predominant tomato viruses and the infectivity of a
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novel tobamovirus in solanaceous plants, provided foundation for further investigation of virus
disease dynamics and their effect on tomato health. The extensive insights we generated from
such in-depth agroecosystem virome exploration will be valuable in anticipating possible
emergences of plant virus diseases, and would serve as baseline for further post-discovery

characterization studies.

Keywords: tomato, weed, virus, viroid, virome, virus discovery, virus diversity, phylogenetics,

metagenomics, viromics

Background

The awareness on the importance of virus diseases, especially amid an on-going COVID-19
pandemic [1], increased research interest on the exploration of virus diversity across
ecosystems, assisted by high-throughput sequencing (HTS) [2—4], and by exploring global
nucleotide databases [5—7]. In agroecosystems, viruses are ubiquitous microbes associated with
eukaryotic hosts including crop and weed plants, fungi, oomycetes, arthropods, and nematodes,
as well as prokaryotes such as bacteria [8,9]. Thus, viruses could influence dynamics of plant
populations and individual phytobiomes, directly, or through modulation of other ecological or
environmental factors [10]. Due to the parasitic nature, high transmissibility and adaptability of
plant pathogenic viruses [11], it was estimated that they account for half of emerging diseases
in plants [12], and losses equivalent to around a quarter of expected crop yield [13]. Tomato
(Solanum lycopersicum L.), which has the highest volume of vegetable production globally
[14], is associated with more than 300 viruses including several that are frequently associated
with disease symptoms and yield losses [15]. In recent years plant virologists have witnessed a
spread of emerging tomato viruses, such as tomato brown rugose fruit virus (ToBRFV) [16]
and tomato leaf curl New Delhi virus (ToLCNDV) [17]. To study such a high diversity of

viruses, HTS has become the tool of choice. HTS-based viromics, coupled with bioinformatics
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tools, enable inference of biological, evolutionary, and ecological insights [18], which impact

also fields of virus diagnostics and epidemiology [19].

With HTS, plant virology has greatly shifted from traditional focus on disease-associated
relationships [18], to a scalable and unbiased ecosystems-level approach [3]. The study of plant
virus pathogenesis and emergence with an ecological approach has also integrated the
modulation of various environmental factors. Specifically, studies, which have been
collectively reviewed in recent literature [20-22], demonstrated the importance of unmanaged
weed plants surrounding cultivated areas in the distribution, ecology and emergence of viruses
[23,24]. In tomato, HTS has significantly advanced virus discovery, diversity, ecological and
epidemiological studies [15]. Several HTS-based studies in the recent decade have contributed
to the current known set of tomato viruses. A survey of tomatoes showing virus disease-like
symptoms in China uncovered the presence of 21 known and one novel viruses [25]. Similar
studies reported known and novel viruses associated with individual tomato plants or a
collection of tomato samples using HTS [26-28]. Findings from these studies significantly
contributed to the characterization of the global tomato virome and presented several insights
that an HTS-based viromics survey can provide regarding the diversity, ecology and evolution
of tomato viruses. In a survey of viruses in tomato and in surrounding Solanum nigrum from
different locations in France possible exchanges of viruses were observed between wild and
cultivated plant species [23]. This suggests that more extensive studies exploring the viromes
of the vast diversity of weeds surrounding crop farming areas would be needed to better

understand diversity and dynamics of plant viromes in an agroecosystem.

Studies that uncovered plant viromes at the ecosystem scale have focused mainly on discovery,
and its epidemiological or ecological implications [23,25,29]. Knowing which species of
viruses are present in an agroecosystem and to what extent they influence the host fitness

landscape will greatly aid prediction of emergence [30]. To better understand plant virus
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diversity, ecology and possible emergence of plant virus diseases in an agroecosystem, we
selected tomato as a model crop, and investigated a very diverse set of mostly broadleaf
dicotyledonous volunteer plants, including weeds (designated simply ‘weeds’ hereafter)
surrounding selected tomato production sites in Slovenia. We examined their viromes using an
HTS-based approach, followed by virus characterization, to answer the following questions:
(1) How diverse and prevalent are plant viruses and other virus-/viroid-like agents in tomatoes
compared to that of surrounding weeds? (2) Are there overlaps of viruses detected in tomatoes
and weeds? (3) Can we identify potential weed reservoirs of known crop viruses, and do weeds
harbor an under-sampled virus diversity? (4) Can we identify some viruses in weeds, or those
shared between tomatoes and weeds, which could potentially emerge in tomato? (5) What are

the phylogenetic relationships of known and novel viruses to known taxa?

This study represented the largest simultaneous survey of viromes of diverse weed species and
a crop (tomato) within a cropping system. Our approach can be used to gain insights on plant
virus’ diversity and dynamics in the wild-cultivated agroecological interface, a known zone for
virus spillovers [11,31,32]. The virome dataset could also aid in future tomato virus disease

monitoring, thus possibly contributing to the prevention of future virus epidemics in tomato.

Methods

Sample collection and processing

Tomato and weed plants, within or in the immediate surroundings of tomato farming fields or
greenhouses were collected in Slovenia during summer of 2019 and 2020. Fourteen farms at
six different localities were visited, spanning central (Dol pri Ljubljani, 1 farm), west (Miren-
Kostanjevica, 2 farms; Nova Gorica, 1 farm), southwest (Koper, 4 farms; Piran, 3 farms), and
southeast (Novo Mesto, 3 farms) regions of Slovenia. A total of 436 samples were collected,

full details of which are in Supplementary Table 1. Asymptomatic tomatoes were randomly
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119  sampled within an area, while symptomatic tomatoes and weeds were selectively sampled based
120 on appearance of virus disease-like symptoms most commonly shown as foliar discoloration
121  (e.g., chlorosis, mosaic, yellowing), leaf deformation (e.g., folding, curling), fruit deformation
122 (e.g., mottling, marbling), and systemic symptoms (e.g., general stunting, rosetting), among
123 others. Selected photographs of collected plants, with a notion of associated detected viruses,
124 are shown in Supplementary Fig. 3 and Supplementary Table 9. Most tomato samples collected
125  were in the early fruiting or fruit harvesting stage, while the most weed plants were sampled at
126 the mature or flowering stage. To aliquot tissues for RNA extraction, leaves or fruits were
127  obtained equally from different parts of the plant to account for possible uneven distribution of
128  viruses within the plants. Leaf and fruit tissues were separately aliquoted in cases where these

129  were collected from a single plant. Collected tissues were stored at -80°C.

130 RNA extraction and sequencing

131  Total RNAs were extracted from individual plant samples using RNeasy Plant Mini Kit
132 (Qiagen, USA). RNA quality and quantity were checked using QuBit fluorometer (Thermo
133 Fisher Scientific, USA), and NanoDrop spectrophotometer (Thermo Fisher Scientific, USA).
134 RNAs were then pooled equimolarly into composite samples based on plant type (i.e., tomato
135  or weed), health status (i.e., symptomatic or asymptomatic), and the sampling location
136  (Supplementary Table 2). A total of 67 composite samples were cleaned, concentrated and
137 treated with DNase (RNA Clean and Concentrator, Zymo Research, USA). Alien controls from
138 total RNAs extracted from Phaseolus vulgaris infected with Phaseolus vulgaris
139 alphaendornavirus 1, Phaseolus vulgaris alphaendornavirus 2 and Phaseolus vulgaris
140  alphaendornavirus 3 were included into each sequencing run. The 2019 and 2020 sample set
141  were separately sent to Macrogen, Inc. (South Korea), for library preparation and high-
142 throughput sequencing. Sequencing libraries, including depletion of ribosomal RNA using

143 Ribo-Zero rRNA Removal Kit (Plant) (Illumina, USA), were prepared suitable for 150 bp
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paired-end sequencing using TruSeq RNA Library Prep Kit (Illumina, USA) and sequenced

using Illumina HiSeq 2500 platform.

Total RNAs from inoculated plants (discussed below) were extracted as mentioned above and
depleted of ribosomal RNA using RiboMinus™ Plant Kit (Invitrogen, USA), then ligated with
poly-A sequences using E. coli Poly(A) polymerase (NEB #M0276, UK). Library preparation
was done using the PCR-cDNA Barcoding kit (SQK-PCB109, version 100ct2019, Oxford
Nanopore Technologies, UK), prior to sequencing using Oxford Nanopore Technologies
MinlON platform (Oxford Nanopore Technologies, UK) and base-calling following a

previously described workflow [33].

Sequence quality screening, trimming and virus genome assembly

Raw reads were trimmed, screened for quality and analyzed following a previously described
pipeline for plant virus detection using HTS [34]. Contigs were primarily assembled from the
filtered reads using CLC Genomics Workbench (GWB) v. 20 [34] (Qiagen, USA). Within the
used pipeline, virus and virus-like reads and contigs were initially identified by mapping
trimmed reads/contigs to virus RefSeq database (version from Jul. 2020) [35] and viral domains
searches in contigs against pFam database v. 33. Candidate viral contigs were later confirmed
by homology search using BLASTn against the NCBI nucleotide (nt) and BLASTx [36] against
NCBI non-redundant protein (nr) databases from Dec. 2020. Assembly in metaSPAdes v. 3.14
[37] was also implemented to recover longer contigs in some cases, where these were not
assembled in CLC-GWB. Consensus genome sequences of detected viruses were reconstructed
using de-novo assembled contigs and/or iterative reads mapping to the most similar reference
sequences obtained from NCBI GenBank. Since datasets were derived from pooled samples,
consensus viral genomes were reconstructed only for the viruses with observed low to moderate
population diversity (determined after manual inspection of the mapping files), indicative of

infection with a single viral lineage. As a final checkup, mapping of reads of corresponding
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169  datasets to reconstructed consensus virus genomes was implemented (with 95% identity and
170 read length fraction). Overall sequencing results and statistics, and information on sequencing
171  read archive (SRA) metadata are given in Supplementary Table 3. The internal controls were
172 used to check the prevalence of sequencing cross-talks. A threshold of <0.00001% of total reads
173 in the library was set, based on the general virome composition of the internal controls, to

174  classify sequences as either a possible contamination, crosstalk, or low titer virus infection.

175  For the sequences obtained from inoculated plants (discussed below) using MinlON platform,
176  quality screening was done following a customized workflow [33], that uses the programs from
177  the NanoPack program [38] for quality screening and visualization. Reads were assembled
178  using Racon [39]. The mapping program Minimap2 [40] run in Geneious Prime software v.
179 2022.1.1 (Dotmatics, USA), was used for mapping reads to viral RefSeq (version from May

180  2022) and consensus genomes of viruses detected in this study.

181  Virus genome annotation and classification

182 Genomes of detected viruses were annotated using the ORF prediction tool in CLC-GWB v.
183 20, and checked based on known genome organization and open reading frame composition
184  reported in the ICTV website [41], and in peer-reviewed publications. InterProScan was used
185  toidentify known and unknown protein domains [42], and in the case of potyviruses, homology
186  alignment in BLASTp (E-val<10#) with well-characterized known species was implemented
187  to detect gene products and their start and cleavage sites [43]. Viruses were taxonomically
188  classified based on the percent pairwise identity obtained in SDT v1. 2[44], and other genomic
189  criteria imposed by the ICTV [41], as of Oct. 31, 2021. Multiple sequence alignments were
190  made for each genus or family based on the recommended gene or genome segment by the
191  ICTV. Unaligned ends were trimmed, and trimmed alignments were used for pairwise identity

192 comparisons. Details of the genes or genome segments used, and the results of the pairwise
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identity comparisons are indicated in Supplementary Tables 23-42. Classifications were then

confirmed by analyses of phylogenetic relationships with known virus taxa (described below).

Genome assembly and screening for putative viroids

Viroid-like circular RNAs were assembled using the SLS-PFOR2 program [45]. BLASTn
searches [36] against the NCBI nt database and BLASTx searches against NCBI nr database,
from Dec. 2020, were implemented to filter out sequences from known organisms, and
sequences that code for proteins (E-val<10#). Filtered contigs were re-examined by remapping
(95% identity and read length fraction) virtually-diced reads (generated as a part of SLS-PFOR2
pipeline) and trimmed reads to the assembled circular RNAs. Contigs with average mapping
depth below 10 were manually discarded. Contigs were again filtered based on the presence of
two or more rotationally identical contigs of the same length (i.e., indicating the presence of (+)
and (-) strands). After selecting for rotational identical contigs, presence of viroid-like
secondary structure motifs (e.g., avsunviroid hammerhead ribozyme and rod-like pospiviroid
structures) were predicted using forna [46]. Low structural Gibbs free energy and visual
inspections such as high degree of base paring, or degree of branching were the criteria used to

preliminarily select for putative novel viroids.

RT-PCR assays and Sanger sequencing

PCR primers were designed using Primer3Plus [47], and RT-PCR assays were designed to
identify individual plant host(s) of selected viruses detected using HTS of pooled samples
(Supplementary Table 7). RT-PCRs were performed using OneStep RT-PCR kit (Qiagen, USA)
with thermocycling program conditions given in Supplementary Table 8. To confirm genome
circularity of viroid-like circular RNAs, abutting primers for inverse RT-PCR were manually
designed as previously described [45] (Supplementary Fig. 2). Amplicons were visualized in

1% agarose gel, stained with ethidium bromide. When PCR amplicons need to be sequenced,
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217  to confirm sequence identity or circularity in the viroid-like sequences, they were purified using
218  QIAquick PCR purification kit (Qiagen, USA), and sent at Eurofins Genomics, Germany.
219 Amplicon sequences were visualized and trimmed in CLC-GWB v. 20. Final sequences were
220  remapped (95% identity and read length fraction) to the target virus genome to confirm its
221  identity, or to putative viroid genome to confirm its circularity (Supplementary Fig. 2). Photos

222 of identified plant hosts are in Supplementary Fig. 3.

223 Phylogenetic analyses

224  Phylogenetic analyses were performed to investigate taxonomic positions of detected newly
225  discovered and known viruses from different taxonomic groups (Supplementary Table 10).
226  Conserved amino acid sequences of viruses (mainly conserved parts of RNA-dependent RNA
227  polymerase (RdRp) (methyl transferase, helicase or CP were used in some cases) for RNA
228  viruses, replicase (C1) protein for geminivirus and reverse transcriptase (RT) for caulimovirus)
229  detected in this study were aligned with corresponding viral RefSeq amino acid sequences of
230  viruses within a recognized virus family, in addition to selected BLASTp hits (E-val<10™). For
231  multiple sequence alignment, ClustalW [48] was used as implemented in CLC-GWB v. 20.
232  Non-aligned sequences at both ends were trimmed after alignment. Realignment of trimmed

233 sequences was done using MAFFT [49] and further processed with trimAI [50].

234 In the case of tobamoviruses, a nucleotide-based phylogenetic analyses were done on full
235  genomes. Genomes of different isolates gathered from GenBank and viral RefSeq database,
236  were aligned using MUSCLE [51], and checked for possible recombinants in RDP v. 4 [52].
237  All recombination events with p-val<10™ reported by at least four methods were considered

238  significant. Phylogenetic analyses were performed on alignments free of recombinants.

239  For both, protein and nucleotide alignments, maximum likelihood phylogenetic analyses were
240  inferred in MEGA X [53], after the selection of the most suitable substitution models. Details

241  on the sequence sets for each analysis, and the parameters used in the analyses are in
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Supplementary Table 10. The phylogenetic trees were visualized and edited in iToL v. 6.4 [54].
To investigate possible structuring of virus species in phylogenetic trees by associated host
plants, plant host cladograms were generated in phyloT v. 2 (https://phylot.biobyte.de/) [54],
based on NCBI Taxonomy. Host associations were based on information on the specific
accession in NCBI GenBank of the virus isolate of tobamoviruses in Fig. 7, and all isolates of
species for rhabdoviruses in Fig. 5. Connections were manually inferred between viral and plant

phylogram and cladogram and visually inspected.

Genome-wide molecular diversity analyses

Tomato viruses which have at least three isolates detected with full genomes reconstructed,
including their isolates from weed samples, were included in the calculation of percent pairwise
identities and polymorphisms. Full genome nucleotide sequences of selected viruses were
aligned using MUSCLE [51] in MEGA X [53], and unaligned ends were trimmed thereafter.
Genome segments of multi-segmented virus genomes were concatenated after trimming.
Percent pairwise identities and number of polymorphic sites were calculated using SDT v. 1.2
[44]. For two newly discovered viruses, the aligned sequences were used to calculate genome-
wide polymorphisms and nucleotide diversities () in DnaSP v. 6 [55] in sliding windows of

100 bases and step size of 5.

Infectivity tests and transmission electron microscopy (TEM)

Further characterization studies were performed to test the infectivity and visualize the virions
of newly discovered Plantago tobamovirus 1 (PTV1). Five plants each of Selanum
lycopersicum, Nicotiana benthamiana, and Nicotiana clevelandii, were used in the inoculation
experiments, with additional two plants each as mock inoculated controls. Plants were
inoculated at the four-leaf stage. The source of inoculum for PTV1 was the original Plantago

major infected sample from the field. Mechanical inoculation of infected plant sap, diluted 1:10
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266  in phosphate buffer, was done on two leaves (second and third youngest), dusted with
267  carborundum, as previously described [56]. The plants were kept in a controlled environment
268  at 20-24°C, with 16 h daylight and 8 h darkness. Inoculated leaves were tested in pools for the
269  presence of the target virus on 7% and 14™ day post inoculation (dpi) in RT-PCR assays.
270  Systemic leaves of inoculated plants were tested for the presence of the PTV1 using RT-PCR
271  assays, wherein pooled newly grown (uninoculated) leaves at 14, 21, 28 and 35 dpi were used.
272  TEM was done to confirm the presence of the virus particles in inoculated N. clevelandii plants.
273  Tissue homogenates were applied to Formvar-coated, carbon-stabilized copper grids, and
274  negatively stained with 1% uranyl acetate (SPI Supplies, PA, USA), before inspection in TEM.
275  To associate the observed disease symptoms with the presence of PTV1, pool of five inoculated
276  N. clevelandii plant showing virus disease-like symptoms and tested positive for PTV1 was
277  collected at 21 dpi and analyzed using nanopore sequencing as described in section ' RNA

278  extraction and sequencing’ above.

279  Results

280  Overview of viruses detected in tomatoes and weeds and observed patterns of viral

281  presence and diversity

282  Tomato (n=293), and weed (n=143, 59 species in 18 families) plant samples, were collected
283  from six localities in Slovenia, wherein 14 farms were visited in 2019 and/or 2020 (Fig. 1a-b,
284  for details see Supplementary Tables 1-3). Sequencing of pooled ribosomal (r)RNA-depleted
285 total RNAs (i.e., composite samples) from these samples, and subsequent bioinformatics
286  analyses revealed 126 viruses (Fig. 1c), of which 37 are known and 55 are novel classified
287  viruses that could be classified up to known species taxa (46 are exclusively from weeds). The
288  remaining 33 viruses are either isolates of known viruses, which were not yet classified under
289  established taxa in Riboviria (n=9), or unclassified putative novel Riboviria, satellite RNAs,

290  and viroid-like circular RNAs (n=24, 19 are exclusively from weeds). Thus, the total of novel
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291  viruses discovered is 79, of which 65 were found exclusively in weed plants (Fig. 1h, for details
292  see Supplementary Tables 4-6). Farms from the coastal region of SW Slovenia (Piran and
293  Koper), where 51% of the samples were collected, have the highest count of virus species
294  detected (i.e., 57 viruses in Koper and 84 viruses in Piran) (Fig. 1d). The viruses were classified
295  in 21 known plant virus taxa, and four other families that are known to be associated with other
296  eukaryotic hosts (Dicistroviridae, Iflaviridae, Lispiviridae, and Picornaviridae) (Fig. le).
297  Majority of the detected viruses were from 15 taxa of positive sense (+) single-stranded (ss)
298  RNA viruses (n=60), followed by four families of negative sense (-) ssSRNA viruses (n=17)
299  (Fig. If). Ten viruses were found both in tomato and weed composite samples from several
300 localities, eight of which are most likely plant-infecting. Some of the ten overlapping viruses
301 are known to have wide host range, and are endemic in tomato (i.e., tomato spotted wilt
302  orthotospovirus (TSWV), cucumber mosaic virus (CMV), tomato mosaic virus (ToMV), and
303  potato virus Y (PVY)) [15] (Fig. 1g). Viruses recently detected in tomato (i.e., Solanum nigrum
304 ilarvirus 1 (SnIV1), Ranunculus white mottle ophiovirus (RWMYV), tomato matilda virus
305  (TMaV)) [23,57-59], a known insect (Aphis glycines virus 1 (AGV1)) and a known fungal
306 (Leveillula taurica associated rhabdo-like virus 1 (LtaRLV1)) virus, and a novel virus (plant
307  associated tobamo-like virus 1 (PaToLV1)) were also detected in both sample types. Among
308  the viruses detected both in tomatoes and weeds, there were several cases in which we could
309  detect the same virus within the same location in both sample types: seven viruses (TSWV,

310 CMV, ToMV, PaToLV1, LtaRLV1, PVY, and TMaV) with such pattern were observed.

311  Three known viruses were detected for the first time both in tomatoes and in Slovenia, and five
312 others were detected for the first time in the country, (i.e., were not reported before in local
313 comprehensive records) [60] (Fig. 1i). Lastly, other known crop viruses were detected in
314  composite weed samples, including two potyviruses (watermelon mosaic virus (WMV) and

315  carrot thin leaf virus (CTLV)), ilarvirus (Prunus virus I (PrVI)), closterovirus (beet yellows
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316  virus), luteovirus (soybean dwarf virus), cucumovirus (peanut stunt virus), fabavirus (broad

317  bean wilt virus 1), polerovirus (barley virus G), and potexvirus (white clover mosaic virus).
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Figure 1 | Diversity and distribution of samples and viruses detected in tomatoes and
weeds surrounding tomato farms. a Pie chart showing proportion of sample count per sample
type, and separately for weed samples, proportion of sample count per plant family. b Map
showing the geographical locations where sampling was done. Farm codes are indicated for
each locality. ¢ Overall count of viruses, with (near) complete genomes, identified from this
study, distributed as proportion of known, novel and unclassified Riboviria species. d Bar plot
summarizing the number of samples collected, and viruses detected in each sampling locality.
e Heatmap showing the diversity of identified viruses by genome composition, their distribution
in each known virus taxa by sample type, and the known eukaryotic host (Kingdom) of each
virus taxa. f Summary of count of identified viruses based on Baltimore class or genome
composition. g Venn diagram showing the number of identified known and novel viruses found
exclusively in tomato or weed composite samples, and the viruses found in both sample types.
Credit: Images or icons used in the figure were from https://freesvg.com/, and are under Public
Domain (CCO license, https://creativecommons.org/licenses/publicdomain/). The map of
Slovenia was derived from work of Andrei Nacu uploaded in Wikimedia Commons, the free
media repository, under the Public Domain (CCO license). The authors and publisher remain

neutral with regard to jurisdictional claims in published maps.

To get general insights into the association of detected viruses with observed disease symptoms,
we have compared the number and overlap of detected viruses in sampled symptomatic and
asymptomatic tomatoes. Out of the 45 viruses detected in tomato composite samples, only four
(8.9%) were exclusively detected in asymptomatic tomatoes, and 23 (51.1%) exclusively in
symptomatic tomatoes (Fig. 2a). Eighteen (40.0%) viruses were detected in both types of
tomato samples, of which, six (i.e., southern tomato virus (STV), CMV, PVY, olive latent virus
1 (OLV1), TMaV, and ToMV) were detected in at least six composite samples. A total of seven

new viruses, and eight known but still unclassified arthropod, fungal and oomycete viruses were
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344  detected in tomatoes. Using RT-PCR assays (for details, see Methods and Supplementary Table
345 7), we confirmed the presence of a subset of mostly novel viruses in weeds and tomatoes, and
346  identified key hosts that could be potential transmission hubs, or alternate hosts (Fig. 2b, for
347  details see Supplementary Table 9). Some examples include: SnIV1 detected in tomatoes and
348  in another weed host, Physalis sp., from a single farm, PaToLLV1 detected in tomatoes and in
349 Convolvulus arvensis also in a single farm, and TMaV detected in tomatoes and in three other
350  weed species (i.e., Chenopodium sp., Ranunculus repens, and Erigeron annuus) that span five
351  localities. RWMYV was detected both in Solanum nigrum, and in four pools of tomato samples
352  from three different localities. Twelve novel viruses (discussed in succeeding sections),
353  including six rhabdoviruses and three tombusviruses, were detected in four Asteraceae species

354  (i.e., Picris echoides, Cichorium intybus, Taraxacum officinale, and Cirsium arvense).
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356  Figure 2 | Connectivity and overlaps of viruses detected in different sample types. a
357  Bipartite network showing detection of viruses in composite symptomatic and asymptomatic
358 tomato samples from the present study. The node represents the viruses, in which outline

359  thickness is weighted based on the number of composite samples where the virus was detected
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360 by HTS. The lines connect viruses with a sample type in which they were detected. Virus names
361  are color coded according to classification status: known viruses are either officially recognized
362 ICTV species (black font), or viruses that are deposited and classified in GenBank, but not
363  ICTV-recognized (purple). Novel viruses from this study, which are classified up to the species
364 level, are in blue font, while putative viruses without any official classification yet are in red
365 font. b Plant-virus-sample pool tripartite network, showing the connectivity of the subset of
366  viruses detected in weeds with associated hosts. Shown in the network is the subset of novel
367  viruses detected in weeds by HTS, which were further associated with specific host species
368  (NCBI taxonomy IDs are shown) using RT-PCR assays or deduction from HTS data (for
369  tomato, which was not pooled with other species). Virus names in blue font are those detected
370  in both tomato and weed samples by HTS and RT-PCR. Credit: Images and icons used in the
371 figure were from www.freesvg.com, and are under Public Domain (CCO license,

372 https://creativecommons.org/licenses/publicdomain/).

373  To gain further insights on the population genomic diversity of the most prevalent tomato
374  viruses, we examined populations of 12 viruses (viruses for which we were able to assemble at
375  least three full genomes). STV, ToMV, TMaV and TSWV showed the narrowest range of
376  pairwise nucleotide identities, lowest nucleotide diversity and number of polymorphic sites,
377  while Physostegia chlorotic mottle virus (PhCMoV), RWMYV, and potato virus S (PVS) have a
378  moderate level of diversity (Fig 3a, Supplementary Tables 11-22). PVY, CMYV, potato virus M
379 (PVM), tomato betanucleorhabdovirus 2 (TBRV?2), and tomato vitivirus 1 (TomV1) showed
380  wide range of pairwise nucleotide identities and high number of polymorphic sites (Fig 3a,
381  Supplementary Tables 11-22). Sliding window analysis of nucleotide diversity for two novel
382  tomato viruses found in Slovenia (TBRV2 and TomV1), did not pinpoint specific regions of
383  their genomes that might be more variable than others (Fig. 3b-c). Divergent lineages detected
384  for both TBRV2 and TomVl1, resulted in a high genome-wide variability depicted as

385  fluctuations of nucleotide diversity along the genome (Fig. 3b-c).
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391 (-)ssRNA viruses in tomatoes and weeds: discovery of novel orthotospovirus, an

392  ophiovirus, and a divergent bunya-like virus

393  Several (-)ssRNA viruses were detected in both, tomatoes and weeds. A novel orthotospovirus,
394  Mercurialis orthotospovirus 1 (MerV1), was detected in Mercurialis annua (Fig. 4a) in four
395 composite samples from three localities. Pairwise comparison of RNA-dependent RNA
396  polymerase (RdRp) amino acid (aa) sequences showed 72.4-76.0% identity of MerV1 to related
397  Tospoviridae species. MerV1 has genome segments similar to plant orthotospoviruses (Fig.
398  4b.e). Phylogenetic analyses based on conserved RdRp aa sequences of orthotospoviruses
399 revealed that MerV1 is related to viruses in phylogroup C (i.e., a clade of phylogenetically-

400  related orthotospoviruses) [61] (Fig. 41).

401 A novel fimovirus, Artemisia fimovirus 1 (ArtV1) was detected in Artemisia verlotiorum. It is
402 30.2-46.1% identical to related Fimoviridae species based on RdRp aa comparison, and has
403  genome organization similar to plant fimoviruses (Fig. 4a,c,f). Phylogenetic analyses with
404  known fimoviruses revealed that ArtV1 is related to Perilla mosaic virus, making it the fourth
405  member of the divergent phylogroup IV of Fimoviridae (i.e., a clade of phylogenetically-related

406  fimoviruses) [62,63] (Fig. 4i).

407 A novel bunya-like virus, closely related to Fimoviridae and Tospoviridae, was detected in
408  seven symptomatic tomatoes using RT-PCR assays, thus named tomato associated bunya-like
409  virus 1 (TaBLV1). Pairwise comparison of RdRp aa sequences showed that TaBLV1 is only
410  20.8-22.4% identical to closely related bunyaviruses, however, only L- and M-like genome
411  segments were found for TaBLV1 (L, M and S segments are characteristic of plant-infecting
412 orthotospoviruses) (Fig. 4a,g). TaBLV1 is more closely related to orthotospoviruses based on

413  RdRp phylogenetic analyses (Fig. 4i).
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We assembled for the first time, the full genome of RWMYV, which was previously detected in
tomatoes and peppers in Slovenia [57] (Fig. 4a,d,h). Using RT-PCR assays, RWMYV was
detected in three different localities, in eight tomatoes, and one S. nigrum, which is a newly
identified associated host. All RWMYV isolates form a single clade (100% bootstrap support
(BS)), but Slovenian isolates cluster separately (98.9% BS) from the Australian and Italian
subclade (96.6% BS) (Fig. 4j). For details of the pairwise comparisons, see Supplementary
Table 23-25. Phylogenetic trees where the subtrees in Fig. 4 were derived depicting
Tospoviridae and Fimoviridae families in one tree, and Aspiviridae with other related viruses
in one tree, are shown in Supplementary Fig. 4-01 and 4-02, where the GenBank accession

numbers of the sequences used in the analyses are also indicated.
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Figure 4

Figure 4 | Characteristics of (-)ssRNA viruses under family Tospoviridae, Fimoviridae, and

Aspiviridae, from the present study. a Selected photographs showing associated symptoms in

field samples that tested positive for the respective viruses in RT-PCR assays. b-d Heatmaps

showing the pairwise identities of selected viruses based on alignment and comparison of full
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length RdRp amino acid sequences. e-h Genome organization of the viruses presented herewith
showing the predicted open reading frames and protein products. i-j Maximum likelihood
phylogenetic trees based on the conserved RNA-dependent RNA polymerase (RdRp) amino
acid sequences of Tospoviridae and Fimoviridae also showing tomato associated bunya-like
virus 1 (i), and Aspivirdae (j). Branch length scale represents amino acid substitution per site.
Virus names and acronyms in blue bold font are the novel viruses, while those in black bold
font are known viruses from the present study. Indicated after the name or acronym are the
isolate IDs of the viruses. Full virus names of those abbreviated in the pairwise identity matrices

(b-d) can be found in the genome organization and phylogenetic trees (e-j).

Discovery of novel rhabdoviruses and their links to Solanaceae and Asteraceae hosts

In this study, nine novel rhabdoviruses were discovered in tomatoes and weeds. Using RT-PCR
assays, tomato alphanucleorhabdovirus 1 (TARV1), tomato betanucleorhabdovirus 1 (TBRV1)
and TBRV?2 were confirmed in tomatoes. Five were detected in Asteraceae weeds: P. echoides
(Picris betanucleorhabdovirus 1 (PBRV1), Picris cytorhabdovirus 1 (PiICRV1)), T. officinale
(Taraxacum betanucleorhabdovirus 1 (TarBRV1) and Taraxacum cytorhabdovirus 1
(TCRV1)), Cirsium arvense (Cirsium cytorhabdovirus 1 (CCRV1)). One cytorhabdovirus was
detected in Pastinaca sativa (Apiaceae) (Pastinaca cytorhabdovirus 1 (PaCRV1)). TarBRV1
and TCRV1 were found to be co-infecting a single T. officinale sample, and PBRV1 and
PiCRV1 co-infecting one P. echoides sample (Fig. 5a). Viruses were distinguished based on
pairwise comparison of full genome nucleotide (nt) sequences (Fig. 5b-d). All novel
rhabdoviruses have genomes typical of their genus, except for the highly divergent PICRV1,
which might have a putative bipartite genome, or the two contigs were not assembled together
in our analyses (Fig. 5e¢). PICRV1 is only 29.1-33.5% identical to closely related

cytorhabdoviruses, based on comparison of RdRp aa sequences (Supplementary Table 26-B).

23 of 56

95



56 Chapter 2. Scientific Publications

Rivarez et al.

453  Investigation of virus-host relationships was done by drawing links between rhabdovirus
454 phylogram and plant host cladogram (Fig. 5f). This revealed that rhabdoviruses from certain
455  clades are often associated with Solanaceae and Asteraceae plant hosts. In particular, a clade of
456  closely related alphanucleorhabdoviruses, including one discovered from this study (potato
457  yellow dwarf virus, joa yellow blotch virus, eggplant mottled dwarf virus, PhCMoV, TARV1),
458  was associated with eight plant species from family Solanaceae, both experimentally and as
459  natural hosts. A few associations of betanucleorhabdoviruses discovered in weeds (PBRV1,
460  TarBV1), and in tomatoes (TBRV1, TBRV2) with solanaceous plants were also found. Two
461 novel betanucleorhabdoviruses (PBRV1, TarBV1) from this study and one known virus
462  (Sonchus yellow net virus) were associated with three Asteraceae plants. For details of the
463  pairwise comparisons, see Supplementary Tables 26-28. An identical rhabdovirus phylogenetic
464  is shown in Supplementary Fig. 4-03, where the GenBank accession numbers of the sequences

465  used in the analyses are indicated.
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467  Figure 5 | Characteristics of novel (-)ssRNA viruses classified in family Rhabdoviridae
468  from the present study. a Photographs of samples that tested positive for selected novel
469  rhabdoviruses in RT-PCR assays. b-d Heatmaps showing the pairwise identities of species in
470  genus Alphanucleorhabdovirus (b), Betanucleorhabdovirus (c¢), and Cytorhabdovirus (d),
471  based on full genome length nucleotide sequences. Virus acronyms in blue bold font are the
472 novel rhabdoviruses, while those in black bold font are known rhabdoviruses from the present
473 study. Indicated after virus names and acronyms are the isolate IDs. e Genome organization of
474 novel rhabdoviruses discovered in the present study. Genome lengths are shown to scale. Open
475  reading frames (ORFs) and the proteins they code for are color coded accordingly. f Co-
476  phylogenetic tree (tanglegram) showing the phylogenetic relationships of novel rhabdoviruses
477  among known species (left tree), which are linked with associated plant host(s) indicated in
478  GenBank, shown on the right tree. Numerous links of well-supported clade of viruses to
479  taxonomically-related plants are highlighted in red. Maximum likelihood phylogenetic tree of
480  rhabdoviruses was constructed based on the conserved amino acid sequence of the RdRp.
481  Branch length scale represents amino acid substitution per site. The host cladogram was made
482  in phyloT (www.phylot.biobyte.de). In the virus tree, viruses associated with at least two plant
483  hosts are indicated by a blue circle. In the host tree, green circles are used to indicate plants that
484  are associated with two or more rhabdoviruses, and the host species names in bold green font
485  are those that have representative samples in the present study. The clades are separately color
486  coded and annotated for each tree. Full virus names of those abbreviated in the pairwise identity

487  matrices (b-d) can be found in the genome organization and phylogenetic trees (e, f).

488  Detection of a kitavirus in tomatoes and other known and novel Martellivirales species

489  The recently described tomato fruit blotch virus (ToFBV, Kifaviridae) [28,64,65], was detected
490  intwo symptomatic tomato leaf samples from Slovenia (Fig. 6a). Infectivity and possible vector

491  of ToFBV were not reported yet, and it is currently classified in the genus Blunervirus. Pairwise
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comparison of conserved RdRp aa sequences of blunerviruses (Fig. 6b), revealed high
molecular divergence among members, with only 30.9-41.3% pairwise identity between
species. Phylogenetic analyses using conserved RdRp aa sequences showed that all known

ToFBYV isolates from a single clade (100% BS) (Fig. 6k).

SnlV1, a recently described ilarvirus, was detected in Physalis sp., which is the sixth distinct
source association with the virus, aside from three other plant species (S. lycopersicum, S.
nigrum, and an unidentified legume plant) [23,29], and grapevines infected with a fungus
(Erysiphe necator) and an oomycete (Plasmopara viticola) [66,67]. PrVI, recently discovered
in sweet cherry [68], was detected in our study in P. echoides, co-infected with PICRV1.
Pairwise comparison of RdRp aa sequences of the isolates of SnIV1 and PrVI from this study
showed that they are >98% identical to other isolates of each species (Fig. 6¢). A novel
subgroup II ilarvirus, tomato ilarvirus 1 (TIV1), was detected in an asymptomatic tomato
sample, and is at most 83.3% identical to closely related ilarviruses based on RdRp aa sequence

comparison (Fig. 6d,h).

Three new Closteroviridae species were detected in weeds through HTS (Fig. 6e,f,i). Two new
alphaendornaviruses with their typical protein domains were also discovered, one of which is
from a pool of symptomatic tomatoes (Fig. 6g.j). Novel ilarvirus, closterovirus and
alphaendornavirus all form distinct phylogenetic clades with related viruses (>60% BS) (Fig.
6l-n). For details of the pairwise comparisons, see Supplementary Tables 29-33. Expanded
versions of the collapsed phylogenetic trees in Fig. 6 are shown in Supplementary Fig. 4-04,
05, 06, and 07, where the GenBank accession numbers of the sequences used in the analyses

are indicated. Details of InterPro domain search are in Supplementary Tables 43-44.
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Figure 6 | Characteristics of (+)ssRNA viruses in families Kitaviridae, Bromoviridae,
Closteroviridae, and Endornaviridae from the present study. a Photograph of one of the
symptomatic tomato samples that tested positive for ToFBV in RT-PCR assays. b-g Heatmaps
showing the pairwise identities to distinguish different Kitaviridae (b) and Bromoviridae (c, d)
species based on alignment and comparison of RdRp amino acid sequences, members of
Closterovirus genus (e) based on full genome nucleotide sequences, members of Crinivirus
genus (f) based on full RNA1 segment nucleotide sequence, and members of
Alphaendornavirus (g) based on full genome nucleotide sequences h-j Genomes of the novel
viruses, with the predicted open reading frames, protein domains, and genome size. k-n
Maximum likelihood phylogenetic trees constructed based on the conserved amino acid
sequence of the RdRp of (k) Kitaviridae, (1) Bromoviridae, (m) Closteroviridae, and (n)
Endornaviridae. Branch length scale represents amino acid substitution per site. Indicated after
the acronym are the isolate IDs of the viruses. Virus names and acronyms in blue bold font are
the novel viruses, while those in black bold font are known viruses from the present study. Full
virus names of those abbreviated in the pairwise identity matrices (b-g) can be found in the

genome organization and phylogenetic trees (h-n).

Characteristics of a new tobamovirus, and a divergent tobamo-like virus species

A new tobamovirus, Plantago tobamovirus 1 (PTV1), was discovered in Plantago major (Fig.
7a), and percent pairwise identities based on whole genome nt sequences revealed that PVT1
is 80.4-85.7% identical to closely related tobamoviruses, which is below the current species
demarcation at <90% (Fig. 7b). PTV1 has genome composition and organization typical of
tobamoviruses (Fig. 7¢). Maximum likelihood phylogenetic analyses using conserved methyl
transferase-helicase aa sequences showed that PTV1 is closely related to ribgrass mosaic virus
(RMV), turnip vein clearing virus (TVCV), youcai mosaic virus (YoMV), and wasabi mottle

virus (WMoV) (Fig. 7h, highlighted in yellow). Phylogenetic analyses using full nt genome
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540  sequences of all known isolates from this tobamovirus clade including RMV, TVCV, YoMV,
541 WMoV revealed relatedness but distinct divergence of PTV1 from the RMYV clade (Fig. 71). By
542  superimposing information on host and country of origin (Fig. 71), we found that aside from
543  PTVI, P. major (Plantaginaceae) is a common host for RMV from Germany, and for RMV and
544  TVCV in another eco-geographically distinct country, New Zealand [69,70]. Systemic infection
545  with disease symptoms, which was confirmed by RT-PCR, was observed in Nicotiana
546  benthamiana and Nicotiana clevelandii that were mechanically-inoculated with PTV 1-infected
547  P. major leaf tissues. Inoculated tomato plants remained asymptomatic, however, PTV1 was
548  detected by RT-PCR in systemic leaves until 28 dpi but not at 35 dpi and beyond (Fig. 7e-g,
549  Supplementary Fig. 5), which might be a consequence of either transient infection or cross-
550  contamination during the experiment. Transmission electron microscopy of a N. clevelandii
551 infected plant revealed PTV1 virions that are rigid rods, typical for tobamoviruses (Fig. 7f).
552  HTS of the same plant confirmed the presence of PTV1 in systemic tissues (Supplementary

553  Fig.5).

554 A tobamo-like virus, PaToLLV1, was detected in symptomatic tomatoes and in Convolvulus
555  arvensis (Fig. 7a). Pairwise identity analysis using RdRp aa sequences showed that PaToLV1
556  is <31% identical to Plumeria mosaic virus (Tobamovirus), tobacco rattle virus (Tobravirus)
557  and Beihai chrarybdis crab virus 1 (BCCV 1, unclassified Riboviria) (Supplementary Table 35).
558 PaToLV1 has genome structure similar to BCCV1, except for an additional unknown open
559 reading frame (ORF) (Fig. 7d). Phylogenetic analyses based on the RdRp and CP aa sequences
560  both revealed that PaToLV1 isolates form a monophyletic clade, which is clustered together
561  with BCCVI (Fig. 7h). For details of the pairwise comparisons, see Supplementary Table 34-
562  35. Detailed version of the Virgaviridae phylogenetic trees in Fig. 7 are shown in
563  Supplementary Fig. 4-08-A (methyl transferase, helicase-based) and Supplementary Fig. 4-08-

564 B (coat protein-based), where the GenBank accession numbers of the sequences used in the
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565 analyses are indicated. Details of InterPro domain search for virus genomes are in

566  Supplementary Tables 45-46.
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568  Figure 7 | Characteristics of (+)ssRNA viruses in family Virgaviridae from the present
569 study. a Selected photographs of samples that tested positive in RT-PCR assays for the viruses
570  presented herewith. b Heatmap of pairwise identities of Tobamovirus (Virgaviridae) species
571  based on full genome nucleotide sequences. ¢, d Genome organization and read coverage of
572 novel viruses showing the open reading frames, and the proteins they code for. e Photographs

573  of the PTV1 inoculated symptomatic plants and mock inoculated control plants. f
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574  Electronmicrograph showing particle morphology of PTV1. g RT-PCR assays of test plants
575  inoculated with Plantago tobamovirus 1 (PTV1). h Maximum likelihood phylogenetic trees
576  constructed based on the conserved amino acid sequence of methyl transferase-helicase (left)
577  and coat protein (CP) (right). The phylogenetic congruence of the methyl transferase-helicase-
578  based tree (left) is demonstrated by line connecting identical viruses to the CP-based tree (right).
579  Congruent clades with >60% bootstrap support are highlighted (light blue). The clade of viruses
580  closely related to PTV1 is highlighted in yellow. i Maximum likelihood phylogenetic tree,
581  based on full genome nucleotide sequences, of all the isolates of a subgroup of tobamoviruses
582 including PTV1. Virus names and acronyms in blue bold font are the novel viruses from the
583  present study. Indicated after the acronym are the isolate IDs of the viruses. Branch length scale
584  represents amino acid (h) or nucleotide substitution (i) per site. The hosts or isolation sources
585  of the viruses as indicated in NCBI GenBank, and the countries and dates of collection are

586 indicated. Full virus names of those abbreviated in (b) and (i) are indicated in (c¢-d) and (h).

587  Characteristics of novel Potyviridae species, and crop-infecting potyviruses found in weeds

588  Aside from PVY, two known potyviruses (WMV and CTLV), previously detected in Slovenian
589  crops and ornamentals [71,72], were detected in pools of weed plants from this study. Full
590  genomes of these viruses were detected in composite samples from five different tomato farms,
591  encompassing two localities in the Primorska region (SW Slovenia: Koper, Piran). Henbane
592  mosaic virus, previously found in tomatoes from Slovenia[56], was detected in a composite
593  sample of open field-grown symptomatic tomatoes. Three novel members of Potyviridae
594  (Mentha macluravirus 1 (MenMV1), Plantago potyvirus 1 (PlaPV1) and Rumex potyvirus 1
595 (RumPV1)) were discovered in weeds showing virus disease-like symptoms (Fig. 8a). Pairwise
596  comparison of full-length (nt, aa) polyprotein ORF distinguished the new species from the
597  known ones based on molecular demarcation criteria for Potyviridae (<82% aa, <76% nt) [73]

598  (Fig. 8b-e). The genome and polyprotein ORF of novel potyviruses were characterized, and all
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protein domains, typical of macluraviruses and potyviruses were found (Fig. 8f). Phylogenetic
analyses based on conserved RdRp aa sequence placed MenMV1 in a clade with artichoke
latent virus and Narcissus latent virus (100% BS) (Fig. 8g). PlaPV1 was placed in a clade with
cucurbit vein banding virus (83.1% BS), and RumPV1 was placed in a clade with lotus latent

virus and Calystegia hederacea virus (100% BS).

Two different lineages of broad-leafed dock virus A (BDVA), were also detected. A lineage
with a considerably low pairwise identity compared with original isolate (86.6% aa, 76.0% nt)
was found in Rumex crispus. For details of the pairwise comparisons, see Supplementary Tables
36-37. An expanded version of the collapsed Potyviridae phylogenetic tree in Fig. 8, is shown
in Supplementary Fig. 4-09, where the GenBank accession numbers of the sequences used in
the analyses are indicated. Details of protein domain and cleavage site search for virus genomes

are in Supplementary Table 47.
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612  Figure 8 | Characteristics of (+)ssRNA viruses from family Potyviridae from the present
613  study. a Selected photographs of samples that tested positive in RT-PCR assays for the viruses
614  presented herewith. b-e Heatmaps of the pairwise identities of Macluravirus and Potyvirus
615  species based on alignment and comparison of full genome nucleotide sequences (b-¢) and

616  based on full polyprotein amino acid sequence (d-e). f Genome organization with predicted
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cistrons and read coverage for novel potyviruses from this study. g Maximum likelihood
phylogenetic tree based on the alignment of conserved RdRp amino acid sequence of RefSeq
species from the Potyviridae family. Branch length scale represents amino acid substitution per
site. Virus names and acronyms in blue bold font are the novel viruses, while those in black
bold font are known viruses from the present study. Indicated after the acronym are the isolate
IDs of the viruses. Full virus names of those abbreviated in the pairwise identity matrices (b-e)

can be found in the genome organization and phylogenetic trees (f-g).

Known tomato tombusviruses, and discovery of new Tombusviridae species and

tombusvirus-like associated RNAs in weeds

Genomes of three known members of Tombusviridae (tomato bushy stunt virus (TBSV),
tobacco necrosis virus A (TNVA), olive latent virus 1 (OLV1)), and partial genome of olive
mild mosaic virus (OMMYV), were assembled from sequences derived from composite tomato
samples. Five new viruses classified in four different Tombusviridae genera were discovered in
weeds showing virus disease-like symptoms (Fig. 9a). These include two new umbraviruses
(Pastinaca umbravirus 1 (PasUV1) and Picris umbravirus 1 (PicUV1)), one new aureusvirus
(Convolvulus aureusvirus 1 (ConAV1)), one new pelarspovirus (Calystegia pelarspovirus 1
(CalPV1)), and one new alphacarmovirus (Cichorium alphacarmovirus 1 (CicAV1)). Three
sequences, with similarity to self-replicating, coat-dependent RNA replicons, called
tombusvirus-like associated RNAs [74], were also detected in composite weed samples.
Pairwise comparisons of full genome nt or RdRp (replicase) aa sequences were done, whichever
is appropriate for species demarcation (Fig. 9b-f). Genome organization typical for the genera
was determined for the new Tombusviridae members. Novel unknown ORFs were detected in
Picris umbravirus 1 and CalPV1 (Fig. 9g). Genome compositions and organizations of new
tombusvirus-like associated RNAs were similar to those previously described [74], except for

the two plant associated tombusvirus-like RNA 1 isolates, in which ambisense ORFs were

350f 56

67



68 Chapter 2. Scientific Publications

Rivarez et al.

642  detected. Phylogenetic analyses placed the novel tombusvirus-like associated RNAs in a clade
643  with Arracacha latent virus E associated RNA, a member of subgroup III tombusvirus-like
644  associated RNAs (78.7% BS) [74]. Novel tombusviruses were likewise placed in clades with
645  known species of their respective genera (>60% BS) (Fig. 9h). For details of the pairwise
646  comparisons, see Supplementary Tables 38-42. An expanded version of the collapsed
647  Tombusviridae phylogenetic tree in Fig. 9, with providence virus (Carmotetraviridae) as
648  outgroup, is shown in Supplementary Fig. 4-10, where the GenBank accession numbers of the

649  sequences used in the analyses are also indicated.

Page 36 of 56



2.2. In-depth Study of Tomato and Weed Viromes Reveals Undiscovered Plant Virus Diversity

650
651

652

653

654

in an Agroecosystem

69

Rivarez et al.

Pastinaca sativa

Pastinaca umbravirus 1 (+) Convolvulus arvensis
Convalvulus

aureusvirus 1 (+)

Picris echoides
Picris umbravirus 1 (+)

Cichorium intybus
Cichorium alpha-
carmovirus 1 (+

Calystegia sp. Calystegia pelarspovirus 1 (+)

Note: There are ofher virsses delected i the sequencing pools (e,
55508 o achan o vises on 1 SPOGHS Sampe shomn.

h  Branch length scale: 0.5 ——

Scale: (Note: No species level

100 dalamﬂ‘(:ziun is se!m‘ul for
plant tombusvirus-like Bootstray
PTaR1 kor2osw l at ted RNAs. Full virus Euppnrl:p
PTaR1 POR18SW EH names are indicated in h) e
70%

PTaR2 KOR20SW
PTaR2 POR19SW

level demarcation is set at
irus names are indicated in h)

c

CMoV

PasUV1 KoR20SW
PasUV1 por1asw
CMoMV
IxYMaVv2

PicUV1 por19sw
PicUV1 BoL20SW

MWLMV 61 61 61
JCSMV 61 61 61

(Note: Species level demarcation is set at
<75%. Full virus names are indicated in h)

e
PelRSV
PLPV
RrLDV CicAV1 BoL19sW
PCRPV CicAV1 Jurz0sW2

CalPV1 KOR208W CicAV1 soL20sw

CalPV1 kop20sw2
CICMV

g Gene/ ORF color key:

Supprassor
[l Umbraviruslong distance BB Pelarspovirus MP1
movement protein (MP) | Pelarspovinus MP2
11 Umbravirus cell-to-cell MP
2900 fre g0

poston (5--2) 140 x 0

plant tombusvirus-like associated RNA 1 296

(readtbrough siop codon)

—
plant tombusvirus-like associated RNA 2 252w

reacthrough siop codon)

“
plant tombusvirus-like associated RNA 3 2se

(1 framesnit mutation)

Pastinaca umbravirus 1 428

(-1 Frameshi mustaton) J—
————-—

|(readmrougn stop cadon)

Picris umbravirus 1 136

Convolvulus aureusvirus 1 43sn

(rearithraugh stop codon)

L .
Calystegia pelarspovirus 1 399

|ireadteough stop codon)

Cichorium alphacarmovirus 1 387

umbra-like associated RNAs (n=7)

other tombusvirus-like associated RNAs (n=9)

- - plant tombusvirus-like associated RNA 2 (PTaR2) POR19SW
- - plant tombusvirus-like associated RNA 2 (PTaR2) KOR20SW
- - - plant tombusvirus-like associated RNA 3 (PTaR3) KOR20SW
- Arracacha latent virus E associated RNA (ALV-E)
- plant tombusvirus-like associated RNA 1 (PTaR1) POR195W
- plant tombusvirus-like associated RNA 1 (FTaR 1) KOR20SW
- pea enation mosaic virus 2
- tobacco bushy top virus
- groundnut rosette virus
- Ixeridium yellow mottle virus 2 (ixyMav2)
- Picris umbravirus 1 (Picuv1) POR19SW
- Picris umbravirus 1 (Picuv1) BOL20SW
- carrot mottle mimic virus (CMov)
- carrot mottie virus (CMov)

- Pastinaca umbravirus 1 (Pasv1) POR19SW

- Pastinaca umbravirus 1 (Fasuvi) KORZ0SW
- - oat chlorotic stunt virus (Avenavirus)

Dianthovirus (n=3)
rose spring dwarf-associated virus

barley yellow dwarf virus S, aranch
- nectarine stem pitting associated virus  — yUmbravius
- bean leafroll virus — Lutoovirus
soybean dwarf virus — Aureusvirus
IWIDOIH dwarf virus mRz0sw L
- apple luteovirus 1 — S ¢
- cherry associated luteovirus - i‘?fﬁrﬁp‘?’u e

- apple-associated luteavirus

—-qsehcnmwvﬁm: (n=3)

- - -rice virus a

- - maize white line mosaic virus (MwLMV)

- - - johnsongrass chlorotic stripe mosaic virus (JCSMV)
- - Convolvulus aureusvirus 1 (ConAv1) BOL20SW

- Pothos latent virus (PoLV)

- yam spherical virus (Ysv)

- cucumber leaf spot virus (CLSV)

- maize necrotic streak virus (Zeavirus)

- cucumber Bulgarian latent virus.

- eggplant mottled crinkle virus

- cucumber necrosis virus

- Cymbidium ringspot virus.

- Pelargonium leaf curl virus

- tomato bushy stunt virus

- tomato bushy stunt virus STR20ST1

-tomato bushy stunt virus BUK19ST

- Galinsoga mosaic virus (Gallantivirus)

- Furcraea necrotic streak virus (Macanavirus)

- potato necrosis virus

- Beta vulgaris Alphanecrovirus-1

- corn salad necrosis virus

- tabacco necrosis virus a

- tobacco necrosis virus a PAR19AT

- olive mild mosaic virus

- olive latent virus 1 PAR19AT

- olive latent virus 1

- olive latent virus 1 koPzosT

- olive latent virus 1 koP1esT

- - maize chiorotic mottle virus (Machlomovirus)

Panicovirus (n=4)

- - - Calystegia pelarspovirus 1 (CalPV1) KORZOSW
- - - Calystegia pelarspovirus 1 (CalPV1) KOP20SW2
- Clematis chlorotic mottle virus (CicMv)

- - - Pelargonium line pattern virus (PLPV)

- - Pelargonium ringspot virus (PelRsv)

- - - Rosa rugosa leaf distortion virus (RrLDv)

Virus (CbMV)

- Saguaro cactus virus (Sgcv)

- Angelonia flower break virus

- - -carnation mottle virus (Carmv)

- - Pelargonium flower break virus (PFev)

- - honeysuckle ringspot virus (HoRsv)

- - Cichorium alphacarmovirus 1 (CicAvi) BOL18SW
- - Cichorium alphacarmovirus 1 (CicAv1) JUR20SW2
- - Cichorium alphacarmovirus 1 (Cicav1) BOL20SW

Figure 9

Figure 9 | Characteristics of (+)ssRNA viruses in family Tombusviridae from the present

study. a Selected photographs of samples that tested positive in RT-PCR assays for the viruses

presented herewith. b-f Heatmaps of pairwise identities of plant tombusvirus-like associated

RNAs based on alignment and comparison of RdRp amino acid sequences (b), Umbravirus
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655  species based on full genome nucleotide sequences (¢), Aureusvirus species (d), Pelarspovirus
656  species (e), and Alphacarmovirus species (f) based on RdRp amino acid sequences. g Genome
657  organization of novel Tombusviridae species and tombusvirus-like associated RNAs from this
658  study. Open reading frames (ORFs) and the proteins they code for are color coded accordingly.
659  h Maximum likelihood phylogenetic tree based on the conserved amino acid sequence of RdRp.
660  Virus names and acronyms in blue bold font are the novel viruses, while those in black bold
661  font are known viruses from the present study. Indicated after the acronym are the isolate IDs
662  of the viruses. Branch length scale represents amino acid substitution per site. Full virus names

663  of those abbreviated in the pairwise matrices in (b-f) are in the phylogenetic tree (h).

664  Discovery of other numerous viruses, satellite RNAs, and viroid-like circular RNAs

665  Aside from viruses mentioned above, a diverse set of 37 classified known and novel viruses,
666 21 putative virus-like Riboviria species (i.e., cannot be classified in known virus taxa), and four
667 known and new satellite RNAs were also detected (Supplementary Table 5). Genome
668  organization of these viruses and phylogenetic trees including the viruses are shown in
669  Supplementary Fig. 1 and 4. Aside from STV, other dsRNA viruses were discovered, including
670  six new Partitiviridae members from weeds, two of which were detected in 2019 and 2020 at
671 the same farm. Three new Totiviridae members were discovered, two of which are
672  phylogenetically related to plant-associated members of the family. Circular DNA viruses were
673  discovered, including two new caulimoviruses found in weeds, and partial genome of a new
674  geminivirus (Calystegia geminivirus 1), from a symptomatic Calystegia sp. sample co-infected
675  with CalPV1. To our knowledge, this could be one of the few geminiviruses in wild plants from
676  Europe, since the majority of geminiviruses were found in Asia and the Americas [75]. Several
677  other (+)ssRNA viruses were also discovered and classified under Alphaflexiviridae (n=1),
678  Dicistroviridae (n=3), Iflaviridae (n=1), Secoviridae (n=5), and Solemoviridae (n=3). The new

679  alphaflexivirus (Pastinaca potexvirus 1) was detected in a P. sativa sample co-infected with
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PasUV1 and PaCRV1. One new satellite virus (tomato albetovirus 1) and new satellite RNA
(TBSV satellite RNA C), associated with Tombusviridae species [76,77], were detected in
tomatoes. Six putative virus-like sequences detected were previously associated with arthropod
[4], fungi [66], or oomycete [67] hosts, while other 15 are highly divergent ones with
unidentified hosts. Using a custom discovery pipeline based on SLS-PFOR2 [45], we
assembled and screened 4249 circular RNAs, and identified 344 viroid-like candidates
(Supplementary Table 6). Five viroid-like circular RNAs were preliminarily selected, based on
predicted secondary structure, %GC content, and degree of branching. Genome circularity was
confirmed for Taraxacum viroid-like circular RNA 1 (Supplementary Fig. 2), which was

detected in a T. officinale sample co-infected with TarBV1.

Discussion

Virus diversity in specific crops is relatively well-studied compared to weed plants or crop’s
wild relatives [20,21]. A few studies used HTS to uncover virus diversity and possible
exchanges in the cultivated and wild compartments of agroecosystems [23,29]. Here, we
detected 37 known and 55 novel viruses, which were classified in established virus taxa, and
33 unclassified Riboviria members. This indicates a highly understudied diversity of novel
viruses in an agroecosystem, especially in weeds that might serve as reservoirs of viruses that
could infect crops. This study represents the largest survey of viromes of diverse weed species
within tomato agroecosystems or any cropping system. Forty-six novel viruses classified in
known taxa, and additional 19 novel unclassified viruses, were detected in weeds, some of
which are also present in tomatoes (e.g., PaToLV1, LtaRLV1). Overall, the viromes were
dominated by 60 (+)ssRNA viruses (under Martellivirales, Potyviridae, and Tombusviridae)
and 17 (-)ssRNA viruses (under Mononegavirales). Another study looked at the exchanges of
viruses between tomato and a wild relative, S. nigrum, in France, wherein PVY and SnIV1 were

found to be present in both, cultivated and wild compartments [23]. Here we observed the same
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705  pattern, finding PVY and SnIV1 in tomato and a weed (Physalis sp.), and in addition, we
706  identified new weed hosts of viruses found in tomatoes, such as RWMYV in S. nigrum. We also
707  detected in weed samples known viruses of other crops, which were previously detected in the
708  country (e.g., WMV, CTLV). The detection of crop-infecting viruses in weed plants implies

709  the possible role of weeds as wild reservoirs and alternate hosts for such viruses [78].

710  In this study, around two-thirds (60/92) of the known and novel classified viruses detected were
711  found exclusively in weeds surrounding tomato farms, 22 were found exclusively in tomatoes,
712 and 10 viruses were found both in weed and tomato samples. The shared viruses include both
713 generalist viruses (i.e., viruses with known wide host range that includes wild plants) some of
714  which are also important pathogens of tomatoes [15] (e.g., TSWV, CMV, PVY). Overall, a
715  small proportion of viruses was associated with plants from different families, which might
716  suggest a wide host range for these viruses. Associated host plants were further confirmed using
717  RT-PCR for 36 out of all 125 viruses detected, of which, only three (i.e., TMaV, PaToLV, and
718  Rumex potyvirus 1) were associated with at least two plants from different botanical families.
719 Such small proportion of generalist viruses is consistent with previous hypotheses that most
720  viruses evolved and settled as specialists that are only adapted to a few hosts (i.e., have narrow
721  host ranges), because of the fitness cost and evolutionary constraints associated to a generalist
722 lifestyle [79]. This also implies presence of possible barriers for host-switching that could be
723  established in the course of virus-host co-evolution [11]. Nevertheless, in this study, we
724  collected just a portion of larger plant diversity and did not confirm plant infectivity of these
725  viruses. Thus, post-discovery characterization and extending sampling and analysis to other

726  crops and weeds, will help confirm these hypotheses.

727  Viruses infecting plants may not cause any disease symptoms, because of a rather neutral or
728  beneficial interaction with its host, latent infection, host resistance, or modulation of

729  environmental factors [10,80]. A previous study of tomato viruses in China focused only on
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symptomatic samples [25]. In our study, HTS and RT-PCR assays further revealed viruses that
are shared between tomatoes and weeds, and those that were detected in both asymptomatic
and symptomatic tomatoes. In tomatoes, 45 different viruses were detected, 18 of which were
found in both asymptomatic and symptomatic tomatoes. This observation has an important
implication when aiming to capture a significant breadth of virus diversity through sampling
across ecosystem scales. This observation also gave important insights on possible symptom
masking due to virus-tomato-environment interactions leading to latency, or due to host

resistance or tolerance.

Monitoring virus diversity and evolutionary dynamics of economically important and
widespread viruses could help anticipate emergence of new variants, thus preventing disease
outbreaks [30]. Here, we investigated the molecular diversity of viruses based on full genome
nucleotide identities, and variability among virus isolates based on genome-wide polymorphic
sites and nucleotide diversity scanning. These were determined on the most prevalent viruses
in tomatoes, wherein some were detected for the first time in Slovenian tomatoes and are present
in several localities, such as TMaV. Low diversity was observed among the isolates of ToMV
and the persistent STV, which is consistent with previous reports on their global diversity
[81,82]. TSWV, in contrast to its considerable diversity at the global scale [83], showed low
diversity in the samples analyzed here.. Sequenced genomes of PVY, CMV, PVM, PhCMoV,
RWMYV showed moderate levels of variability. PhCMoV is a recently detected, and widespread
pathogen of tomato and other crops in Europe, where considerable level of diversity was
observed among the isolates [84,85]. RWMYV was recently detected in Slovenian peppers and
tomatoes, where isolates showed moderate diversity as well [57]. Moreover, two new viruses
(TBRV2, TomV1) associated with tomatoes, showed high level of variability, which might
imply that these viruses are circulating in the area for a long time already and/or are undergoing
diversifying evolution. Further diversity and evolution studies of viruses found in tomatoes in

our virome survey, such as ToFBV, PhnCMoV, TMaV, SnlVl, RWMV, TBRV2, and TomV1
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756  would bring insightful information about the nature of the observed variations, e.g., if they are
757  the result of neutral processes or are subjected to different kind of selection pressures and/or

758  possible ongoing adaptation to tomato.

759  We observed high diversity of novel viruses at higher taxonomical levels. The most illustrative
760  example is detection of 11 rhabdoviruses, of which 9 are newly discovered species. Three new
761  rhabdoviruses phylogenetically-related to plant rhabdoviruses were associated with tomato,
762  which increases the count of known tomato rhabdoviruses from two to five. In weeds, six new
763  rhabdoviruses were detected, primarily associated with Asteraceae species. Our observations
764  added to the discoveries made in other studies, e.g., a recent discovery of 27 new viruses that
765  are phylogenetically-related to plant rhabdoviruses through homology searches in the
766  transcriptome shotgun assembly database of NCBI [86]. Some rhabdoviruses are known to
767  replicate in its arthropod vector as well [87], thus, further infectivity tests are needed to confirm

768  their infectivity and pathogenicity in associated plant hosts.

769  Among the most economically important viruses of tomato, tobamoviruses are the most
770  problematic in recent years, due to the emergence of ToBRFV [16]. We detected a novel
771  tobamovirus (PTV1) in Plantago major surrounding a greenhouse farm in Slovenia. We
772  demonstrated the systemic infection of PTV1 in various Solanaceae hosts, but more extensive
773  biological and genetic characterization is needed to understand its biological characteristics.
774  Nevertheless, such discovery calls for further research on risks associated with tobamoviruses
775  as one of the major causes of disease outbreaks in tomato and other solanaceous crops [15]. A
776 novel tobamo-like virus (PaToLLV1) was also detected in tomatoes and in Convolvulus arvensis.
777 A previous study showed the evolutionary relationship of the most similar known virus,
778  BCCVIL, to Virgaviridae and Martellivirales families [4], which could also be the case for

779  PaToLVl1.
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Moreover, besides viruses, we also attempted to uncover new viroid-like agents in our dataset,
with the aim to contribute to their possibly still undiscovered diversity [45]. We obtained five
candidate viroids, wherein one was experimentally confirmed to be circular and structurally
similar to members of Avsunviroidae due to the presence of a hammerhead ribozyme motif
[88]. These results suggest that further research in this direction and development of new
bioinformatics tools for viroid discovery within sequencing datasets could uncover even larger

hidden diversity of these non-protein coding pathogenic agents.

Aside from studying virus diversity and evolution, understanding of host-virus co-evolutionary
relationships is also essential in predicting possible virus emergence through host-switching
[89]. We observed an association of a clade of closely related alphanucleorhabdoviruses with
plant species from family Solanaceae. However, the general topology of tanglegram suggested
discordant evolutionary historic events between plant rhabdoviruses and their hosts, which is
similar to what was previously shown in animal/insect rhabdoviruses [89]. Likewise, we found
frequent association of different but related viruses with a single plant host. This is the case of
Plantago major, which was associated with PTV1, RMV, and TVCV isolates from four
different countries from two very distinct eco-geographical regions. This subgroup was
originally associated with brassica hosts [90] and recently, as reported in this study, with several
Plantaginaceae and Actinidiaceae plants. This observation indicates a possibility of virus spread
through introduction of plants, followed by diversifying evolution through a mix of

confounding environmental and host-related factors [91].

Conclusions

Viruses, viroids and other virus-like agents are well-studied in crops, but known to a much
lesser extent in non-crop plants. Their phytosanitary implications and economic importance in
crops such as tomato [15], resulted to an increased interest to discover novel species. Here, we

presented an extensive viromics study, where we uncovered the vast diversity of viromes of
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805  plant species in defined agroecosystems linked with tomato production. Similar systematic
806  surveys in various crop agroecosystems, which could also include fungal, oomycete, arthropod
807  or nematode vectors and environmental media, such as soil and water should, in the future,
808 provide more virome data from still undescribed compartments of agroecosystems.
809  Collectively, this will help uncover of the fraction of unknown viruses in the global virosphere
810  [92], and including their yet unknown ecological interactions and agroecosystem functions
811 [8,9]. Overall, our study contributed valuable information that will, in future studies, help
812  predict possible virus emergence in the wild-cultivated agroecological interface, a zone of

813  possible virus spillovers and disease outbreaks [11,31,32].

814  Supplementary information

815  Additional File 1: Supplementary Table 1. Individual plant samples, their species names,
816  corresponding plant families and sampling locations. Supplementary Table 2. Composite
817  samples used in high-throughput sequencing, their composition, year of collection, farm type
818  and other associated information. Supplementary Table 3. Sequence read archive (SRA)

819  metadata of the sequencing experiments, read counts, and other associated information.

820  Additional File 2: Supplementary Table 4. List summarizing all viruses detected in the
821  composite samples. Supplementary Table 5. List of analyses done in the reconstruction and
822  identification of individual virus genomes. Supplementary Table 6. List of circular RNAs
823  assembled using a custom pipeline based on SLS-PFOR2, with filtering using BLASTn and

824  BLASTX searches.

825  Additional File 3: Supplementary Figure 1. Genome organization of novel viruses, first full
826  genomes of known viruses showing known and putative open reading frames and the protein
827  they code for and predicted secondary structures of selected viroid-like circular RNAs detected

828  in this study.
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Additional File 4: Supplementary Table 7. RT-PCR primers and PCR conditions used in
confirmation of associated plant hosts of selected viruses and putative viroids. Supplementary
Table 8. RT-PCR thermocycling conditions used in the detection of selected viruses and
putative viroids in associated plant hosts. Supplementary Figure 2. Orientation and annealing
sites of the primers designed for the amplification of the circular genome of Taraxacum viroid-
like circular RNA 1, and results of RT-PCR confirmation of the circular genome.
Supplementary Table 9. List of confirmed associated plant hosts of selected viruses and

putative viroids.

Additional File 5: Supplementary Figure 3. Representative field photos of confirmed

associated plant hosts of selected viruses and putative viroids.

Additional File 6: Supplementary Table 10. Model selection and other parameters used for
phylogenetic analyses. Supplementary Figure 4. Phylogenetic trees up to the virus family or

order level showing relationships of identified known and novel viruses in this study.

Additional File 7 (Data Source): Supplementary Table 11-22. Summary of all results from

the DnaSP v. 6 analyses.

Additional File 8 (Data Source): Supplementary Table 23-42. Summary of all pairwise

identity values from the SDT v. 1.2 analyses.

Additional File 9 (Data Source): Supplementary Table 43-47. Summary of all results from
the protein domain prediction using InterPro scans, and homology alignments with known

species of potyviruses to identify start and cleavage sites of proteins.

Additional File 10: Supplementary Figure 5. RT-PCR, TEM and nanopore sequencing

results on the confirmation of infectivity of Plantago tobamovirus 1 in solanaceous hosts.
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Pepper (Capsicum annuwin) and tomato (Selanum lycopersicum) plants
showing virus-like disease symptoms were collected in 2017, 2019, and 2020
in different parts of Slovenia. Total RNA was extracted from the leaf tissue
of individual samples using an RNeasy Plant Mini kit (Qiagen) and pooled
in four composite samples as follows: two pepper plants from 2017 (D2017),
five pepper and tfour tomato plants from 2019 (D2019_P1), seven tomato
plants (D2020_P1), and two pepper and four tomato plants (D2020_P3) from
2020. The pooled RNA samples were sequenced using Ilumina platforms
(details of the sequencing experiments are in the supplementary material).
Reads were analyzed using CLC Genomics Workbench (v. 20.0, Qiagen) fol-
lowing the pipeline for plant virus discovery (Pecman et al. 2017). Reads and
contigs mapping to Ranunculus white mottle ophiovirus (RWMYV) (GenBank
accession no. AY542957 or NC_(043389) were detected in all pools. The lon-
gest contig (1,255 bp) was obtained from the 2019 composite sample, which
mapped to the coat protein-coding RNA 3 segment of the RWMV genome
(accession no. AY542957). Details of mapping, genome coverage, and other
viruses detected in the pools are summarized in the supplementary material.
To identify individual RWMV-infected plants from the pools, PCR primers
were designed to target the coat protein gene. Two pepper samples from two

"Indicates the corresponding author.
D. Kutnjak; denis.kutnjak @nib.si

This article is in the public domain and not copyrightable. It may be freely reprinted
with customary crediting of the source. The American Phytopathological Society,
2022.
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different farms collected in 2017 and 2019 in southwest Slovenia and four ¢
tomato samples from two different farms collected in 2020 in central Slove-
nia tested positive for RWMV. To assess the diversity of RWMYV isolates,
amplicons were purified using QIAquick PCR purification kit (Qiagen) and
sent for Sanger sequencing. Based on maximum likelihood phylogenetic anal-
ysis, Italian and Slovenian RWMYV isolates form a monophyletic clade within
the genus. Pairwise nucleotide identities of the Slovenian isolates (accession
nos. MZ507604 to MZ507609) relative to the original Italian isolate coat pro-
tein (accession no. AY542957) range from 92 to 97%, indicating a moderate
level of diversity among isolates. Since only RWMYV, bell pepper alphaendor-
navirus (BPEV), and pepper cryptic virus 2 (PepCV2) were present in a pep-
per sample from 2017, and BPEV and PepCV2 infection in pepper are not
known to be associated with any disease symptoms (Okada et al. 2011; Saritha
et al. 2016), the symptoms observed on this plant might be associated with
RWMYV infection. We observed mottling with interveinal chlorosis or yellow-
ing, slight to full curling of leaves from lamina inward, as well as necrotic and
aborted flowers on this plant. We cannot easily associate observed symptoms
with RWMYV for RWMYV-positive tomatoes, since several viruses were
detected in the pools containing these samples. Nevertheless, the prominent
symptoms in tomato plants were mottling with interveinal chlorosis and leaf
curling, similar to those observed in pepper plants. RWMV was discovered
and characterized in buttercups (Ranunculus asiaticus) and detected in ane-
mones (Anemone coronaria) from Italy (Vaira et al. 1996, 1997, 2000, 2003).
It was recently detected in pepper plants from Australia showing veinal yel-
lowing (Gambley et al. 2019). Here, we detected RWMYV for the first time in
Slovenia and reported its first detection in tomato and pepper plants from
Europe. These findings call for further studies on the effects of RWMYV infec-
tion on tomato and pepper production and its monitoring in neighboring Euro-
pean countries.
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Chapter 3

Discussion

In the first publication, “Global Advances in Tomato Virome Research: Current Status
and the Impact of High-Throughput Sequencing”, we comprehensively collected all the
information on viruses reported to infect or be associated with tomato from the literature
and NCBI GenBank database. In addition, our study revealed that tomato is currently
associated with 312 different virus species, which is significantly higher than the previous
estimate of 136 viruses from more than a decade ago (Hanssen et al., 2010). These 312
viruses belong to 39 genera and 22 families. Among them are 220 species of DNA viruses,
mostly from the family Geminiviridae. Nevertheless, a very diverse set of RNA viruses,
comprising 84 species from 18 families, was also found. Eight viroids, from the Pospiviridae
family, are known to infect tomato. Collectively, this set of tomato viruses is likely the
largest recorded number of known viruses for any cultivated plant. Among these viruses,
many known and several recently discovered viruses cause significant economic damage to
tomato production in different parts of the world. This count was just recently updated
through additional searches in the 1KP database and an updated GenBank database,
bringing the current count to at least 485 different virus species (Wu et al., 2022), although
this count still needs thorough curation and verification.

Additionally, we also assessed how HTS influenced tomato virus discovery and post-
discovery characterization in the past decade (2011-2020) and provided insights into the
epidemiology and ecology of tomato viruses. Specifically, we evaluated the extent of follow-
up characterization studies (i.e., based on genetic, biological or ecological properties) on
newly discovered tomato viruses based on a published characterization framework and
criteria (Massart et al., 2017). We found 45 novel virus species discovered in tomato in the
recent decade (2011-2020), of which 14 were discovered using HTS. Through HTS, four
viral families were, for the first time, associated with tomato, i.e., Iflaviridae (Saqib et al.,
2015), Phenuiviridae (Lecoq et al., 2019), Kitaviridae (Ciuffo et al., 2020) and
Genomoviridae (de Nazaré Almeida dos Reis et al., 2020). Overall, we found out that the
completeness of post-discovery characterization of these viruses highly depends on their
economic and phytosanitary importance, and not solely on whether they were discovered
by HTS or not. For instance, for tomato brown rugose fruit virus (ToBRFV), which is an
emerging virus of significant economic importance (Oladokun et al., 2019; S. Zhang et al.,
2022), almost all characterization criteria were fulfilled in less than four years after its
discovery. Conversely, the extensive characterization of tomato necrotic stunt virus and
tomato mottle mosaic virus, which were the first tomato-infecting viruses discovered using
small RNA sequencing, required twice as much time as that of ToBRFV. With these
findings, we addressed the first aim (see Section 1.3) and were able to assess the current
body of knowledge on tomato viruses and how HTS influenced their discovery and
characterization. We also confirmed that our first hypothesis (see Section 1.4) is true: the
number of tomato viruses is underestimated and might represent one of the largest numbers
of distinct viruses associated with a certain plant.
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Overall, in this publication, we showed that HTS has accelerated the discovery of tomato
viruses in the past decade (2011-2020). However, more efforts are needed to further
understand the influence of these viruses on the health and phytobiome of tomato, and to
dissect their ecological and epidemiological properties. We emphasized that beyond
discovering and detecting viruses in tomato, HTS can enable an extended temporal and
spatial scale exploration of viromes of crops, surrounding plants, wild plants, vectors, and
environmental media (e.g., soil and water), and can help determine possible exchanges
among these parts of an ecosystem. We present a summary of information on economically
important, endemic and possibly emerging viruses of tomato for a wider audience, thus
disseminating basic important information for tomato virome research worldwide.

In the second publication, “In-depth study of tomato and weed viromes reveals
undiscovered plant virus diversity in an agroecosystem”, we build up on our global meta-
analyses of tomato virome research from the first publication and performed further
discovery and characterization research on viruses from tomato agroecosystems in Slovenia.

First, to address the second aim (see Section 1.3), we investigated the diversity of known
and novel viruses, satellite RNAs, and viroid-like sequences in tomato, and weeds
surrounding tomato growing areas in Slovenia. Specifically, we implemented a ribosomal
RNA (rRNA)-depleted total RNA HTS approach to obtain virus sequences from tomato
and weed plant metagenomes. Then, we implemented a bioinformatic pipeline to assemble,
identify, and characterize genomes of known and novel viruses from metagenomic data.
We distinguished viruses whether novel or known based on pairwise percent identities,
genome organization, and other molecular or genomic demarcation criteria set by the
ICTV. We also initiated efforts to develop an analysis pipeline for the assembly,
identification and structural characterization of viroid-like circular RNAs from
metagenomic data. A total of 293 tomato plants and 59 species (n=143, 18 families) of
mostly broadleaf dicotyledonous weed plants from six localities in Slovenia were collected
from 14 farms visited in 2019 and/or 2020. Our virome exploration from these plant
samples revealed 125 viruses, of which 37 were known and 55 were novel viruses that could
be classified up to known species taxa, and other 33 known or novel viruses not yet
classified under established taxa in Ribowviria, unclassified satellite RNAs, or viroid-like
circular RNAs. Among the viruses detected, we were able to contribute new knowledge in
the set of tomato viruses. We reported for the first time four known and 10 new species in
tomato, and we also reported for the first time, members of Vitivirus, Lispivirdae,
Picornaviridae and Albetovirus in tomato plants. Further inoculation assays are needed to
confirm their infectivity in tomato and other plant species. With these results, we were
able to show that previously established methods of HTS of rRNA-depleted total RNA
(Pecman et al., 2017) from tissues of tomatoes and various species of weeds facilitated the
efficient recovery of virus sequences from plant metagenomes. We also demonstrated that
the use of bioinformatic analyses pipelines developed in-house (Pecman et al., 2017) for the
assembly and identification of viral and viroid-like circular RNA genomes, enabled the
precise detection and discovery of virus or viroid-like circular RNA reads, contigs and whole
genomes from the metagenomic data. With these results, confirmed that our second
hypothesis (see Section 1.4) is true: the diversity of viruses is largely unknown, even in
well-studied tomato agroecosystems, and especially in weed plants within or surrounding
tomato agroecosystems.

Second, to address the third aim (see Section 1.3), we examined the phylogenetic
relationships and host associations of selected virus groups, genera, or families, identified
in tomatoes and weeds. Specifically, we confirmed the presence of viruses in individual
hosts using RT-PCR assays with virus-specific oligonucleotide primers. We discovered that
certain viruses are present in both weeds and tomatoes. We then constructed phylogenetic
trees and determined the phylogenetic placement of the novel viruses within known virus
taxa. Furthermore, we determined associations between taxonomically-related plant hosts
and clades, genera, or families of phylogenetically-related viruses. We demonstrated that
60 known and novel classified viruses were found exclusively in weeds, 22 were found
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exclusively in tomatoes, and 10 were found in both weed and tomato plants. The
overlapping viruses have extremely wide host ranges and are important tomato pathogens
(e.g., tomato spotted wilt virus, cucumber mosaic virus, PVY). A study in France
demonstrated the presence of PVY and SnlIV1, which were found between cultivated
(tomato) and wild (5. nigrum) habitats (Ma et al., 2020). The study also detected BBWV1
in §. nigrum but not in tomatoes. We observed a similar pattern, detecting SnIV1 in
tomato and a related weed (Physalis sp.), and detecting BBWV1 only in pools of weed
plants in three different locations but not in tomato plants. We also identified new weed
hosts for tomato viruses, such as Ranunculus white mottle ophiovirus detected in S.
nigrum. Known viruses of other crops were also detected in weeds, such as lettuce mosaic
virus. These findings implied the presence of potential alternate hosts or wild reservoirs for
such viruses (Cooper & Jones, 2006). Herein, we demonstrated that certain viruses are
present in both tomatoes and weeds surrounding tomato-farming areas. We showed that
this scenario for viruses infecting tomato and weed plant species within the same family,
Solanaceae. Moreover, the highest diversity of novel detections was found with 11
rhabdoviruses, of which nine were newly discovered species that are phylogenetically-
related to plant-infecting rhabdoviruses. In weeds alone, we detected six new rhabdoviruses
associated with Asteraceae species. We further observed the link of a clade of closely related
alphanucleorhabdoviruses with Solanaceae plant species, and the frequent association of
Plantago major with different but phylogenetically-related tobamoviruses (Plantago
tobamovirus 1, ribgrass mosaic virus, and turnip vein clearing virus). Herein, we observed
that certain groups of evolutionarily-related viruses might be associated with specific
groups of taxonomically-related plant hosts. Examining host-virus associations will enable
generation of new hypotheses on their epidemiology, ecology and possible host adaptive
evolution. With these results we confirmed that our third and fourth hypotheses (see
Section 1.4) are true. We demonstrated that in an agroecosystem, there are overlaps in the
presence of virus species, but not demonstrated overall in terms of viral isolates, in tomato
(crop) and diverse weed plants within or surrounding the farming areas. We also confirmed
that certain groups of evolutionarily-related viruses are associated with specific groups of
taxonomically-related plant hosts, which indicates possible co-evolutionary links. More
extensive sampling and wider co-phylogenetic analyses in the future will expand these
findings and give a better picture of such virus-host relationships.

Third, to address the fourth aim (see Section 1.3), we characterized the pathobiology
(i.e., the infectivity and host range in Solanaceae species) of a novel tobamovirus, Plantago
tobamovirus 1 (PTV1), which we discovered in Plantago major (Plantaginaceae).
Tobamoviruses are known to have wide host ranges, exhibit persistence in the environment,
and cause major disease outbreaks and pandemics in crops, such as tomato (Rivarez et al.,
2021; E. Smith & Dombrovsky, 2020). Specifically, we examined the virion morphology of
PTV1 using transmission electron microscopy (TEM) and determined its mechanical
transmissibility and infectivity in selected herbaceous plant hosts within family Solanaceae.
We demonstrated that PTV1 can systemically infect two Solanaceae hosts. We observed
typical rod-shaped virions of tobamoviruses when apical, non-inoculated leaves of a PTV1-
infected Nicotiana clevelandii was subjected to TEM. HTS of the same sample using
nanopore sequencing revealed that PTV1 is the most abundant virus in the inoculated
plant. Herein, we demonstrated that characterization of pathobiology of a novel virus (e.g.,
those from economically important groups such as tobamoviruses) can provide information
on virus infectivity and host range. With this result, we confirmed that our fifth hypothesis
(see Section 1.4) is true: a novel virus from a family with a wide host range, that is found
in weed plant(s) will be able to infect plants from a family different from its original weed
host, at least in controlled experimental settings.

Fourth, to address the fifth aim (see Section 1.3), we determined the distribution, and
genetic and genome-wide diversity of selected viruses to better understand their diversity
and epidemiology. Specifically, we determined the genome-wide diversity of selected viruses
identified in tomatoes and weeds in Slovenia. We determined that there is a variable level
of diversities among isolates of tomato mosaic virus, southern tomato virus, tomato spotted
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wilt virus, potato virus Y, cucumber mosaic virus, potato virus M, Physostegia chlorotic
mottle virus, and Ranunculus white mottle ophiovirus. Physostegia chlorotic mottle virus
is a widespread pathogen of tomato and other crops in Europe (Temple et al., 2022;
Vucurovié et al., 2021), and Ranunculus white mottle ophiovirus was recently detected in
peppers and tomatoes from Slovenia (Rivarez et al., 2022). Interestingly, two new tomato
viruses (tomato betanucleorhabdovirus 2 and tomato vitivirus 1) showed high level of
variability, due to the existence of one divergent strain or lineage for each species.
Population genetic diversity of these viruses that circulate in crops and weeds should be
further investigated to confirm if these viruses might have been either circulating for a long
time already or are undergoing diversifying evolution. Herewith, we demonstrated that
HTS data from virus-infected plants, across different years and locations, can be used to
determine the occurrence and variability of previously undetected known and novel viruses.
It is possible that these viruses might be already circulating in tomato and other
economically-important crops, and remained undetected for several years, such as in the
case of Ranunculus white mottle ophiovirus. With these results, we confirmed that our
sixth hypothesis (see Section 1.4) is true: previously undetected viruses, which might be
circulating in tomato and other economically-important crops and can be uncovered and
studied in detail using HTS data.

Overall, in the second study, we uncovered the vast diversity of tomato viruses in
Slovenia. Additionally, we pioneered the exploration of viruses of a very diverse set of weed
plant species surrounding tomato agroecosystems. Our metagenomic exploration of viruses
in the two types of flora in an agroecosystem is the largest simultaneous study of its kind
conducted so far. We fully characterized the genomes of the 125 viruses, satellite viruses,
and virus- or viroid-like sequences detected. We presented virus distribution, phylogenetic
relationships among viruses, and possible links between viruses and plant hosts. We
characterized the infectivity and other properties of a novel tobamovirus, which belongs to
a group of viruses with high economic and phytosanitary importance in crops, including
tomato. We looked deeper into some implications of these findings on virus ecology and
epidemiology in tomato agroecosystem.

Nevertheless, we are aware that our sampling scope in terms of plant species richness,
temporal and spatial scales are just small proportion of the overall status and dynamics in
the agroecosystems we visited. Sequencing of total RNA extracts that are depleted of
ribosomal RNAs, remain one of the most efficient strategy to recover viral sequences.
However, we detected only a few plant DNA viruses. Thus, we hypothesize that adding
DNA extraction and enrichment strategies to our experimental approach, would increase
the chances of detecting DNA viruses. We are also aware that we sequenced pools of
equimolar portions of each plant RNA extract for obvious practical reasons and budget
constraints inherent to sequencing projects. This introduced bias toward sequencing of high
coverage virus genomes and leaving out the low coverage ones. Sequencing of smaller size
of pooled plants may have reduce this bias, but to what extent the pool size to be reduced
to should be experimentally verified first. It would also be more efficient if we had pooled
the RNAs by plant species and not by location, in this way it would have been easier to
associate viruses with their hosts, which is more important than the location, for the
purpose of this study.

In addition, looking deeper at isolates or strains should be more informative when
investigating virus presence in both tomatoes and weeds. However, these strains should be
well defined in the first place, i.e., are they relevant in terms of pathobiology, geographic
restriction, host preference, etc. In essence, since most of our virus detections are novel
ones and only have one or two isolates, this is practically not doable (yet), and only so if
more isolates are gathered. However, future studies should therefore investigate possible
fluxes of known viruses with several isolates, present in tomatoes and weeds, which in the
current study is very rare. More work is thus needed, especially a more systematic sampling
should be done, possibly in more extensive time and space, in the same growing areas where
these virus overlaps were detected. It is also worthwhile to note that inter-cropping, co-
cultivation of tomatoes with other crops are common in these areas, so it has important
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implication for crops of the same family where there is higher chances of virus exchanges,
as well as in weeds.

This study would then serve as baseline for future research that will either expand our
sampling scope, or further characterize the numerous viruses we identified. This study
could inspire similar systematic surveys in various crop agroecosystems, which could also
include vectors (e.g., fungal, oomycete, arthropod or nematode) and environmental media
(e.g. soil and water). In the future, such studies could provide more virome data from still
undescribed partitions of different agroecosystems.

In the third publication, “First report of Ranunculus white mottle ophiovirus in
Slovenia in pepper with yellow leaf curling symptom and in tomato”, we were able to
determine the presence in different localities and the genetic diversity of Ranunculus white
mottle ophiovirus (RWMYV). Specifically, we determined the diversity of RWMYV isolates
from tomatoes and peppers from different localities in Slovenia, spanning three years of
sampling (2017-2020). We also demonstrated that the isolates exhibited 92-97% pairwise
identities, indicating a low to moderate level of genetic diversity with respect to the current
threshold for species demarcation in Aspiviridae (<85%) (Garcia et al., 2017). We reported
the first full genome for RWMYV its first detection in vegetable crops from Europe, since
its discovery in nearby Italy more than two decades ago (Vaira et al., 2000), and its recent
detection in Australia in 2019 (Gambley et al., 2019). Hence, we showed the use of HT'S
for proactive and unbiased monitoring of viruses in agroecosystems. It can enable the
detection of novel viruses that might be already circulating, but have remained undetected,
in tomato and other economically-important crops. With these results, addressed a part of
the fifth aim (see Section 1.3) and determined the distribution and genetic diversity of
selected viruses. We also confirmed that our sixth hypothesis (see Section 1.4) is true: there
are previously undetected viruses, which might be circulating in tomato and other
economically-important crops and can be uncovered using HTS data.

Overall, the studies presented in this dissertation will be relevant for the broader
virology and plant pathology community in the field of virus discovery and in-depth studies
of diversity, phylogenetic relationships, host associations, and further characterization.
Specifically, our most relevant contributions are:

1. the most comprehensive and systematic review of all tomato viruses in the literature
so far, highlighting the most economically important viruses, and demonstrating how
HTS contributed to advancing tomato virus discovery and characterization,

2. the discovery of numerous novel viruses, satellite RNAs, and viroid-like sequences in
tomato and weeds from tomato agroecosystems, and the further characterization of the
infectivity of a novel tobamovirus in Solanaceae hosts,

3. the determination of patterns of presence and overlaps of viruses in symptomatic and
asymptomatic tomato, and tomato and weed plants, and diversity analyses of the most
prevalent viruses in tomatoes; such data are crucial for studying host ecology and host
adaptation in viruses,

4. the expansion of the current knowledge on the genomic landscapes, phylogeny of
detected viruses and their potential co-evolutionary links to their plant hosts such as
the case of plant rhabdoviruses, and their geographic origin, such as the case for selected
tobamoviruses, and

5. the detection of previously undetected known and novel viruses of tomato plants in
Slovenia using HTS, which demonstrated that the use of HTS can improve the
monitoring of viruses in crops, even before they emerge and cause disease outbreaks.
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Chapter 4

Conclusions

This doctoral research comprehensively collected known and contributed new knowledge
on viruses of tomato and the weed plants within and surrounding tomato agroecosystems.
These information further enhanced our understanding of virus diversity, and portions of
their ecology and epidemiology in such agroecosystems, that may serve as a model for
similar studies in other crop plants.

First, we showed that the number of tomato viruses is underestimated and represent
one of the largest numbers of distinct viruses associated with a certain plant. We showed
that HTS accelerated the discovery and post-discovery characterization of novel tomato
viruses, in the recent decade (2011-2020). This is evident for viruses that are of economic
and phytosanitary importance, even for those not discovered through HTS. We synthesized
information on economically important and possibly emerging tomato viruses for a wider
audience, thus disseminating information for tomato virome research globally.

Second, we showed that there is still a vast undiscovered diversity of known and novel
viruses, in tomatoes and various species of weed plants in tomato agroecosystems. We
uncovered the vast diversity of 125 known and novel tomato viruses through the
simultaneous and, by far, the largest exploration of viruses of a very diverse set of weed
plant species surrounding an agroecosystem. Additionally, we showed that there are
overlaps of presence of viruses in tomato and weed plants within or surrounding tomato
farming areas, and that certain groups of evolutionarily-related viruses are associated with
specific groups of taxonomically-related plant hosts. We showed that a novel virus of a
family with a known wide host range that is found in weed plant(s) can infect plants of a
botanical family different than its original weed host. This was for a novel Plantago
tobamovirus 1, which belongs to a group of viruses of high economic and phytosanitary
importance in crops, including tomato.

Third, we demonstrated that HTS could identify a previously undetected virus,
Ranunculus white mottle ophiovirus, which is present in crop plants, including tomato. We
reported the virus for the first time in vegetable crops from Europe, and that it is already
present in Slovenian tomatoes and peppers for several years. With this, we demonstrated
that previously undetected viruses circulating in tomato and other economically important
crops and can be uncovered using HTS data. Hence, we demonstrated that HTS is suitable
for proactive and unbiased monitoring of viruses in agroecosystems.

Our work has contributed to a comprehensive and deeper understanding of viruses in
tomato and weed plants related to tomato production. Overall, we aimed to promote the
importance and usefulness of HT'S to uncover virus diversity in agroecosystems, monitor
their distribution, uncover links to plant hosts, and understand portions of their biology,
ecology and epidemiology. With the vast amount of data obtained through these plant
viromic studies, useful contributions to illuminate the still undiscovered portion of the
global virosphere can be made. More importantly, a deeper understanding of the properties
and dynamics of viruses in agroecosystems can be obtained that will possibly aid in future
studies in managing virus disease emergences.
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A.1 Supplementary Material for Publication 2.1

Also available through the publisher’s website:
https://www.frontiersin.org/articles/10.3389 /fmich.2021.671925 /ful
|#supplementary-material

Steps made in collecting all tomato viruses (Discussed in detail in the article):

1) Collect all the viruses containing “tomato” in their name from the latest master species
list by the International Committee on Taxonomy of Viruses (ICTV)
<https://talk.ictvonline.org/files/master-species-lists/m/msl /9601 >.

2) To this list, add other viruses for which tomato is indicated as host in a curated list in
Encyclopedia of Plant Viruses and Viroids <http://link.springer.com/10.1007/978-81-322-
3912-3>.

3) Collect additional viruses (with tomato indicated as host) by mining complete genomes
with supporting publications in GenBank and viral RefSeq in NCBI
<https://www.ncbi.nlm.nih.gov/genbank/>, European Nucleotide Archive
<https://www.ebi.ac.uk/ena/browser /home> and Virus-Host DB
<https://www.genome.jp/virushostdb/>.

4) Additionally, tomato viruses with partial or unconfirmed full genomes, but with
supporting publications and/or recognition by ICTV, were also included in the list.
Table S1. Meta-analysis of the extent of characterization of novel viruses discovered in

tomato from 2011-2020.

Abbreviations and Legends used in Table S1:


https://www.frontiersin.org/articles/10.3389/fmicb.2021.671925/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmicb.2021.671925/full#supplementary-material
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Abbreviation

ssDNA
(+)ssRNA
(-)ssRNA
dsRNA

total DNA-RCA
total RNA-RD
sRNA

N/A

Legend:

1torY
OorN

Appendix A. Supplementary Materials of Publications

circular, positive sense, single stranded DNA (Group |)

linear, positive/messenger sense, single stranded RNA (Group IV)

linear, negative sense, single stranded RNA (Group V, wherein T ospoviridae and Phenuiviridae undergo ambisense transcription)
double stranded RNA (Group Ill)

total DNAwith rolling circle amplification

total RNAwith rRNA depletion

small RNA

notappplicable

- means yes or affirmative
- means no or not affirmative
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literature and different databases.

Family -1/ Genus + Virus Name -
Alphaflexiviridae Potexvirus Pepino mosaic virus
Alphaflexiviridae Potexvirus Potato virus X

Alphasatellitidae
Alphasatellitidae
Alphasatellitidae
Alphasatellitidae
Alphasatellitidae
Alphasatellitidae
Alphasatellitidae
Alphasatellitidae
Alphasatellitidae
Alphasatellitidae
Alphasatellitidae
Alphasatellitidae
Alphasatellitidae
Alphasatellitidae

Ageyesisatellite
Clecrusatellite
Clecrusatellite
Clecrusatellite
Colecusatellite
Colecusatellite
Colecusatellite
Colecusatellite
Colecusatellite
Colecusatellite
Colecusatellite
Colecusatellite
Colecusatellite
Colecusatellite

Ageratum yellow vein Singapore alphasatellite
Tomato yellow spot alphasatellite

Tomato leaf curl New Delhi alphasatellite
Tomato leaf curl Virudhunagar alphasatellite
Tomato leaf curl Buea alphasatellite

Tomato leaf curl Pakistan alphasatellite
Tomato leaf curl Cameroon alphasatellite
Cotton leaf curl Burawela alphasatellite
Tomato yellow leaf curl China alphasatellite
Tomato yellow leaf curl Yunnan alphasatellite
Tomato yellow leaf curl Thailand alphasatellite
Cotton leaf curl Geriza alphasatellite
Ageratum yellow vein China alphasatellite
Sunflower leaf curl Karnataka alphasatellite

Alphasatellitidae unassigned Sida yellow vein China alphasatellite
Alphasatellitidae unassigned ‘new alpha-satellite’
Amalgaviridae Amalgavirus Southern tomato virus
Betaflexiviridae Carlavirus Potato virus H

Betaflexiviridae Carlavirus Potato virus M

Betaflexiviridae Carlavirus Potato virus S

Betaflexiviridae Carlavirus Cowpea mild mottle virus
Bromoviridae Alfamovirus Alfalfa mosaic virus
Bromoviridae Anulavirus Pelargonium zonate spot virus
Bromoviridae Cucumovirus Tomato aspermy virus
Bromoviridae Cucumovirus Cucumber mosaic virus
Bromoviridae llarvirus Tomato necrotic streak virus
Bromoviridae llarvirus Tomato necrotic spot virus
Bromoviridae llarvirus Parietaria mottle virus
Bromoviridae larvirus Solanum nigrum ilanvirus 1
Bromoviridae llarvirus Spinach latent virus
Bromoviridae llarvirus Tobacco streak virus
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Table S2 (continued rows)

Family

~I| Genus

* | Virus Name
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Closteroviridae
Closteroviridae
Closteroviridae
Closteroviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae

Crinivirus

Crinivirus

Crinivirus

Crinivirus

Becurtovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus

Lettuce chlorosis virus

Potato yellow vein virus

Tomato chlorosis virus

Tomato infectious chlorosis virus
Beet curly top Iran virus

Ageratum enation virus

Ageratum yellow vein Hualian virus
Ageratum yellow vein China virus
Ageratum yellow vein virus

Bean golden mosaic virus

Chilli leaf curl virus

Chino del tomate Amazonas virus
Chino del tomate virus

Cotton leaf curl Burewala virus
Cotton leaf curl Geriza virus

Cotton leaf curl Kokhran virus
Cotton leaf curl Multan virus

Croton yellow vein mosaic virus
Eupatorium yellow vein virus[
Euphorbia yellow mosaic
Honeysuckle yellow vein virus
Lindernia anagallis yellow vein virus
Malvastrum yellow vein virus

Melon chlorotic leaf curl virus
Merremia mosaic virus

Mungbean yellow mosaic Indian virus
Papaya leaf curl China virus
Pedilanthus leaf curl virus

Pepper golden mosaic virus

Pepper huasteco yellow vein virus
Pepper leafroll virus

Pepper yellow leaf curl Aceh virus
Pepper yellow leaf curl Indonesia virus
Pepper yellow leaf curl Thailand virus
Pepper yellow vein Mali virus

Peru tomato mosaic virus

Potato yellow mosaic Panama \irus
Potato yellow mosaic Trinidad virus
Sida micrantha mosaic virus
Tobacco curly shoot virus

Tobacco leaf curl Japan virus
Tobacco leaf curl Kochi virus
Tobacco leaf curl Thailand virus
Tobacco leaf curl virus

Tomato bright yellow mosaic virus
Tomato bright yellow mottle virus
Tomato chino La Paz virus

Tomato chlorotic leaf curl virus
Tomato chlorotic leaf distortion virus
Tomato chlorotic mottle Guyane virus
Tomato chlorotic mottle virus
Tomato common mosaic virus
Tomato curly stunt virus

Tomato dwarf leaf virus

Tomato enation leaf curl virus
Tomato golden leaf distortion virus
Tomato golden leaf spot virus
Tomato golden mosaic virus
Tomato golden mottle virus

Tomato golden vein virus
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Table S2 (continued rows)

- |Virus Name -

Family ~1| Genus

Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae
Geminiviridae

Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus
Begomovirus

Tomato interveinal chlorosis virus
Tomato latent virus

Tomato leaf curl Anjouan virus
Tomato leaf curl Arusha virus
Tomato leaf curl Barka virus
Tomato leaf curl Bangalore virus
Tomato leaf curl Bangladesh virus
Tomato leaf curl Burkina Faso virus
Tomato leaf curl Cebu virus
Tomato leaf curl China virus
Tomato leaf curl Comoros virus
Tomato leaf curl Cotabato virus
Tomato leaf curl Diana virus
Tomato leaf curl Gandhinagar virus
Tomato leaf curl Ghana virus
Tomato leaf curl Guangdong virus
Tomato leaf curl Guangxi virus
Tomato leaf curl Gujarat virus
Tomato leaf curl Hainan virus
Tomato leaf curl Hanoi virus
Tomato leaf curl Hsinchu virus
Tomato leaf curl Iran virus

Tomato leaf curl Japan virus
Tomato leaf curl Java virus
Tomato leaf curl Joydebpur virus
Tomato leaf curl Karnataka virus
Tomato leaf curl Karnataka virus 2
Tomato leaf curl Karnataka virus 3
Tomato leaf curl Kerala virus
Tomato leaf curl Kumasi virus
Tomato leaf curl Laos virus
Tomato leaf curl Liwa virus
Tomato leaf curl Madagascar virus
Tomato leaf curl Mahe virus
Tomato leaf curl Malaysia virus
Tomato leaf curl Mali virus
Tomato leaf curl Mayotte virus
Tomato leaf curl Mindanao virus
Tomato leaf curl Moheli virus
Tomato leaf curl Namakely virus
Tomato leaf curl New Delhi virus
Tomato leaf curl New Delhi virus 2
Tomato leaf curl New Delhi virus 4
Tomato leaf curl New Delhi virus 5
Tomato leaf curl Nigeria virus
Tomato leaf curl Oman virus
Tomato leaf curl Palampur virus
Tomato leaf curl Patna virus
Tomato leaf curl Philippines virus
Tomato leaf curl Pune virus
Tomato leaf curl purple vein virus
Tomato leaf curl Rajasthan virus
Tomato leaf curl Ranchi virus
Tomato leaf curl Seychelles virus
Tomato leaf curl Sinaloa virus
Tomato leaf curl Sri Lanka virus
Tomato leaf curl Sudan virus
Tomato leaf curl Sulawesi virus
Tomato leaf curl Taiwan virus
Tomato leaf curl Tanzania virus
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Table S2 (continued rows)

Family -1/ Genus ~ Virus Name h
Geminiviridae Begomovirus Tomato leaf curl Toliara virus
Geminiviridae Begomovirus Tomato leaf curl Uganda virus
Geminiviridae Begomovirus Tomato leaf curl Vietnam virus
Geminiviridae Begomovirus Tomato leaf curl virus

Geminiviridae Begomovirus Tomato leaf deformation virus
Geminiviridae Begomovirus Tomato leaf distortion virus
Geminiviridae Begomovirus Tomato mild mosaic virus
Geminiviridae Begomovirus Tomato mild yellow leaf curl Aragua virus
Geminiviridae Begomovirus Tomato mosaic Havana virus
Geminiviridae Begomovirus Tomato mottle leaf curl virus
Geminiviridae Begomovirus Tomato mottle Taino virus
Geminiviridae Begomovirus Tomato mottle virus

Geminiviridae Begomovirus Tomato mottle wrinkle virus
Geminiviridae Begomovirus Tomato rugose mosaic virus
Geminiviridae Begomovirus Tomato rugose yellow leaf curl virus
Geminiviridae Begomovirus Tomato severe leaf curl Kalakada virus
Geminiviridae Begomovirus Tomato severe leaf curl virus
Geminiviridae Begomovirus Tomato severe rugose \Virus
Geminiviridae Begomovirus Tomato twisted leaf virus
Geminiviridae Begomovirus Tomato wrinkled mosaic \virus
Geminiviridae Begomovirus Tomato yellow leaf curl Axarquia virus
Geminiviridae Begomovirus Tomato yellow leaf curl China virus
Geminiviridae Begomovirus Tomato yellow leaf curl Guangdong virus
Geminiviridae Begomovirus Tomato yellow leaf curl Indonesia virus
Geminiviridae Begomovirus Tomato yellow leaf curl Kanchanaburi virus
Geminiviridae Begomovirus Tomato yellow leaf curl Malaga virus
Geminiviridae Begomovirus Tomato yellow leaf curl Mali virus
Geminiviridae Begomovirus Tomato yellow leaf curl Sardinia virus
Geminiviridae Begomovirus Tomato yellow leaf curl Saudi virus
Geminiviridae Begomovirus Tomato yellow leaf curl Shuangbai virus
Geminiviridae Begomovirus Tomato yellow leaf curl Thailand virus
Geminiviridae Begomovirus Tomato yellow leaf curl Vietnam virus
Geminiviridae Begomovirus Tomato yellow leaf curl virus
Geminiviridae Begomovirus Tomato yellow leaf curl Yunnan virus
Geminiviridae Begomovirus Tomato yellow leaf distortion virus
Geminiviridae Begomovirus Tomato yellow margin leaf curl virus
Geminiviridae Begomovirus Tomato yellow mosaic virus
Geminiviridae Begomovirus Tomato yellow mottle virus
Geminiviridae Begomovirus Tomato yellow spot virus
Geminiviridae Begomovirus Tomato yellow vein streak virus
Geminiviridae Begomovirus Tomato interveinal chlorosis virus-2
Geminiviridae Begomovirus Tomato wein clearing leaf deformation virus
Geminiviridae Begomovirus Tomato leaf curl Kunene virus
Geminiviridae Begomovirus Tomato leaf curl Cameroon virus
Geminiviridae Begomovirus ‘new Begomovirus Species #1’
Geminiviridae Begomovirus ‘new Begomovirus Species #2'
Geminiviridae Begomovirus ‘new Begomovirus Species #3’
Geminiviridae Capulavirus Euphorbia caput-medusae latent virus
Geminiviridae Curtovirus Beet curly top virus

Geminiviridae Mastrevirus Chickpea chlorotic dwarf virus-tomato
Geminiviridae Topocuvirus Tomato pseudo-curly top virus
Geminiviridae unassigned Tomato apical leaf curl virus
Geminiviridae unassigned ‘tomato associated geminivirus 1’
Genomoviridae Genomovirus ‘plant-associated genomovirus 2’
Iflaviridae Iflavirus Tomato matilda virus

Kitaviridae Blunervirus Tomato fruit blotch virus

Luteoviridae Polerovirus Turnip yellows virus

Luteoviridae Polerovirus Potato leafroll virus

Nanoviridae Nanovirus Milk vetch dwarf virus

Phenuiviridae Tenuivurus Melon chlorotic spot virus
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Table S2 (continued rows)

Family -1/ Genus ~ | Virus Name hd
Pospiviroidae Pospiviroid Tomato apical stunt viroid

Pospiviroidae Pospiviroid Tomato chlorotic dwarf viroid
Pospiviroidae Pospiviroid Tomato planta macho viroid
Pospiviroidae Pospiviroid Pepper chat fruit viroid

Pospiviroidae Pospiviroid Potato spindle tuber \iroid
Pospiviroidae Pospiviroid Chrysanthemum stunt viroid
Pospiviroidae Pospiviroid Columnea latent viroid

Pospiviroidae Pospiviroid Citrus exocortis viroid

Potyviridae Ipomovirus Tomato mild mottle virus

Potyviridae Potyvirus Peru tomato mosaic virus

Potyviridae Potyvirus Tomato necrotic stunt virus

Potyviridae Potyvirus Tobacco etch virus

Potyviridae Potyvirus Mediterranean ruda virus

Potyviridae Potyvirus Wild potato mosaic virus

Potyviridae Potyvirus Wild tomato mosaic virus

Potyviridae Potyvirus Pepper mottle virus

Potyviridae Potyvirus Pepper veinal mottle virus

Potyviridae Potyvirus Pepper yellow mosaic virus

Potyviridae Potyvirus Tobacco wvein banding mosaic virus
Potyviridae Potyvirus Potato virus A

Potyviridae Potyvirus Potato virus Y

Potyviridae Potyvirus Henbane mosaic \irus

Potyviridae Potyvirus Chili veinal mottle virus

Rhabdoviridae Alphanucleorhabdovirus  Physostegia chlorotic mottle virus
Rhabdoviridae Alphanucleorhabdovirus  Eggplant mottled dwarf virus
Rhabdoviridae Cytorhabdovirus Tomato yellow mottle-associated virus
Secoviridae Cheravirus Cherry rasp leaf virus-tomato
Secoviridae Nepovirus Tomato black ring virus

Secoviridae Nepovirus Tomato ringspot virus

Secoviridae Nepovirus Tobacco ringspot virus

Secoviridae Torradovirus Tomato marchitez virus

Secoviridae Torradovirus Tomato necrotic dwarf virus

Secoviridae Torradovirus Tomato torrado virus

Secoviridae Torradovirus Tomato chocolate spot virus
Secoviridae Torradovirus Tomato chocolate virus
Tolecusatellitidae Betasatellite Ageratum yellow vein betasatellite
Tolecusatellitidae Betasatellite Ageratum leaf curl Cameroon betasatellite
Tolecusatellitidae Betasatellite Chili leaf curl betasatellite
Tolecusatellitidae Betasatellite Cotton leaf curl Gezira betasatellite
Tolecusatellitidae Betasatellite Honeysuckle yellow vein betasatellite
Tolecusatellitidae Betasatellite Tobacco leaf curl Japan betasatellite
Tolecusatellitidae Betasatellite Tobacco leaf curl Yunnan betasatellite
Tolecusatellitidae Betasatellite Tomato begomovirus satellite DNA beta
Tolecusatellitidae Betasatellite Tomato leaf curl Hajipur betasatellite
Tolecusatellitidae Betasatellite Tomato leaf curl Bangalore betasatellite
Tolecusatellitidae Betasatellite Tomato leaf curl Bangladesh betasatellite
Tolecusatellitidae Betasatellite Tomato leaf curl betasatellite
Tolecusatellitidae Betasatellite Tomato leaf curl China betasatellite
Tolecusatellitidae Betasatellite Tomato leaf curl Gandhinagar betasatellite
Tolecusatellitidae Betasatellite Tomato leaf curl Joydebpur betasatellite
Tolecusatellitidae Betasatellite Tomato leaf curl Laguna betasatellite
Tolecusatellitidae Betasatellite Tomato leaf curl Laos betasatellite
Tolecusatellitidae Betasatellite Tomato leaf curl Malaysia betasatellite
Tolecusatellitidae Betasatellite Tomato leaf curl Nepal betasatellite
Tolecusatellitidae Betasatellite Tomato leaf curl Patna betasatellite
Tolecusatellitidae Betasatellite Tomato leaf curl Philippine betasatellite
Tolecusatellitidae Betasatellite Tomato leaf curl Sri Lanka betasatellite
Tolecusatellitidae Betasatellite Tomato leaf curl Togo betasatellite
Tolecusatellitidae Betasatellite Tomato leaf curl Yemen betasatellite

Tolecusatellitidae Betasatellite Tomato leaf curl Yunnan betasatellite



A.1. Supplementary Material for Publication 2.1

Table S2 (continued rows)

Family

-1/ Genus

| Virus Name

Tolecusatellitidae
Tolecusatellitidae
Tolecusatellitidae
Tolecusatellitidae
Tolecusatellitidae
Tolecusatellitidae
Tolecusatellitidae
Tolecusatellitidae
Tolecusatellitidae
Tombusviridae
Tombusviridae
Tombusviridae
Tospoviridae
Tospoviridae
Tospoviridae
Tospoviridae
Tospoviridae
Tospoviridae
Tospoviridae
Tospoviridae
Tospoviridae
Tospoviridae
Tospoviridae
Tospoviridae
Tospoviridae
Tospoviridae
Tospoviridae
Tospoviridae
Tymoviridae
Tymoviridae
Tymoviridae
Virgaviridae
Virgaviridae
Virgaviridae
Virgaviridae
Virgaviridae
Virgaviridae
Virgaviridae
Virgaviridae

Betasatellite
Betasatellite
Betasatellite
Betasatellite
Betasatellite
Betasatellite
Deltasatellite
Deltasatellite
Deltasatellite
Alphanecrovirus
Tombusvirus
Tombusvirus
Orthotospovirus
Orthotospovirus
Orthotospovirus
Orthotospovirus
Orthotospovirus
Orthotospovirus
Orthotospovirus
Orthotospovirus
Orthotospovirus
Orthotospovirus
Orthotospovirus
Orthotospovirus
Orthotospovirus
Orthotospovirus
Orthotospovirus
Orthotospovirus
Tymovirus
Tymovirus
Tymovirus
Tobamovirus
Tobamovirus
Tobamovirus
Tobamovirus
Tobamovirus
Tobamovirus
Tobravirus
Tobravirus

Tomato yellow leaf curl China betasatellite
Tomato yellow leaf curl Rajasthan betasatellite
Tomato yellow leaf curl Shandong betasatellite
Tomato yellow leaf curl Thailand betasatellite
Tomato yellow leaf curl Vietham betasatellite
Tomato yellow leaf curl Yunnan betasatellite
Tomato leaf curl deltasatellite

Tomato yellow leaf distortion deltasatellite 1
Tomato yellow leaf distortion deltasatellite 2
Olive latent virus 1

Tomato bushy stunt virus

Lettuce necrotic stunt virus

Alstroemeria necrotic streak virus

Capsicum chlorosis virus

Groundnut ringspot virus

Groundnut bud necrosis virus

Impatiens necrotic spot virus

Pepper chlorotic spot orthotospovirus
Tomato chlorotic spot virus

Tomato necrotic ring virus

Tomato yellow ring virus

Tomato spotted wilt virus

Tomato zonate spot virus

Watermelon bud necrosis virus

Watermelon silver mottle virus

Tomato necrotic spot virus

Pepper necrotic spot virus

Tomato necrotic ringspot virus

Eggplant mosaic virus

Tomato yellow blotch virus

Tomato blistering mosaic virus

Pepper mild mottle virus

Tomato brown rugose fruit virus

Tobacco mild green mosaic virus

Tobacco mosaic virus

Tomato mosaic virus

Tomato mottle mosaic \irus

Tobacco rattle virus

Pepper ringspot virus
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A.2 Supplementary Material for Publication 2.2

Also available through Figshare doi: 10.6084/m9.figshare.20200769

Supplementary Table 1. Individual plant samples, their species name, plant family and
sampling location of origin.

Sample D Plant species Plant family Health status Sam;.)ling Sampling Iogation addresg (municipaliltyl or town name, and
= - - - location IDv farm number in case of multiple farms visited) -
INS119001 Solanum lycopersicum Solanaceae symptomatic  {BER19SI Beri¢evo, Dol pri Ljubljani, Slovenia
INSI19002 | Solanum lycopersicum Solanaceae symptomatic BER19SI Beri¢evo, Dol pri Ljubljani, Slovenia
INSI19003  Solanum lycopersicum Solanaceae symptomatic  |BER19SI Berievo, Dol pri Ljubljani, Slovenia
INSI19004 | Solanum lycopersicum Solanaceae symptomatic  {BER19SI Berievo, Dol pri Ljubljani, Slovenia
INSI19005 | Solanum lycopersicum Solanaceae symptomatic  |BER19SI Berievo, Dol pri Ljubljani, Slovenia
INSI19006 | Solanum lycopersicum Solanaceae symptomatic  {BER19SI Berievo, Dol pri Ljubljani, Slovenia
INSI19007 | Solanum lycopersicum Solanaceae symptomatic  |BER19SI Beri¢evo, Dol pri Ljubljani, Slovenia
INSI19008 | Solanum lycopersicum Solanaceae symptomatic ~ {BER19SI Beri¢evo, Dol pri Ljubljani, Slovenia
INSI19009 i Solanum lycopersicum Solanaceae symptomatic BER19SI Beri¢evo, Dol pri Ljubljani, Slovenia
INSI19010 | Solanum lycopersicum Solanaceae symptomatic  |BER19S| Berievo, Dol pri Ljubljani, Slovenia
INSI19011 Solanum lycopersicum Solanaceae symptomatic  {BER19SI Berievo, Dol pri Ljubljani, Slovenia
INSI19012 | Solanum lycopersicum Solanaceae symptomatic  |BER19SI Beri¢evo, Dol pri Ljubljani, Slovenia
INSI19013 | Solanum lycopersicum Solanaceae asymptomatic  {BER19SI Berievo, Dol pri Ljubljani, Slovenia
INSI19014 | Solanum lycopersicum Solanaceae asymptomatic  {BER19SI Beri¢evo, Dol pri Ljubljani, Slovenia
INSI19015 | Solanum lycopersicum Solanaceae asymptomatic  {BER19SI Beri¢evo, Dol pri Ljubljani, Slovenia
INSI19016  : Solanum lycopersicum Solanaceae asymptomatic  {BER19SI Beri¢evo, Dol pri Ljubljani, Slovenia
INSI19017 i Solanum lycopersicum Solanaceae asymptomatic  {BER19SI Berievo, Dol pri Ljubljani, Slovenia
INSI19018 | Solanum lycopersicum Solanaceae asymptomatic  {BER19S| Berievo, Dol pri Ljubljani, Slovenia
INSI19019 i Solanum lycopersicum Solanaceae asymptomatic  |BER19SI Berievo, Dol pri Ljubljani, Slovenia
INSI19020 | Solanum lycopersicum Solanaceae asymptomatic  |BER19SI Beri¢evo, Dol pri Ljubljani, Slovenia
INS119021 Solanum lycopersicum Solanaceae asymptomatic  {BER19SI Beri¢evo, Dol pri Ljubljani, Slovenia
INSI19022 | Solanum lycopersicum Solanaceae asymptomatic  {BER19SI Beri¢evo, Dol pri Ljubljani, Slovenia
INSI19023 | Portulaca oleracea Portulacaceae  isymptomatic BER19SI Berievo, Dol pri Ljubljani, Slovenia
INSI19024 | Calystegia sepium Convolvulaceae isymptomatic ~ {BER19SI Berievo, Dol pri Ljubljani, Slovenia
INSI19025  iConvolvulus arvensis Convolvulaceae isymptomatic  |BER19SI Berievo, Dol pri Ljubljani, Slovenia
INSI19026 i Sonchus arvensis Asteraceae symptomatic ~ {BER19SI| Beri¢evo, Dol pri Ljubljani, Slovenia
INSI19027 | Chenopodium sp. Amaranthaceae |symptomatic  |BER19SI Beri¢evo, Dol pri Ljubljani, Slovenia
INSI19029  iGalinsoga parviflora Asteraceae symptomatic ~ {BER19SI Beri¢evo, Dol pri Ljubljani, Slovenia
INSI19030 i Convolvulus arvensis Convolvulaceae iasymptomatic {BER19SI Berievo, Dol pri Ljubljani, Slovenia
INSI119031 Chenopodium sp. Amaranthaceae {symptomatic BER19SI Beri¢evo, Dol pri Ljubljani, Slovenia
INSI19032  {Amaranthus retroflexus Amaranthaceae isymptomatic  |BER19SI Berievo, Dol pri Ljubljani, Slovenia
INSI19033 | Sonchus oleraceus Asteraceae symptomatic  {BER19SI Berievo, Dol pri Ljubljani, Slovenia
INSI19034  Stachys annua Lamiaceae symptomatic  |BER19SI Berievo, Dol pri Ljubljani, Slovenia
INSI19035 Oxalis sp. Oxalidaceae symptomatic  |BER19SI  Beri¢evo, Dol pri Ljubljani, Slovenia
INSI19036 | Impatiens walleriana Balsaminaceae isymptomatic  |BER19SI Beri¢evo, Dol pri Ljubljani, Slovenia
INSI19037  : Solanum lycopersicum Solanaceae asymptomatic  INGO19SI  :Sempeter pri Gorici, Slovenia
INSI19038 i Solanum lycopersicum Solanaceae asymptomatic  {NGO19SI  {Sempter pri Gorici, Slovenia
INSI19039 | Solanum lycopersicum Solanaceae asymptomatic  {NGO19SI  |Sempter pri Gorici, Slovenia
INSI19040  Solanum lycopersicum Solanaceae asymptomatic  {NGO19S|  {Sempter pri Gorici, Slovenia
INSI19041 Solanum lycopersicum Solanaceae asymptomatic  [NGO19SI  {Sempter pri Gorici, Slovenia
INSI19042  : Solanum lycopersicum Solanaceae symptomatic ~ INGO19SI  :Sempter pri Gorici, Slovenia
INSI19043 | Solanum lycopersicum Solanaceae symptomatic ~ INGO19SI  |Sempter pri Gorici, Slovenia
INSI19044 | Solanum lycopersicum Solanaceae symptomatic NGO19S|  Sempter pri Gorici, Slovenia
INSI19045  :Erigeron canadensis Asteraceae symptomatic  {NGO19SI  {Sempter pri Gorici, Slovenia
INSI19046  Picris hieracioides Asteraceae symptomatic  {NGO19S|  {Sempter pri Gorici, Slovenia
INSI19047 i Taraxacum officinale Asteraceae symptomatic  INGO19SI  {Sempter pri Gorici, Slovenia
INSI19048  {Rorippa sylvestris Brassicaceae  isymptomatic  |NGO19SI ' Sempter pri Gorici, Slovenia
INSI19049 | Solanum nigrum Solanaceae symptomatic ~ INGO19SI  Sempter pri Gorici, Slovenia
INS119051 Solanum lycopersicum Solanaceae symptomatic BUK19SI Bukovica, Ren¢e-Vogrsko, Slovenia
INSI19052 | Solanum lycopersicum Solanaceae symptomatic  {BUK19SI Bukovica, Rence-Vogrsko, Slovenia
INSI19053  {Solanum lycopersicum Solanaceae symptomatic  {BUK19SI Bukovica, Rence-Vogrsko, Slovenia
INSI19054 | Solanum lycopersicum Solanaceae symptomatic  {BUK19SI Bukovica, Rence-Vogrsko, Slovenia
INSI19055 | Solanum lycopersicum Solanaceae symptomatic  {BUK19SI Bukovica, Rence-Vogrsko, Slovenia
INSI19056 | Solanum lycopersicum Solanaceae symptomatic ~ {BUK19SI Bukovica, Rence-Vogrsko, Slovenia
INSI19057 | Solanum lycopersicum Solanaceae symptomatic ~ {BUK19SI Bukovica, Ren¢e-Vogrsko, Slovenia
INSI19058 | Solanum lycopersicum Solanaceae symptomatic BUK19SI Bukovica, Ren¢e-Vogrsko, Slovenia
INSI19059 i Solanum lycopersicum Solanaceae symptomatic  {BUK19SI Bukovica, Rence-Vogrsko, Slovenia
INSI19060 i Chenopodium polyspermum {Amaranthaceae isymptomatic  {BUK19SI Bukovica, Rence-Vogrsko, Slovenia
INSI19061  {Amaranthus graecizans Amaranthaceae isymptomatic  |BUK19SI Bukovica, Rence-Vogrsko, Slovenia
INSI19063 | Sonchus oleraceus Asteraceae symptomatic  {BUK19SI Bukovica, Rence-Vogrsko, Slovenia
INSI19064  |Plantago lanceolata Plantaginaceae {symptomatic  |BUK19SI Bukovica, Rence-Vogrsko, Slovenia
INSI19066 | Solanum lycopersicum Solanaceae asymptomatic |KOP19SI  {Spodnje Skofije, Koper, Slovenia (Koper Farm 1 of 4)
INSI19067 | Solanum lycopersicum Solanaceae asymptomatic  |KOP19SI  {Spodnje Skofije, Koper, Slovenia (Koper Farm 1 of 4)
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INSI19068 | Solanum lycopersicum Solanaceae asymptomatic |KOP19SI  {Spodnje Skofije, Koper, Slovenia (Koper Farm 1 of 4)
INSI19069 | Solanum lycopersicum Solanaceae asymptomatic  |KOP19S| Spodnje Skofije, Koper, Slovenia (Koper Farm 1 of 4)
INSI19070 | Solanum lycopersicum Solanaceae asymptomatic  |KOP19SI| Spodnie Skofije, Koper, Slovenia (Koper Farm 1 of 4)
INSI19071 Solanum lycopersicum Solanaceae symptomatic ~ {KOP19SI Spodnje Skofije, Koper, Slovenia (Koper Farm 1 of 4)
INSI19072 | Solanum lycopersicum Solanaceae symptomatic ~ {KOP19SI Spodnie Skofije, Koper, Slovenia (Koper Farm 1 of 4)
INSI19073 | Solanum lycopersicum Solanaceae symptomatic ~ [KOP19SI Spodnje Skofije, Koper, Slovenia (Koper Farm 1 of 4)
INSI119074 | Solanum lycopersicum Solanaceae symptomatic ~ |KOP19S| Spodnje Skofije, Koper, Slovenia (Koper Farm 1 of 4)
INSI19075 | Solanum lycopersicum Solanaceae symptomatic  [KOP19SI  iSpodnje Skofije, Koper, Slovenia (Koper Farm 1 of 4)
INSI19077 | Datura stramonium Solanaceae asymptomatic |KOP19S|  iSpodnje Skofije, Koper, Slovenia (Koper Farm 1 of 4)
INSI119078 | Solanum nigrum Solanaceae symptomatic  |KOP19S|  {Spodnje Skofije, Koper, Slovenia (Koper Farm 1 of 4)
INSI19080  |Mercurialis annua Euphorbiaceae isymptomatic  |KOP19S|  iSpodnje Skofije, Koper, Slovenia (Koper Farm 1 of 4)
INSI19082 | Convolvulus arvensis Convolvulaceae |symptomatic  |KOP19SI  iSpodnje Skofije, Koper, Slovenia (Koper Farm 1 of 4)
INSI19084 | Solanum lycopersicum Solanaceae asymptomatic  |PAR19SI Markova, Bertoki, Slovenia
INSI119085 | Solanum lycopersicum Solanaceae asymptomatic  |PAR19SI Markova, Bertoki, Slovenia
INSI19086 | Solanum lycopersicum Solanaceae asymptomatic  |PAR19SI Markova, Bertoki, Slovenia
INSI19087 | Solanum lycopersicum Solanaceae asymptomatic  |PAR19SI Markova, Bertoki, Slovenia
INSI19088 | Solanum lycopersicum Solanaceae asymptomatic  |PAR19SI Markova, Bertoki, Slovenia
INSI19089 | Solanum lycopersicum Solanaceae asymptomatic  |PAR19SI Markova, Bertoki, Slovenia
INSI19090 | Solanum lycopersicum Solanaceae asymptomatic  |PAR19SI Markova, Bertoki, Slovenia
INSI19091 Solanum lycopersicum Solanaceae asymptomatic  |PAR19SI Markova, Bertoki, Slovenia
INSI19092 | Solanum lycopersicum Solanaceae asymptomatic  |PAR19SI Markova, Bertoki, Slovenia
INSI19093 | Solanum lycopersicum Solanaceae asymptomatic  |PAR19SI Markova, Bertoki, Slovenia
INSI19081 Solanum lycopersicum Solanaceae symptomatic  |PAR19SI Markova, Bertoki, Slovenia
INSI119083 | Solanum lycopersicum Solanaceae symptomatic  |PAR19SI Markova, Bertoki, Slovenia
INSI119094 | Solanum lycopersicum Solanaceae symptomatic ~ |PAR19SI Markova, Bertoki, Slovenia
INSI19095 | Solanum lycopersicum Solanaceae symptomatic  |PAR19SI Markova, Bertoki, Slovenia
INSI19096 | Convolvulus arvensis Convolvulaceae isymptomatic  |PAR19SI Markova, Bertoki, Slovenia
INS119097 Amaranthus retroflexus Amaranthaceae isymptomatic PAR19SI Markova, Bertoki, Slovenia
INSI19098  |Mercurialis annua Euphorbiaceae isymptomatic ~ |PAR19SI Markova, Bertoki, Slovenia
INSI19099  |Chenopodium sp. Amaranthaceae isymptomatic ~ |PAR19SI Markova, Bertoki, Slovenia
INSI119103 | Solanum lycopersicum Solanaceae asymptomatic  |BOL19SI Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI19104 | Solanum lycopersicum Solanaceae asymptomatic  |BOL19SI Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI19105 | Solanum lycopersicum Solanaceae asymptomatic  |BOL19SI Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI19106 | Solanum lycopersicum Solanaceae asymptomatic  |BOL19S| Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI119107 | Solanum lycopersicum Solanaceae asymptomatic  |BOL19SI Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI19108 | Solanum lycopersicum Solanaceae asymptomatic  |BOL19SI Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI19109 | Solanum lycopersicum Solanaceae asymptomatic  |BOL19SI Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI19110 | Solanum lycopersicum Solanaceae asymptomatic  |BOL19SI Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI19111 Solanum lycopersicum Solanaceae asymptomatic  |BOL19SI Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI19112 | Solanum lycopersicum Solanaceae asymptomatic  |BOL19SI Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI19113 | Solanum lycopersicum Solanaceae asymptomatic  |BOL19SI Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI19100 | Solanum lycopersicum Solanaceae symptomatic ~ {BOL19SI Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI19101 Solanum lycopersicum Solanaceae symptomatic ~ {BOL19SI Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI19102 | Solanum lycopersicum Solanaceae symptomatic ~ {BOL19SI Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI19114 | Solanum lycopersicum Solanaceae symptomatic ~ {BOL19SI Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI19115 | Solanum lycopersicum Solanaceae symptomatic  |BOL19SI Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI19116 | Solanum lycopersicum Solanaceae symptomatic  |BOL19SI Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI19117 | Solanum lycopersicum Solanaceae symptomatic ~ |BOL19SI Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI119118 | Solanum lycopersicum Solanaceae symptomatic  |BOL19SI Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI19119  |Amaranthus retroflexus Amaranthaceae isymptomatic  |BOL19SI Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI19120 | Calystegia sepium Convolvulaceae isymptomatic  |BOL19SI Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI19121 Mercurialis annua Euphorbiaceae {symptomatic ~ |BOL19SI Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI19122 | Solanum lycopersicum Solanaceae symptomatic ~ {BOL19SI Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI19123 | Cichorium intybus Asteraceae symptomatic ~ {BOL19SI Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI19124 | Plantago major Plantaginaceae {symptomatic ~ |BOL19SI Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI19125  |Pastinaca sativa Apiaceae symptomatic | BOL19SI Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI19126 | Solanum lycopersicum Solanaceae symptomatic ~ |POR19SI Secovlje, Piran, Slovenia (Piran Farm 2 of 3)
INSI19128 | Solanum lycopersicum Solanaceae symptomatic ~ |POR19SI Secovlje, Piran, Slovenia (Piran Farm 2 of 3)
INSI119129 | Solanum lycopersicum Solanaceae symptomatic  |POR19S|  :Secovlje, Piran, Slovenia (Piran Farm 2 of 3)
INSI119134 | Solanum lycopersicum Solanaceae symptomatic ~ |POR19SI  :Secovlje, Piran, Slovenia (Piran Farm 2 of 3)
INSI19135 | Solanum lycopersicum Solanaceae symptomatic  |POR19SI  Secovlje, Piran, Slovenia (Piran Farm 2 of 3)
INSI19127 | Solanum lycopersicum Solanaceae asymptomatic |POR19SI  :Secovlje, Piran, Slovenia (Piran Farm 2 of 3)
INSI19130 | Solanum lycopersicum Solanaceae asymptomatic  |POR19SI Secovlje, Piran, Slovenia (Piran Farm 2 of 3)
INSI19131 Solanum lycopersicum Solanaceae asymptomatic  |POR19SI Secovlje, Piran, Slovenia (Piran Farm 2 of 3)
INSI19132 | Solanum lycopersicum Solanaceae asymptomatic  |POR19SI Secovlje, Piran, Slovenia (Piran Farm 2 of 3)
INSI19133 | Solanum lycopersicum Solanaceae asymptomatic  |POR19SI Secovlje, Piran, Slovenia (Piran Farm 2 of 3)
INSI19136  |Picris echioides Asteraceae symptomatic ~ [POR19SI Secovlje, Piran, Slovenia (Piran Farm 2 of 3)
INSI19137  |Pastinaca sativa Apiaceae symptomatic ~ {POR19SI Secovlje, Piran, Slovenia (Piran Farm 2 of 3)
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INSI19138  |Sorghum halepense Poaceae symptomatic ~ {POR19SI Secovlje, Piran, Slovenia (Piran Farm 2 of 3)
INSI19141  |Solanum lycopersicum Solanaceae asymptomatic  [KOR19S|  {Cmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI19142  |Solanum lycopersicum Solanaceae asymptomatic  [KOR19SI  iCmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI19143 |Solanum lycopersicum Solanaceae asymptomatic  [KOR19SI  {Cmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI19144 | Solanum lycopersicum Solanaceae asymptomatic  {KOR19SI Cmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI19145 |Solanum lycopersicum Solanaceae asymptomatic  [KOR19SI  {Cmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI19146 | Solanum lycopersicum Solanaceae asymptomatic  [KOR19SI  iCmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI19147 |Solanum lycopersicum Solanaceae asymptomatic  |KOR19SI Cmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI19148  |Solanum lycopersicum Solanaceae asymptomatic  [KOR19SI  {Cmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI19139 | Solanum lycopersicum Solanaceae symptomatic  |KOR19SI Cmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI19149 | Solanum lycopersicum Solanaceae symptomatic  {KOR19SI Cmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI119151 Solanum lycopersicum Solanaceae symptomatic ~ {KOR19SI Cmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI19152 | Solanum lycopersicum Solanaceae symptomatic ~ {KOR19SI Cmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI19153 | Solanum lycopersicum Solanaceae symptomatic ~ {KOR19SI Cmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI19154 | Solanum lycopersicum Solanaceae symptomatic ~ |KOR19SI Cmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI19155 | Solanum lycopersicum Solanaceae symptomatic  |KOR19S| iCmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI19140  |Chenopodium sp. Amaranthaceae {symptomatic  |KOR19SI  {Cmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI19150  |Chenopodium sp. Amaranthaceae {symptomatic  |KOR19SI iCmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI19156  |Pastinaca sativa Apiaceae symptomatic  [KOR19SI  {Cmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI19157  |Erigeron annuus Asteraceae symptomatic  [KOR19SI  {Cmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI19158  |Ranunculus repens Ranunculaceae isymptomatic ~ |KOR19SI Cmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
P29Pv-PK2 |Phaseolus vulgaris Fabaceae (internal or alien sequencing control for set of samples collected in 2019)
P30Pv-PK1 |Phaseolus vulgaris Fabaceae (intemal or alien sequencing control for set of samples collected in 2019)
INSI20001 Solanum lycopersicum Solanaceae symptomatic  |BER20SI Beri¢evo, Dol pri Ljubljani, Slovenia
INSI20002 | Solanum lycopersicum Solanaceae symptomatic  [BER20SI Beri¢evo, Dol pri Ljubljani, Slovenia
INSI20003 | Solanum lycopersicum Solanaceae symptomatic  |BER20SI Beri¢evo, Dol pri Ljubljani, Slovenia
INSI20004 | Solanum lycopersicum Solanaceae symptomatic ~ {BER20SI Beri¢evo, Dol pri Ljubljani, Slovenia
INSI20005 | Solanum lycopersicum Solanaceae symptomatic ~ |BER20SI Beri¢evo, Dol pri Ljubljani, Slovenia
INSI20006 | Solanum lycopersicum Solanaceae symptomatic  |BER20SI Berievo, Dol pri Ljubljani, Slovenia
INSI20007 | Solanum lycopersicum Solanaceae symptomatic ~ {BER20SI Beri¢evo, Dol pri Ljubljani, Slovenia
INSI20008 | Solanum lycopersicum Solanaceae symptomatic ~ |BER20SI Beri¢evo, Dol pri Ljubljani, Slovenia
INSI20009 | Solanum lycopersicum Solanaceae symptomatic  |BER20SI Beri¢evo, Dol pri Ljubljani, Slovenia
INSI20010 | Solanum lycopersicum Solanaceae symptomatic  |BER20SI Beri¢evo, Dol pri Ljubljani, Slovenia
INSI20011 | Solanum lycopersicum Solanaceae symptomatic | BER20SI Beri¢evo, Dol pri Ljubljani, Slovenia
INSI20012  |Solanum lycopersicum Solanaceae symptomatic | BER20SI Berievo, Dol pri Ljubljani, Slovenia
INSI20013 | Taraxacum officinale Asteraceae symptomatic | BER20SI Beri¢evo, Dol pri Ljubljani, Slovenia
INSI20014 | Solanum nigrum Solanaceae symptomatic ~ |BER20SI Beri¢evo, Dol pri Ljubljani, Slovenia
INSI20015  |Capsella bursa-pastoris Brassicaceae  isymptomatic  |BER20SI Beri¢evo, Dol pri Ljubljani, Slovenia
INSI20016 | Solanum lycopersicum Solanaceae asymptomatic  |BER20SI Beri¢evo, Dol pri Ljubljani, Slovenia
INSI20017 | Solanum lycopersicum Solanaceae asymptomatic  |BER20SI Beri¢evo, Dol pri Ljubljani, Slovenia
INSI20018 | Solanum lycopersicum Solanaceae asymptomatic  |BER20SI Beri¢evo, Dol pri Ljubljani, Slovenia
INSI20019 | Solanum lycopersicum Solanaceae asymptomatic  |BER20SI Beri¢evo, Dol pri Ljubljani, Slovenia
INSI20020 | Solanum lycopersicum Solanaceae asymptomatic  |BER20SI Beri¢evo, Dol pri Ljubljani, Slovenia
INS120021 Capsella bursa-pastoris Brassicaceae  {symptomatic  |BER20SI Beri¢evo, Dol pri Ljubljani, Slovenia
INSI20022 Solanum nigrum Solanaceae symptomatic BER20SI| Beri¢evo, Dol pri Ljubljani, Slovenia
INSI20023  |Solanum tuberosum Solanaceae symptomatic ~ {BER20SI Beri¢evo, Dol pri Ljubljani, Slovenia
INSI20024  |Polygonum sp. Polygonaceae  isymptomatic  |BER20SI Berievo, Dol pri Ljubljani, Slovenia
INSI20025 Veronica sp. Plantaginaceae isymptomatic  |BER20SI Berievo, Dol pri Ljubljani, Slovenia
INSI20027  |Convolvulus arvensis Convolvulaceae isymptomatic  |BER20SI Berievo, Dol pri Ljubljani, Slovenia
INSI20028  |Calystegia sp. Convolvulaceae {symptomatic  |BER20SI Beri¢evo, Dol pri Ljubljani, Slovenia
INSI20029  |Solanum lycopersicum Solanaceae symptomatic  |STR20SI Strunjan, Slovenia (Piran Farm 3 of 3)
INSI120030 | Solanum lycopersicum Solanaceae symptomatic  {STR20SI Strunjan, Slovenia (Piran Farm 3 of 3)
INSI20031 Solanum lycopersicum Solanaceae symptomatic  {STR20SI Strunjan, Slovenia (Piran Farm 3 of 3)
INSI20032 | Solanum lycopersicum Solanaceae symptomatic ~ |STR20SI Strunjan, Slovenia (Piran Farm 3 of 3)
INSI120033 | Solanum lycopersicum Solanaceae symptomatic ~ {STR20SI Strunjan, Slovenia (Piran Farm 3 of 3)
INSI20033F | Solanum lycopersicum Solanaceae symptomatic ~ |STR20SI Strunjan, Slovenia (Piran Farm 3 of 3)
INSI20034  |Solanum lycopersicum Solanaceae symptomatic  |STR20SI Strunjan, Slovenia (Piran Farm 3 of 3)
INSI20034F | Solanum lycopersicum Solanaceae symptomatic  {STR20SI Strunjan, Slovenia (Piran Farm 3 of 3)
INSI20035 | Solanum lycopersicum Solanaceae symptomatic ~ |STR20SI Strunjan, Slovenia (Piran Farm 3 of 3)
INSI20036 | Solanum lycopersicum Solanaceae symptomatic ~ {STR20SI Strunjan, Slovenia (Piran Farm 3 of 3)
INSI20037 | Solanum lycopersicum Solanaceae symptomatic  |STR20SI Strunjan, Slovenia (Piran Farm 3 of 3)
INSI20038 | Solanum lycopersicum Solanaceae symptomatic ~ |STR20SI Strunjan, Slovenia (Piran Farm 3 of 3)
INSI20038F | Solanum lycopersicum Solanaceae symptomatic  |STR20SI Strunjan, Slovenia (Piran Farm 3 of 3)
INSI20039  |Solanum lycopersicum Solanaceae symptomatic ~ |STR20SI Strunjan, Slovenia (Piran Farm 3 of 3)
INSI20039F | Solanum lycopersicum Solanaceae symptomatic  |STR20SI Strunjan, Slovenia (Piran Farm 3 of 3)
INSI120040 | Solanum lycopersicum Solanaceae asymptomatic  |STR20SI Strunjan, Slovenia (Piran Farm 3 of 3)
INS120041 Solanum lycopersicum Solanaceae asymptomatic  {STR20SI Strunjan, Slovenia (Piran Farm 3 of 3)
INSI120042 | Solanum lycopersicum Solanaceae asymptomatic  {STR20SI Strunjan, Slovenia (Piran Farm 3 of 3)
INSI20043 | Solanum lycopersicum Solanaceae asymptomatic  {STR20SI Strunjan, Slovenia (Piran Farm 3 of 3)
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INSI20044 | Solanum lycopersicum Solanaceae asymptomatic  |STR20SI Strunjan, Slovenia (Piran Farm 3 of 3)
INSI20045  |Mercurialis annua Euphorbiaceae {symptomatic ~ |STR20SI Strunjan, Slovenia (Piran Farm 3 of 3)
INSI20046 | Sonchus asper Asteraceae symptomatic  |STR20SI Strunjan, Slovenia (Piran Farm 3 of 3)
INSI20047  |Amaranthus retroflexus Amaranthaceae isymptomatic ~ |STR20S| Strunjan, Slovenia (Piran Farm 3 of 3)
INSI20048 | Solanum nigrum Solanaceae symptomatic  {STR20SI Strunjan, Slovenia (Piran Farm 3 of 3)
INSI20049 | Veronica persicae Plantaginaceae symptomatic  |STR20SI Strunjan, Slovenia (Piran Farm 3 of 3)
INSI20051  |Portulaca oleracea Portulacaceae  isymptomatic  |STR20SI Strunjan, Slovenia (Piran Farm 3 of 3)
INSI20052  |Datura stramonium Solanaceae symptomatic  {STR20SI Strunjan, Slovenia (Piran Farm 3 of 3)
INSI20053 | Solanum nigrum Solanaceae symptomatic  {STR20SI Strunjan, Slovenia (Piran Farm 3 of 3)
INSI20054 |Datura stramonium Solanaceae symptomatic  |STR20SI Strunjan, Slovenia (Piran Farm 3 of 3)
INSI20055 | Solanum lycopersicum Solanaceae symptomatic  |STR20SI Strunjan, Slovenia (Piran Farm 3 of 3)
INSI20056 | Chenopodium album Amaranthaceae isymptomatic  [STR20S| Strunjan, Slovenia (Piran Farm 3 of 3)
INSI20057 | Solanum lycopersicum Solanaceae symptomatic ~ {BOL20SI Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI20058 | Solanum lycopersicum Solanaceae asymptomatic  |BOL20S]I Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI20059 | Solanum lycopersicum Solanaceae symptomatic ~ {BOL20S]I Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI20060 | Solanum lycopersicum Solanaceae symptomatic ~ |BOL20S]I Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI120061 Solanum lycopersicum Solanaceae symptomatic ~ |BOL20S]I Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI20062 | Solanum lycopersicum Solanaceae symptomatic ~ {BOL20S]I Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI20063 | Solanum lycopersicum Solanaceae asymptomatic  |BOL20S]I Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI20064 | Solanum lycopersicum Solanaceae symptomatic ~ {BOL20SI Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI20066 | Solanum lycopersicum Solanaceae symptomatic  {BOL20SI Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI20067 | Solanum lycopersicum Solanaceae symptomatic  {BOL20SI Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI20068 | Solanum lycopersicum Solanaceae asymptomatic  {BOL20SI Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI20069 | Solanum lycopersicum Solanaceae asymptomatic  {BOL20SI Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI20070 | Convolvulus arvensis Convolvulaceae {symptomatic  |BOL20SI Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI120071 Solanum lycopersicum Solanaceae asymptomatic  |BOL20S]I Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI20072  |Convolvulus arvensis Convolvulaceae isymptomatic  {BOL20SI Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI20073  |Convolvulus arvensis Convolvulaceae isymptomatic  {BOL20SI Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI20074 | Cichorium intybus Asteraceae symptomatic ~ {BOL20S]I Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI20075  |Picris echioides Asteraceae symptomatic ~ |BOL20S]I Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI20076 | Clematis viticella Ranunculaceae isymptomatic  {BOL20SI Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI120077 Cichorium intybus Asteraceae symptomatic BOL20SI Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI20078  |Picris echioides Asteraceae symptomatic ~ |BOL20S]I Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI20080 |Picris echioides Asteraceae symptomatic ~ |BOL20S]I Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI120081 Picris echioides Asteraceae symptomatic ~ |BOL20S]I Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI20082  |Picris echioides Asteraceae symptomatic  {BOL20SI Lucija, Piran, Slovenia (Piran Farm 1 of 3)
INSI20083 | Solanum lycopersicum Solanaceae symptomatic  {MIR20SI Miren-Kostanjevica, Slovenia
INSI20084 | Solanum lycopersicum Solanaceae symptomatic  {MIR20SI Miren-Kostanjevica, Slovenia
INSI20084F | Solanum lycopersicum Solanaceae symptomatic  {MIR20SI Miren-Kostanjevica, Slovenia
INSI20085 | Solanum lycopersicum Solanaceae symptomatic  {MIR20SI Miren-Kostanjevica, Slovenia
INSI20086 | Solanum lycopersicum Solanaceae asymptomatic  |MIR20S| Miren-Kostanjevica, Slovenia
INSI20087 | Solanum lycopersicum Solanaceae asymptomatic  IMIR20SI Miren-Kostanjevica, Slovenia
INSI20088 | Solanum lycopersicum Solanaceae symptomatic  {MIR20SI Miren-Kostanjevica, Slovenia
INSI20088F | Solanum lycopersicum Solanaceae symptomatic ~ |MIR20SI Miren-Kostanjevica, Slovenia
INSI20089 | Solanum lycopersicum Solanaceae symptomatic ~ |MIR20SI Miren-Kostanjevica, Slovenia
INSI20090 | Solanum lycopersicum Solanaceae symptomatic  |MIR20SI Miren-Kostanjevica, Slovenia
INSI120091 Solanum lycopersicum Solanaceae symptomatic ~ {MIR20SI Miren-Kostanjevica, Slovenia
INSI20092 | Solanum lycopersicum Solanaceae asymptomatic  |MIR20SI Miren-Kostanjevica, Slovenia
INSI20093 | Solanum lycopersicum Solanaceae asymptomatic  |MIR20SI Miren-Kostanjevica, Slovenia
INSI20094  |Artemisia verlotiorum Asteraceae symptomatic ~ {MIR20SI Miren-Kostanjevica, Slovenia
INSI20095 | Parietaria judaica Urticaceae symptomatic  {MIR20SI Miren-Kostanjevica, Slovenia
INSI20096 | Solanum nigrum Solanaceae asymptomatic  {MIR20S| Miren-Kostanjevica, Slovenia
INSI20097 | Trifolium repens Fabaceae symptomatic  {MIR20SI Miren-Kostanjevica, Slovenia
INSI20098 | Salvia pratensis Lamiaceae symptomatic  {MIR20SI Miren-Kostanjevica, Slovenia
INSI20099 | Trifolium pratense Fabaceae symptomatic  {MIR20SI Miren-Kostanjevica, Slovenia
INSI20100  |Plantago major Plantaginaceae symptomatic  {MIR20SI Miren-Kostanjevica, Slovenia
INSI120101 Solanum lycopersicum Solanaceae symptomatic  |KOP20SI| Spodnje Skofije, Koper, Slovenia (Koper Farm 1 of 4)
INSI20102 | Solanum nigrum Solanaceae asymptomatic  |KOP20SI| Spodnje Skofije, Koper, Slovenia (Koper Farm 1 of 4)
INSI20103 | Solanum lycopersicum Solanaceae asymptomatic  |KOP20SI| Spodnje Skofije, Koper, Slovenia (Koper Farm 1 of 4)
INSI20104 | Solanum lycopersicum Solanaceae asymptomatic  |KOP20SI Spodnje Skofije, Koper, Slovenia (Koper Farm 1 of 4)
INSI20105 | Solanum lycopersicum Solanaceae asymptomatic  |KOP20SI| Spodnje Skofije, Koper, Slovenia (Koper Farm 1 of 4)
INSI20106 | Solanum lycopersicum Solanaceae symptomatic  {KOP20SI Spodnje Skofije, Koper, Slovenia (Koper Farm 1 of 4)
INSI20106F | Solanum lycopersicum Solanaceae symptomatic  {KOP20SI  {Spodnje Skofije, Koper, Slovenia (Koper Farm 1 of 4)
INSI20107 | Solanum lycopersicum Solanaceae asymptomatic  [KOP20SI  {Spodnje Skofije, Koper, Slovenia (Koper Farm 1 of 4)
INSI20108 | Solanum lycopersicum Solanaceae symptomatic  |KOP20SI  {Spodnje Skofije, Koper, Slovenia (Koper Farm 1 of 4)
INSI20109  |Parietaria judaica Urticaceae symptomatic ~ {KOP20S| Spodnje Skofije, Koper, Slovenia (Koper Farm 1 of 4)
INSI20110 | Convolvulus arvensis Convolvulaceae |symptomatic  |[KOP20S|  iSpodnje Skofije, Koper, Slovenia (Koper Farm 1 of 4)
INSI20111 | Mercurialis annua Euphorbiaceae |symptomatic  |KOP20SI  {Spodnje Skofije, Koper, Slovenia (Koper Farm 1 of 4)
INSI20112 | Mercurialis annua Euphorbiaceae |symptomatic  |KOP20SI  {Spodnje Skofije, Koper, Slovenia (Koper Farm 1 of 4)
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Supplementary Table 1. (continued rows).

Sampling  {Sampling location address (municipality or town name, and

Sample ID _ |Plant species Plant family Health status location ID-—farm number in case of multiple farms visited)

INSI20113 | Taraxacum officinale Asteraceae symptomatic  |KOP20SI  {Spodnje Skofije, Koper, Slovenia (Koper Farm 1 of 4)
INSI20114 | Sonchus oleraceus Asteraceae symptomatic  {KOP20SI  Spodnje Skofije, Koper, Slovenia (Koper Farm 1 of 4)
INSI20115  |Sonchus oleraceus Asteraceae symptomatic  |KOP20SI  iSpodnje Skofije, Koper, Slovenia (Koper Farm 1 of 4)
INSI20116 | Solanum lycopersicum Solanaceae symptomatic  {KOP20SI Spodnje Skofije, Koper, Slovenia (Koper Farm 1 of 4)
INSI20117 | Solanum lycopersicum Solanaceae symptomatic  {KOP20SI| Spodnje Skofije, Koper, Slovenia (Koper Farm 1 of 4)
INSI20118 | Solanum lycopersicum Solanaceae symptomatic ~ |KOP20SI Spodnje Skofije, Koper, Slovenia (Koper Farm 1 of 4)
INSI20119 | Solanum lycopersicum Solanaceae symptomatic  |KOP20SI Spodnje Skofije, Koper, Slovenia (Koper Farm 1 of 4)
INSI20120  |Portulaca oleracea Portulacaceae  isymptomatic ~ |KOP20SI Spodnje Skofije, Koper, Slovenia (Koper Farm 1 of 4)
INSI120121 Picris echioides Asteraceae symptomatic ~ |KOP20SI Spodnje Skofije, Koper, Slovenia (Koper Farm 1 of 4)
INSI20122 | Calystegia sepium Convolvulaceae |symptomatic  {KOP20SI Spodnje Skofije, Koper, Slovenia (Koper Farm 1 of 4)
INSI20123 | Solanum lycopersicum Solanaceae symptomatic  {SKO20SI  {Spodnje Skofije, Koper, Slovenia (Koper Farm 3 of 4)
INSI20124 | Solanum lycopersicum Solanaceae symptomatic  {SKO20SI  {Spodnje Skofije, Koper, Slovenia (Koper Farm 3 of 4)
INSI20124F | Solanum lycopersicum Solanaceae symptomatic  {SKO20SI  {Spodnje Skofije, Koper, Slovenia (Koper Farm 3 of 4)
INSI20125 | Solanum lycopersicum Solanaceae symptomatic  {SKO20SI  {Spodnje Skofije, Koper, Slovenia (Koper Farm 3 of 4)
INSI20125F | Solanum lycopersicum Solanaceae symptomatic  [SKO20S|  iSpodnje Skofije, Koper, Slovenia (Koper Farm 3 of 4)
INSI20126 | Solanum lycopersicum Solanaceae symptomatic  {SKO20SI Spodnje Skofije, Koper, Slovenia (Koper Farm 3 of 4)
INSI20126F | Solanum lycopersicum Solanaceae symptomatic  |SKO20SI  {Spodnje Skofije, Koper, Slovenia (Koper Farm 3 of 4)
INSI20127 | Solanum lycopersicum Solanaceae symptomatic  [SKO20S|  iSpodnje Skofije, Koper, Slovenia (Koper Farm 3 of 4)
INSI20128 | Solanum lycopersicum Solanaceae symptomatic  [SKO20S|  iSpodnje Skofije, Koper, Slovenia (Koper Farm 3 of 4)
( )

( )

( )

( )

( )

( )

( )

( )

( )

( )

( )
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( )

( )

( )

( )

)

-

INSI20129 | Solanum lycopersicum Solanaceae symptomatic  |SKO20S| Spodnje Skofije, Koper, Slovenia (Koper Farm 3 of 4
INSI20130 | Solanum lycopersicum Solanaceae asymptomatic  {SKO20S| Spodnje Skofije, Koper, Slovenia (Koper Farm 3 of 4
INSI120131 Solanum lycopersicum Solanaceae asymptomatic  |SKO20SI| Spodnje Skofije, Koper, Slovenia (Koper Farm 3 of 4
INSI20132 | Solanum lycopersicum Solanaceae symptomatic ~ |SKO20S| Spodnje Skofije, Koper, Slovenia (Koper Farm 3 of 4
INSI20133 | Solanum lycopersicum Solanaceae asymptomatic  |SKO20SI Spodnje Skofije, Koper, Slovenia (Koper Farm 3 of 4
INSI20134 | Solanum lycopersicum Solanaceae asymptomatic  |SKO20S| Spodnje Skofije, Koper, Slovenia (Koper Farm 3 of 4
INSI20135 | Solanum lycopersicum Solanaceae asymptomatic  {SKO20S| Spodnje Skofije, Koper, Slovenia (Koper Farm 3 of 4
INSI20136  |Convolvulus arvensis Convolvulaceae isymptomatic ~ {SKO20SI Spodnje Skofije, Koper, Slovenia (Koper Farm 3 of 4
INSI20137  |Artemisia vulgaris Asteraceae symptomatic ~ |SKO20S| Spodnje Skofije, Koper, Slovenia (Koper Farm 3 of 4
INSI20138  |Picris echioides Asteraceae symptomatic ~ |SKO20S| Spodnje Skofije, Koper, Slovenia (Koper Farm 3 of 4
INSI20139  |Cirsium arvense Asteraceae symptomatic ~ {SKO20SI Spodnje Skofije, Koper, Slovenia (Koper Farm 3 of 4
INSI20140 | Solanum nigrum Solanaceae symptomatic  iSKO20SI Spodnje Skofije, Koper, Slovenia (Koper Farm 3 of 4
INSI120141 Sonchus asper Asteraceae symptomatic  {SKO20SI Spodnje Skofije, Koper, Slovenia (Koper Farm 3 of 4
INSI20142 | Solanum nigrum Solanaceae symptomatic  {SKO20SI  {Spodnje Skofije, Koper, Slovenia (Koper Farm 3 of 4
INSI20143  |Euphorbia helioscopia Euphorbiaceae isymptomatic  {SKO20SI Spodnje Skofije, Koper, Slovenia (Koper Farm 3 of 4
INSI120144 Taraxacum officinale Asteraceae symptomatic  {SKO20SI Spodnje Skofije, Koper, Slovenia (Koper Farm 3 of 4
INSI120145 | Sonchus asper Asteraceae symptomatic  |SKO20S| Spodnje Skofije, Koper, Slovenia (Koper Farm 3 of 4
INSI20146 | Solanum lycopersicum Solanaceae symptomatic ~ |KOR20SI| Cmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI20146F | Solanum lycopersicum Solanaceae symptomatic  |KOR20SI Cmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI20147 | Solanum lycopersicum Solanaceae asymptomatic  |KOR20SI Cmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI20148 | Solanum lycopersicum Solanaceae symptomatic  |KOR20SI Cmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI20149 | Solanum lycopersicum Solanaceae symptomatic  {KOR20SI Cmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI20150 | Solanum lycopersicum Solanaceae symptomatic  |KOR20SI  {Cmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI20151 Solanum lycopersicum Solanaceae symptomatic  {KOR20SI Cmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI20152 | Solanum lycopersicum Solanaceae asymptomatic  {KOR20SI  {Cmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI20153F | Solanum lycopersicum Solanaceae symptomatic  |KOR20SI  {Cmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI20154 | Solanum lycopersicum Solanaceae symptomatic  {KOR20SI  {Cmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI20154F | Solanum lycopersicum Solanaceae symptomatic  {KOR20SI Cmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI20155 | Solanum lycopersicum Solanaceae symptomatic  [KOR20SI  iCmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI20155F | Solanum lycopersicum Solanaceae symptomatic  |KOR20SI  {Cmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI20156 | Solanum lycopersicum Solanaceae symptomatic  {KOR20SI  :Cmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI20156F | Solanum lycopersicum Solanaceae symptomatic  |KOR20SI Cmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI20157 | Solanum lycopersicum Solanaceae asymptomatic  |KOR20S| Cmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI20158 | Solanum lycopersicum Solanaceae asymptomatic  {KOR20SI| Cmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI20159 | Solanum lycopersicum Solanaceae asymptomatic  |KOR20SI Cmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI20160 | Chenopodium album Amaranthaceae {symptomatic ~ |KOR20SI Cmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI120161 Cirsium arvense Asteraceae symptomatic  |KOR20SI Cmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI20162 | Chenopodium album Amaranthaceae {symptomatic  [KOR20SI  iCmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI20163 | Calystegia sepium Convolvulaceae {symptomatic ~ {KOR20SI Cmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI20164 | Solanum nigrum Solanaceae symptomatic  {KOR20SI  {Cmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI20165 | Taraxacum officinale Asteraceae symptomatic  {KOR20SI {Cmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI20166 | Solanum lycopersicum Solanaceae symptomatic  {KOR20SI  {Cmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI20167 | Solanum nigrum Solanaceae symptomatic  {KOR20SI  {Cmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI20168  |Pastinaca sativa Apiaceae symptomatic  {KOR20SI Cmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI20169  |Mentha spicata Lamiaceae symptomatic  {KOR20SI Cmi Kal, Koper, Slovenia (Koper Farm 4 of 4)
INSI20170 | Solanum lycopersicum Solanaceae symptomatic  {PLE20SI Otocec, Novo Mesto, Slovenia (Novo Mesto Farm 2 of 3
INSI20170F | Solanum lycopersicum Solanaceae symptomatic  |PLE20SI Otocec, Novo Mesto, Slovenia (Novo Mesto Farm 2 of 3
INSI120171 Solanum lycopersicum Solanaceae symptomatic  |PLE20SI Otocec, Novo Mesto, Slovenia

)
( )
(Novo Mesto Farm 2 of 3)
INSI20172 | Solanum lycopersicum Solanaceae symptomatic  |PLE20SI Otocec, Novo Mesto, Slovenia (Novo Mesto Farm 2 of 3)
INSI20173 | Solanum lycopersicum Solanaceae symptomatic  |PLE20SI Otocec, Novo Mesto, Slovenia (Novo Mesto Farm 2 of 3)
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INSI20174 | Solanum lycopersicum Solanaceae symptomatic  |PLE20SI Otocec, Novo Mesto, Slovenia (Novo Mesto Farm 2 of 3)
INSI20174F | Solanum lycopersicum Solanaceae symptomatic ~ |PLE20SI Otocec, Novo Mesto, Slovenia (Novo Mesto Farm 2 of 3)
INSI20175 | Solanum lycopersicum Solanaceae asymptomatic  |PLE20SI Otocec, Novo Mesto, Slovenia (Novo Mesto Farm 2 of 3)
INSI20176 | Solanum lycopersicum Solanaceae asymptomatic  |PLE20SI Otocec, Novo Mesto, Slovenia (Novo Mesto Farm 2 of 3)
INSI20177 | Solanum lycopersicum Solanaceae symptomatic  |PLE20SI Otocec, Novo Mesto, Slovenia (Novo Mesto Farm 2 of 3)
INSI20177F | Solanum lycopersicum Solanaceae symptomatic ~ |PLE20SI Otocec, Novo Mesto, Slovenia (Novo Mesto Farm 2 of 3)
INSI20178 | Solanum lycopersicum Solanaceae symptomatic ~ |PLE20SI Otocec, Novo Mesto, Slovenia (Novo Mesto Farm 2 of 3)
INSI20179 | Solanum lycopersicum Solanaceae symptomatic ~ |PLE20SI Otocec, Novo Mesto, Slovenia (Novo Mesto Farm 2 of 3)
INSI20180 | Solanum lycopersicum Solanaceae symptomatic ~ {PLE20SI Otocec, Novo Mesto, Slovenia (Novo Mesto Farm 2 of 3)
INSI20180F | Solanum lycopersicum Solanaceae symptomatic  {PLE20SI Otocec, Novo Mesto, Slovenia (Novo Mesto Farm 2 of 3)
INSI20181 Solanum lycopersicum Solanaceae symptomatic  |PLE20SI Otocec, Novo Mesto, Slovenia (Novo Mesto Farm 2 of 3)
INSI20181F | Solanum lycopersicum Solanaceae symptomatic  {PLE20SI Otocec, Novo Mesto, Slovenia (Novo Mesto Farm 2 of 3)
INSI20183 | Solanum lycopersicum Solanaceae symptomatic  |PLE20SI Otocec, Novo Mesto, Slovenia (Novo Mesto Farm 2 of 3)
INSI20183F | Solanum lycopersicum Solanaceae symptomatic PLE20SI Otocec, Novo Mesto, Slovenia (Novo Mesto Farm 2 of 3)
INSI20184F | Solanum lycopersicum Solanaceae symptomatic  {PLE20SI Otocec, Novo Mesto, Slovenia (Novo Mesto Farm 2 of 3)
INSI20185 | Solanum lycopersicum Solanaceae asymptomatic  |PLE20SI Otocec, Novo Mesto, Slovenia (Novo Mesto Farm 2 of 3)
INSI20186 | Solanum lycopersicum Solanaceae asymptomatic  |PLE20SI Otocec, Novo Mesto, Slovenia (Novo Mesto Farm 2 of 3)
INSI20187 | Solanum lycopersicum Solanaceae asymptomatic  |PLE20SI Otocec, Novo Mesto, Slovenia (Novo Mesto Farm 2 of 3)
INSI20188  |Rumex sp. Polygonaceae isymptomatic ~ |PLE20SI Otocec, Novo Mesto, Slovenia (Novo Mesto Farm 2 of 3)
INSI20189  |Portulaca oleracea Portulacaceae  {symptomatic ~ |PLE20SI Otocec, Novo Mesto, Slovenia (Novo Mesto Farm 2 of 3)
INSI20191 Portulaca sp. Portulacaceae  isymptomatic  {PLE20SI Otocec, Novo Mesto, Slovenia (Novo Mesto Farm 2 of 3)
INSI20192  |Lamium amplexicaule Lamiaceae symptomatic ~ |PLE20SI Otocec, Novo Mesto, Slovenia (Novo Mesto Farm 2 of 3)
INSI20193  |Amaranthus retroflexus Amaranthaceae {asymptomatic  |PLE20SI Otocec, Novo Mesto, Slovenia (Novo Mesto Farm 2 of 3)
INSI20194 | Taraxacum officinale Asteraceae symptomatic ~ |PLE20SI Otocec, Novo Mesto, Slovenia (Novo Mesto Farm 2 of 3)
INSI20195  |Erigeron annuus Asteraceae symptomatic  {PLE20SI Otocec, Novo Mesto, Slovenia (Novo Mesto Farm 2 of 3)
INSI20196  |Amaranthus retroflexus Amaranthaceae |symptomatic  |PLE20SI Otocec, Novo Mesto, Slovenia (Novo Mesto Farm 2 of 3)
INSI20197  |Amaranthus retroflexus Amaranthaceae {symptomatic  |PLE20SI Otocec, Novo Mesto, Slovenia (Novo Mesto Farm 2 of 3)
INSI20199 |Convolvulus sp. Convolvulaceae isymptomatic  {PLE20SI Otocec, Novo Mesto, Slovenia (Novo Mesto Farm 2 of 3)
INSI20200 | Solanum lycopersicum Solanaceae symptomatic  |PLE20SI Otocec, Novo Mesto, Slovenia (Novo Mesto Farm 2 of 3)
INSI20200F | Solanum lycopersicum Solanaceae symptomatic  |PLE20SI Otocec, Novo Mesto, Slovenia (Novo Mesto Farm 2 of 3)
INSI120201 Solanum lycopersicum Solanaceae symptomatic  {JUR20SI Podbocje, Novo Mesto, Slovenia (Novo Mesto Farm 1 of 3)
INSI20201F | Solanum lycopersicum Solanaceae symptomatic  |JUR20SI Podbodje, Novo Mesto, Slovenia (Novo Mesto Farm 1 of 3)
INSI20202 | Solanum lycopersicum Solanaceae symptomatic  |JUR20SI Podbocje, Novo Mesto, Slovenia (Novo Mesto Farm 1 of 3)
INSI20203 | Solanum lycopersicum Solanaceae symptomatic ~ |JUR20SI Podbocje, Novo Mesto, Slovenia (Novo Mesto Farm 1 of 3)
INSI20204 | Solanum lycopersicum Solanaceae symptomatic | JUR20SI Podbocje, Novo Mesto, Slovenia (Novo Mesto Farm 1 of 3)
INSI20205 | Solanum lycopersicum Solanaceae symptomatic | JUR20SI Podbocje, Novo Mesto, Slovenia (Novo Mesto Farm 1 of 3)
INSI20206  |Chenopodium sp. Amaranthaceae {symptomatic ~ |JUR20SI Podbocje, Novo Mesto, Slovenia (Novo Mesto Farm 1 of 3)
INSI20207 | Solanum lycopersicum Solanaceae symptomatic | JUR20SI Podbocje, Novo Mesto, Slovenia (Novo Mesto Farm 1 of 3)
INSI20207F | Solanum lycopersicum Solanaceae symptomatic  |JUR20SI Podbocje, Novo Mesto, Slovenia (Novo Mesto Farm 1 of 3)
INSI20208 | Solanum lycopersicum Solanaceae symptomatic ~ |JUR20SI Podbocje, Novo Mesto, Slovenia (Novo Mesto Farm 1 of 3)
INSI20209 | Solanum lycopersicum Solanaceae symptomatic  {JUR20SI Podboéje, Novo Mesto, Slovenia (Novo Mesto Farm 1 of 3)
INSI20210 | Solanum lycopersicum Solanaceae symptomatic  {JUR20SI Podbocéje, Novo Mesto, Slovenia (Novo Mesto Farm 1 of 3)
INSI20210F | Solanum lycopersicum Solanaceae symptomatic  |JUR20SI Podbocéje, Novo Mesto, Slovenia (Novo Mesto Farm 1 of 3)
INS[20211 Solanum lycopersicum Solanaceae symptomatic  {JUR20SI Podbocje, Novo Mesto, Slovenia (Novo Mesto Farm 1 of 3)
INSI20211F | Solanum lycopersicum Solanaceae symptomatic  {JUR20SI Podbogje, Novo Mesto, Slovenia (Novo Mesto Farm 1 of 3)
INSI20212  |Amaranthus retroflexus Amaranthaceae {symptomatic  [JUR20SI Podbocje, Novo Mesto, Slovenia (Novo Mesto Farm 1 of 3)
INSI20213  |Amaranthus retroflexus Amaranthaceae {symptomatic  {JUR20SI Podbocje, Novo Mesto, Slovenia (Novo Mesto Farm 1 of 3)
INSI20214 | Solanum dulcamara Solanaceae asymptomatic  |JUR20SI Podbocje, Novo Mesto, Slovenia (Novo Mesto Farm 1 of 3)
INSI20215  |Chenopodium sp. Amaranthaceae {symptomatic  [JUR20SI Podbocje, Novo Mesto, Slovenia (Novo Mesto Farm 1 of 3)
INSI20216  |Physalis sp. Solanaceae symptomatic  |JUR20SI Podbocje, Novo Mesto, Slovenia (Novo Mesto Farm 1 of 3)
INSI20217  |Solanum sp. Solanaceae asymptomatic  |JUR20SI Podbocje, Novo Mesto, Slovenia (Novo Mesto Farm 1 of 3)
INSI20218 | Convolvulus arvensis Convolvulaceae |symptomatic  {JUR20SI Podboéje, Novo Mesto, Slovenia (Novo Mesto Farm 1 of 3)
INSI20219  |Chenopodium quinoa Amaranthaceae {symptomatic ~ |JUR20SI Podbocje, Novo Mesto, Slovenia (Novo Mesto Farm 1 of 3)
INSI20220  |Chenopodium quinoa Amaranthaceae isymptomatic  |JUR20SI Podbocje, Novo Mesto, Slovenia (Novo Mesto Farm 1 of 3)
INSI20221F | Solanum lycopersicum Solanaceae symptomatic  |JUR20SI Podbocje, Novo Mesto, Slovenia (Novo Mesto Farm 1 of 3)
INSI20222  |Sonchus sp. Asteraceae symptomatic ~ |JUR20SI Podbocje, Novo Mesto, Slovenia (Novo Mesto Farm 1 of 3)
INSI20223 | Solanum lycopersicum Solanaceae asymptomatic  {JUR20SI Podboéje, Novo Mesto, Slovenia (Novo Mesto Farm 1 of 3)
INSI20224 | Solanum lycopersicum Solanaceae asymptomatic  {JUR20SI Podbocéje, Novo Mesto, Slovenia (Novo Mesto Farm 1 of 3)
INSI20225 | Solanum lycopersicum Solanaceae asymptomatic  |JUR20SI Podbocéje, Novo Mesto, Slovenia (Novo Mesto Farm 1 of 3)
INSI20226 | Solanum lycopersicum Solanaceae asymptomatic  {JUR20SI Podbocje, Novo Mesto, Slovenia (Novo Mesto Farm 1 of 3)
INSI120227 | Solanum lycopersicum Solanaceae asymptomatic  |JUR20SI Podbocje, Novo Mesto, Slovenia (Novo Mesto Farm 1 of 3)
INSI120228 | Solanum lycopersicum Solanaceae symptomatic | TUR20SI Podbodje, Novo Mesto, Slovenia (Novo Mesto Farm 3 of 3)
INSI20229 | Solanum lycopersicum Solanaceae symptomatic | TUR20SI Podbocje, Novo Mesto, Slovenia (Novo Mesto Farm 3 of 3)
INSI20230 | Solanum lycopersicum Solanaceae symptomatic | TUR20SI Podbocje, Novo Mesto, Slovenia (Novo Mesto Farm 3 of 3)
INSI120231 Solanum lycopersicum Solanaceae asymptomatic | TUR20SI Podbocje, Novo Mesto, Slovenia (Novo Mesto Farm 3 of 3)
INSI20232 | Solanum lycopersicum Solanaceae asymptomatic | TUR20SI Podbocje, Novo Mesto, Slovenia (Novo Mesto Farm 3 of 3)
INSI20233 | Solanum lycopersicum Solanaceae asymptomatic | TUR20SI Podbocje, Novo Mesto, Slovenia (Novo Mesto Farm 3 of 3)
INSI20234 | Solanum lycopersicum Solanaceae symptomatic | TUR20SI Podbocje, Novo Mesto, Slovenia (Novo Mesto Farm 3 of 3)
INSI20234F | Solanum lycopersicum Solanaceae symptomatic | TUR20SI Podbocje, Novo Mesto, Slovenia (Novo Mesto Farm 3 of 3)
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INSI20234F | Solanum lycopersicum Solanaceae symptomatic | TUR20SI Podboéje, Novo Mesto, Slovenia (Novo Mesto Farm 3 of 3)
INSI20235 | Solanum lycopersicum Solanaceae symptomatic  {TUR20SI Podboéje, Novo Mesto, Slovenia (Novo Mesto Farm 3 of 3)
INSI20235F | Solanum lycopersicum Solanaceae symptomatic | TUR20SI Podboc¢je, Novo Mesto, Slovenia (Novo Mesto Farm 3 of 3)
INSI20236 | Solanum lycopersicum Solanaceae symptomatic | TUR20SI Podbogje, Novo Mesto, Slovenia (Novo Mesto Farm 3 of 3)
INSI20236F | Solanum lycopersicum Solanaceae symptomatic i TUR20SI Podbogje, Novo Mesto, Slovenia (Novo Mesto Farm 3 of 3)
INSI20237 | Solanum lycopersicum Solanaceae symptomatic | TUR20SI Podbodje, Novo Mesto, Slovenia (Novo Mesto Farm 3 of 3)
INSI20237F | Solanum lycopersicum Solanaceae symptomatic | TUR20SI Podbodje, Novo Mesto, Slovenia (Novo Mesto Farm 3 of 3)
INSI20238 | Solanum lycopersicum Solanaceae symptomatic | TUR20SI Podbocje, Novo Mesto, Slovenia (Novo Mesto Farm 3 of 3)
INSI20238F | Solanum lycopersicum Solanaceae symptomatic | TUR20SI Podbocje, Novo Mesto, Slovenia (Novo Mesto Farm 3 of 3)
INSI20239 | Solanum lycopersicum Solanaceae symptomatic | TUR20SI Podbocje, Novo Mesto, Slovenia (Novo Mesto Farm 3 of 3)
INSI20239F | Solanum lycopersicum Solanaceae symptomatic | TUR20SI Podbocje, Novo Mesto, Slovenia (Novo Mesto Farm 3 of 3)
INSI20240 | Solanum lycopersicum Solanaceae symptomatic | TUR20SI Podboéje, Novo Mesto, Slovenia (Novo Mesto Farm 3 of 3)
INSI20240F | Solanum lycopersicum Solanaceae symptomatic | TUR20SI Podbocje, Novo Mesto, Slovenia (Novo Mesto Farm 3 of 3)
INSI120241 Solanum lycopersicum Solanaceae symptomatic | TUR20SI Podbocje, Novo Mesto, Slovenia (Novo Mesto Farm 3 of 3)
INSI20241F | Solanum lycopersicum Solanaceae symptomatic | TUR20SI Podbocje, Novo Mesto, Slovenia (Novo Mesto Farm 3 of 3)
INSI20242 | Solanum lycopersicum Solanaceae symptomatic | TUR20SI Podboéje, Novo Mesto, Slovenia (Novo Mesto Farm 3 of 3)
INSI20242F | Solanum lycopersicum Solanaceae symptomatic | TUR20SI Podboéje, Novo Mesto, Slovenia (Novo Mesto Farm 3 of 3)
INSI20243 | Solanum lycopersicum Solanaceae symptomatic  {TUR20SI Podbo¢je, Novo Mesto, Slovenia (Novo Mesto Farm 3 of 3)
INSI20244 | Galinsoga ciliata Asteraceae symptomatic | TUR20SI Podbocéje, Novo Mesto, Slovenia (Novo Mesto Farm 3 of 3)
INSI20245 | Steleria media Caryophyllaceae |symptomatic [ TUR20SI Podbogje, Novo Mesto, Slovenia (Novo Mesto Farm 3 of 3)
INSI20246 | Solanum lycopersicum Solanaceae symptomatic | TUR20SI Podbodje, Novo Mesto, Slovenia (Novo Mesto Farm 3 of 3)
INSI20246F | Solanum lycopersicum Solanaceae symptomatic | TUR20SI Podbodje, Novo Mesto, Slovenia (Novo Mesto Farm 3 of 3)
INSI20247 | Taraxacum officinale Asteraceae symptomatic | TUR20SI Podbodje, Novo Mesto, Slovenia (Novo Mesto Farm 3 of 3)
INSI20248  |Plantago major Plantaginaceae symptomatic | TUR20SI Podbocje, Novo Mesto, Slovenia (Novo Mesto Farm 3 of 3)
INSI20249  |Galinsoga ciliata Asteraceae symptomatic | TUR20SI Podbocje, Novo Mesto, Slovenia (Novo Mesto Farm 3 of 3)
INSI20250  |Capsella bursa-pastoris Brassicaceae  [symptomatic  {TUR20SI Podbocje, Novo Mesto, Slovenia (Novo Mesto Farm 3 of 3)
INSI120251 Amaranthus retroflexus Amaranthaceae isymptomatic | TUR20SI Podboéje, Novo Mesto, Slovenia (Novo Mesto Farm 3 of 3)
INSI20252 | Taraxacum officinale Asteraceae symptomatic | TUR20SI Podbocje, Novo Mesto, Slovenia (Novo Mesto Farm 3 of 3)
INSI20253  |Rumex crispus Polygonaceae isymptomatic | TUR20SI Podbocje, Novo Mesto, Slovenia (Novo Mesto Farm 3 of 3)
INSI20254 | Solanum nigrum Solanaceae asymptomatic | TUR20SI Podbocje, Novo Mesto, Slovenia (Novo Mesto Farm 3 of 3)
INSI20255 | Solanum lycopersicum Solanaceae asymptomatic | TUR20SI Podbocje, Novo Mesto, Slovenia (Novo Mesto Farm 3 of 3)
INSI20256 | Solanum lycopersicum Solanaceae asymptomatic | TUR20SI Podboéje, Novo Mesto, Slovenia (Novo Mesto Farm 3 of 3)
P61Pv-PK1 |Phaseolus vulgaris Fabaceae (internal or alien sequencing control for set of samples collected in 2020)
P62Pv-PK2 |Phaseolus vulgaris Fabaceae (internal or alien sequencing control for set of samples collected in 2020)
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Supplementary Table 2. Composite samples used in high-throughput sequencing, their

composition, year of collection, farm type and other associated information.

Q

pooll :'; o sample Iocatlion ‘I'D Sample group :Year collected |Farm type CUItl‘llraI Sur g :l:r.n::;ooled
P11 P1.1BER-ST BER19SI tomatoes 2019 conventional agricultural 6
P12 P1.2BER-ST BER19SI tomatoes 2019 conventional agricultural 6
P02 P02BER-AT BER19S| tomatoes 2019 conventional agricultural 10
P3.1 P3.1BER-SW BER19SI weeds 2019 conventional agricultural 6
P3.2 P3.2BER-SW BER19SI weeds 2019 conventional agricultural 7
P04 PO4NGO-AT NGO19SI tomatoes 2019 conventional urban 5
P05 PO5NGO-ST NGO19SI tomatoes 2019 conventional urban 3
P06 POBNGO-SW NGO19SI weeds 2019 conventional urban 5
P07 PO7BUK-ST BUK19SI tomatoes 2019 conventional agricultural 9
P08 PO8BUK-SW BUK19SI weeds 2019 conventional agricultural 4
P09 PO9KOP-AT KOP19SI tomatoes 2019 conventional agricultural 5
P10 P10KOP-ST KOP19SI tomatoes 2019 conventional agricultural 5
P11 P11KOP-SW KOP19SI weeds 2019 conventional agricultural 4
P12 P12PAR-AT PAR19SI tomatoes 2019 conventional agricultural 10
P13 P13PAR-ST PAR19SI tomatoes 2019 conventional agricultural 4
P14 P14PAR-SW PAR19SI weeds 2019 conventional agricultural 4
P15.1 P15.1BOL-AT BOL19SI tomatoes 2019 greenhouse organic agricultural 6
P15.2 P15.2BOL-AT BOL19SI tomatoes 2019 greenhouse organic agricultural 5
P16 P16BOL-ST BOL19S| tomatoes 2019 greenhouse organic agricultural 8
P17 P17BOL-SW BOL19SI weeds 2019 greenhouse organic agricultural 7
P18 P18POR-ST POR19SI tomatoes 2019 greenhouse conventional agricultural 5
P19 P19POR-AT POR198I tomatoes 2019 greenhouse conventional agricultural 5
P20 P20POR-SW POR19SI weeds 2019 greenhouse conventional agricultural 3
P21 P21KOR-AT KOR19SI tomatoes 2019 open field ecological agricultural 8
P22 P22KOR-ST KOR19SI tomatoes 2019 open field ecological agricultural 7
P23 P23KOR-SW KOR19SI weeds 2019 open field ecological agricultural 5
P29 P29Pv-PK2 notapplicable not applicable notapplicable notapplicable not applicable not applicable 1
P30 P30Pw-PK1 not applicable notapplicable  inotapplicable  |notapplicable  {notapplicable  inotapplicable 1
P31 P31BER20-AT BER20S| tomatoes 2020 greenhouse conventional rural, agricultural 5
P32 P32STR20-AT STR20S| tomatoes 2020 tpen field conventional rural, agricultural 5
P33 P33BOL20-AT BOL20SI tomatoes 2020 greenhouse organic rural, agricultural 5
P34 P34MIR20-AT MIR20S| tomatoes 2020 greenhouse conventional semi-urban 4
P35 P35KOP20-AT KOP20SI tomatoes 2020 greenhouse conventional semi-urban 4
P36 P36SK020-AT SKO20SI tomatoes 2020 open field conventional rural 5
P37 P37KOR20-AT KOR20SI tomatoes 2020 open field ecological rural, agricultural 5
P3 P38PLE20-AT PLE20SI tomatoes 2020 greenhouse conventional rural, agricultural 5
P39 P39JUR20-AT JUR20SI tomatoes 2020 greenhouse conventional rural, agricultural 5
P40 P40T UR20-AT TUR20SI tomatoes 2020 greenhouse conventional rural, agricultural 5
P41.1 P41.1BER20-ST BER19S| tomatoes 2020 greenhouse conventional rural, agricultural 7
P41.2 P41.2BER20-ST BER19SI tomatoes 2020 greenhouse conventional rural, agricultural 5
P42 P42BER20-SW BER19S| weeds 2020 {greenhouse conventional rural, agricultural 10
P43.1 P43.1STR20-ST STR20SI tomatoes 2020 open field conventional rural, agricultural 8
P43.2 P43.2STR20-ST STR20S| tomatoes 2020 open field conventional rural, agricultural 8
P44 P44STR20-SW STR20S| weeds 2020 open field conventional rural, agricultural 10
P45 P45BOL20-ST BOL20SI tomatoes 2020 greenhouse organic rural, agricultural 8
P46 P46BOL20-SW BOL20SI weeds 2020 greenhouse organic rural, agricultural 11
P47 P47MIR20-ST MIR20SI tomatoes 2020 greenhouse conventional semi-urban 9
P48 P48MIR20-SW MIR20S| weeds 2020 greenhouse conventional semi-urban 7
P49 P49KOP20-ST KOP20SI tomatoes 2020 greenhouse conventional semi-urban 8
P50.1 P50.1KOP20-SW KOP20SI weeds 2020 greenhouse conventional semi-urban 6
P50.2 P50.2KOP20-SW KOP20SI weeds 2020 greenhouse conventional semi-urban 5
P51.1 P51.18K020-ST SKO20SI tomatoes 2020 open field conventional rural 5
P51.2 P51.2SK020-ST SKO20SI tomatoes 2020 open field conventional rural 6
P52 P528K020-SW SKO208I weeds 2020 open field conventional rural 10
P53.1 P53.1KOR20-ST KOR20SI tomatoes 2020 open field ecological rural, agricultural 7
P53.2 P53.2KOR20-ST KOR20SI tomatoes 2020 open field ecological rural, agricultural 7
P54 P54KOR20-SW KOR208I weeds 2020 open field ecological rural, agricultural 9
P55.1 P55.1PLE20-ST PLE20S| tomatoes 2020 greenhouse conventional rural, agricultural 7
P55.2 P55.2PLE20-ST PLE20S| tomatoes 2020 greenhouse conventional rural, agricultural 6
P55.3 P55.3PLE20-ST PLE20S| tomatoes 2020 greenhouse conventional rural, agricultural 7
P56 P56PLE20-SW PLE20S| bean 2020 greenhouse conventional rural, agricultural 10
P57.1 P57.1JUR20-ST JUR20SI tomatoes 2020 greenhouse conventional rural, agricultural 8
P57.2 P57.2JUR20-ST JUR20SI tomatoes 2020 greenhouse conventional rural, agricultural 7
P58.1 P58.1JUR20-SW JUR20SI weeds 2020 greenhouse conventional rural, agricultural 6
P58.2 P58.2JUR20-SW JUR20SI weeds 2020 greenhouse conventional rural, agricultural 5
P59.1 P59.1TUR20-ST TUR20SI tomatoes 2020 greenhouse conventional rural, agricultural 9
P59.2 P59.2TUR20-ST TUR20SI tomatoes 2020 greenhouse conventional rural, agricultural 8
P59.3 P59.3TUR20-ST TUR20SI tomatoes 2020 greenhouse conventional rural, agricultural 7
P60 P60TUR20-SW TUR20SI weeds 2020 greenhouse conventional rural, agricultural 10
P61 P61Pv-PK1 not applicable not applicable not applicable not applicable not applicable not applicable 1
P62 P62Pv-PK2 not applicable not applicable not applicable Inot applicable not applicable not applicable 1
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Supplementary Table 2. (continued columns).

Sequencing

pool ID of pooled samples

number

P11 INSI19001, INSI19002, INSI19003,INSI19004, INSI19005, INSI19006

P1.2 INSI19007, INSI19008, INSI19009, INSI19010, INSI19011, INSI19012

P02 INSI19013, INSI19014, INSI19015, INSI19016, INSI19017, INSI19018, INSI19019, INSI19020, INSI19021, INSI19022
P3.1 INSI19023, INSI19024, INSI19025, INSI19027, INSI19028, INSI19029

P3.2 INSI19030, INSI19031, INSI19032, INSI19033, INSI19034, INSI19035, INSI19036

P04 INSI19037, INSI19038, INSI19039, INSI19040, INSI19041

P05 INSI19042, INSI19043, INSI19044

P06 INSI19045, INSI19046, INSI19047, INSI19048, INSI19049

P07 INSI19051, INSI19052, INSI19053, INSI19054, INSI19055, INSI19056, INSI19057, INSI19058, INSI19059

P08 INSI19060, INSI19061, INSI19063, INSI19064

P09 INSI19066, INSI19067, INSI19068, INSI19069, INSI19070

P10 INSI19071, INSI19072, INSI19073, INSI19074, INSI19075

P11 INSI19077, INSI19078, INSI19080, INSI19082

P12 INSI19084, INSI19085, INSI19086, INSI19087, INSI19088, INSI19089, INSI19090, INSI19091, INSI19092, INSI19093
P13 INSI19081, INSI19083, INSI19094, INSI19095

P14 INSI19096, INSI19097, INSI19098, INSI19099

P15.1 INSI19103, INSI19104, INSI19105, INSI19106, INSI19107, INSI19108

P15.2 INSI19109, INSI19110, INSI19111, INSI19112, INSI19113

P16 INSI19100, INSI19101, INSI19102, INSI19114, INSI19115, INSI19116, INSI19117, INSI19118

P17 INSI19119, INSI19120, INSI19121, INSI19122, INSI19123, INSI19124, INSI19125

P18 INSI19126, INSI19128, INSI19129, INSI19134, INSI19135

P19 INSI19127, INSI19130, INSI19131, INSI19132, INSI19133

P20 INSI19136, INSI19137, INSI19138

P21 INSI19141, INSI19142, INSI19143, INSI19144, INSI19145, INSI19146, INSI19147, INSI19148

P22 INSI19139, INSI19149, INSI19151, INSI19152, INSI19153, INSI19154, INSI19155

P23 INSI19140, INSI19150, INSI19156, INSI19157, INSI19158

P29 P29Pv-PK2

P30 P30Pv-PK1

P31 INSI20016, INSI20017, INSI20018, INSI20019, INSI20020

P32 INSI20040, INSI20041, INSI20042, INSI20043, INSI20044

P33 INSI20058, INSI20063, INSI20068, INSI20069, INSI20071

P34 INSI20086, INSI20087, INSI20092, INSI20093

P35 INSI20103, INSI20104, INSI20105, INSI20107

P36 INSI20130, INSI20131, INSI20133, INSI20134, INSI20135

P37 INSI20147, INSI20152, INSI20157, INSI20158, INSI20159

P3 INSI20175, INSI20176, INSI20185, INSI20186, INSI20187

P39 INSI20223, INSI20224, INSI20225, INSI20226, INSI20227

P40 INSI20231, INSI20232, INSI20233, INSI20255, INSI20256

P41.1 INSI20001, INSI20002, INSI20003, INSI20004, INSI20005, INSI200086, INSI20007

P41.2 INSI20008, INSI20009, INSI20010, INSI20011, INSI20012

P42 INSI20013, INSI20014, INSI20015, INSI20021, INSI20022, INSI20023, INSI20024, INSI20025, INSI20027, INSI20028
P43.1 INSI20029, INSI20030, INSI20031, INSI20032, INSI20033, INSI20033F, INSI20034, INSI20034F

P43.2 INSI20035, INSI20036, INSI20037, INSI20038, INSI20038F, INSI20039, INSI20039F, INSI20055

P44 INSI20045, INSI20046, INSI20047, INSI20048, INSI20049, INSI20051, INSI20052, INSI20053, INSI20054, INSI20056
P45 INSI20057, INSI20059, INSI20060, INSI20061, INSI20062, INSI20064, INSI20066, INSI20067

P46 INSI20070, INSI20072, INSI20073, INSI20074, INSI20075, INSI20076, INSI20077, INSI20078, INSI20080, INSI20081, INSI20082
P47 INSI20083, INSI20084, INSI20084F , INSI20085, INSI20088, INSI20088F, INSI20089, INSI20090, INSI20091

P48 INSI20094, INSI20095, INSI20096, INSI20097, INSI20098, INSI20099, INSI20100

P49 INSI20101, INSI20106, INSI20106F, INSI20108, INSI20116, INSI20117, INSI20118, INSI20119

P50.1 INSI20102, INSI20109, INSI20110, INSI20111, INSI20112, INSI20113

P50.2 INSI20114, INSI20115, INSI20120, INSI20121, INSI20122

P51.1 INSI20123, INSI20124, INSI20124F, INSI20125, INSI20125F

P51.2 INSI20126, INSI20126F , INSI20127, INSI20128, INSI20129, INSI20132

P52 INSI20136, INSI20137, INSI20138, INSI20139, INSI20140, INSI20141, INSI20142, INSI20143, INSI20144, INSI20145
P53.1 INSI20146, INSI20146F, INSI20148, INSI20149, INSI20150, INSI20151, INSI20153F

P53.2 INSI20154, INSI20154F , INSI20155, INSI20155F , INSI20156, INSI20156F , INSI20166

P54 INSI20160, INSI20161, INSI20162, INSI20163, INSI20164, INSI20165, INSI20167, INSI20168, INSI20169

P55.1 INSI20170, INSI20170F, INSI20171, INSI20172, INSI20173, INSI20174, INSI20174F

P55.2 INSI20177, INSI20177F , INSI20178, INSI20179, INSI20180, INSI20180F

P55.3 INSI20181, INSI20181F, INSI20183, INSI20183F, INSI20184F, INSI20200, INSI20200F

P56 INSI20188, INSI20189, INSI20191, INSI20192, INSI20193, INSI20194, INSI20195, INSI20196, INSI20197, INSI20199
P57.1 INSI20201, INSI20201F, INSI20202, INSI20203, INSI20204, INSI20205, INSI20207, INSI20207F

P57.2 INSI20208, INSI20209, INSI20210, INSI20210F, INSI20211, INSI20211F, INSI20221F

P58.1 INSI20206, INSI20212, INSI20213, INSI20214, INSI20215, INSI20216

P58.2 INSI20217, INSI20218, INSI20219, INSI20220, INSI20222

P59.1 INSI20228, INSI20229, INSI20230, INSI20234, INSI20234F, INSI20235, INSI20235F , INSI20236, INSI20236F

P59.2 INSI20237, INSI20237F, INSI20238, INSI20238F, INSI20239, INSI20239F, INSI20240, INSI20240F

P59.3 INSI20241, INSI20241F , INSI20242, INSI20242F , INSI20243, INSI20246, INSI20246F

P60 INSI20244, INSI20245, INSI20247, INSI20248, INSI20249, INSI20250, INSI20251, INSI20252, INSI20253, INSI20254
P61 P61Pv-PK1

P62 P62Pv-PK2
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Supplementary Table 2. (continued columns).

pool

Sequencing | ;
{RNA extraction kit used (for individual samples)

RNA cleaning and concentration kit used (in preparting the composite

samples)

P1.1

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1013

P1.2

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1013

P02

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1013

P3.1

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1013

P3.2

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1013

P04

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1013

P05

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1013

P06

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1013

P07

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1013

P08

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1013

P09

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1013

P10

ZymoResearch RNA Clean and Concentrator (catalog no. R1013

P11

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

P12

(

Qiagen Rneasy Plant Mini Kit (catalog no. 74904
(¢
(

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

P13

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1013

P14

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1013

P15.1

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1013

P152

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1013

P16

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1013

P17

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1013

P18

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1013

P19

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1013

P20

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1013

P21

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1013

P22

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1013

P23

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
ZymoResearch RNA Clean and Concentrator (catalog no. R1013)
ZymoResearch RNA Clean and Concentrator (catalog no. R1013)
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )

ZymoResearch RNA Clean and Concentrator (catalog no. R1013

P29

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

notapplicable

P30

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

not applicable

P31

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1014

P32

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1014

P33

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1014

P34

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1014

P35

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1014

P36

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1014

P37

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1014

P3

ZymoResearch RNA Clean and Concentrator (catalog no. R1014

P39

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1014

P40

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1014

P41.1

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1014

P41.2

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1014

P42

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1014

P43.1

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1014

P43.2

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1014

P44

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1014

P45

ZymoResearch RNA Clean and Concentrator (catalog no. R1014

P46

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1014

P47

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1014

P48

(
(¢
(
Qiagen Rneasy Plant Mini Kit (catalog no. 74904
(
(¢
(¢

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1014

P49

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

P50.1

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1014

P50.2

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1014

P51.1

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1014

P51.2

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1014

P52

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1014

P53.1

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1014

P53.2

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1014

P54

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1014

P55.1

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1014

P55.2

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1014

P55.3

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1014

P56

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1014

P57.1

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1014

P57.2

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1014

P58.1

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1014

P58.2

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1014

P59.1

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1014

P59.2

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1014

P59.3

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

ZymoResearch RNA Clean and Concentrator (catalog no. R1014

P60

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
ZymoResearch RNA Clean and Concentrator (catalog no. R1014)
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )

ZymoResearch RNA Clean and Concentrator (catalog no. R1014

P61

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

not applicable

P62

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
Qiagen Rneasy Plant Mini Kit (catalog no. 74904)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

Qiagen Rneasy Plant Mini Kit (catalog no. 74904

notapplicable
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Supplementary Table 3. Sequence read archive (SRA) metadata of the sequencing
experiments, read count and other associated information. Genome mapping was done on
viral RefSeq version from July 2020.

. . . Composite
BIOprOj.eCt Blosam.ple Study SRA. sample / Library
accession accession accession D

PRJINA772045| SAMN22357975| SRP342893 | SRR16552271; P1.1BER19-ST
PRINA772045| SAMN22357976 | SRP342893 | SRR16552270; P1.2BER19-ST
PRJINA772045| SAMN22357977 | SRP342893| SRR16552235: P02BER19-AT
PRJINA772045| SAMN22357978 | SRP342893| SRR16552224| P3.1BER19-SW
PRINA772045| SAMN22357979| SRP342893 | SRR16552261; P3.2BER19-SW
PRINA772045| SAMN22357980 | SRP342893 | SRR16552250, P04NGO19-AT
PRJNA772045| SAMN22357981| SRP342893 | SRR16552286 PO5SNGO19-ST
PRINA772045| SAMN22357982 | SRP342893 | SRR16552275; POBNGO19-SW
PRINA772045| SAMN22357983 | SRP342893 | SRR16552273; P07BUK19-ST
PRJINA772045| SAMN22357984 | SRP342893 | SRR16552272; P08BUK19-SW
PRJINA772045| SAMN22357985| SRP342893 | SRR16552269 POIKOP19-AT
PRINA772045| SAMN22357986 | SRP342893 | SRR16552244; P10KOP19-ST
PRJINA772045| SAMN22357987 | SRP342893 | SRR16552243; P11KOP19-SW
PRJINA772045| SAMN22357988 | SRP342893| SRR16552242: P12PAR19-AT
PRINA772045| SAMN22357989 | SRP342893 | SRR16552241; P13PAR19-ST
PRINA772045| SAMN22357990| SRP342893 | SRR16552240; P14PAR19-SW
PRJINA772045| SAMN22357991| SRP342893 | SRR16552239| P15.1BOL19-AT
PRJINA772045| SAMN22357992 | SRP342893| SRR16552238; P15.2BOL19-AT
PRINA772045| SAMN22357993 | SRP342893 | SRR16552237 |  P16BOL19-ST
PRJINA772045| SAMN22357994 | SRP342893 | SRR16552236, P17BOL19-SW
PRJNA772045| SAMN22357995| SRP342893 | SRR16552234 P18POR19-ST
PRINA772045| SAMN22357996 | SRP342893 | SRR16552233; P19POR19-AT
PRINA772045| SAMN22357997 | SRP342893 | SRR16552232| P20POR19-SW
PRJINA772045| SAMN22357998 | SRP342893 | SRR16552231: P21KOR19-AT
PRINA772045| SAMN22357999| SRP342893 | SRR16552230; P22KOR19-ST
PRINA772045| SAMN22358000| SRP342893 | SRR16552229| P23KOR19-SW
PRJINA772045| SAMN22358001 | SRP342893| SRR16552228: P29Pv19-PK2
PRJNA772045| SAMN22358002 | SRP342893| SRR16552227 . P30Pv19-PK1
PRINA772045| SAMN22358003 | SRP342893 | SRR16552226; P31BER20-AT
PRJINA772045| SAMN22358004 | SRP342893 | SRR16552225| P41.1BER20-ST
PRJNA772045| SAMN22358005 | SRP342893| SRR16552223; P41.2BER20-ST
PRINA772045| SAMN22358006 | SRP342893 | SRR16552222| P42BER20-SW
PRINA772045| SAMN22358007 | SRP342893 | SRR16552221; P32STR20-AT
PRJINA772045| SAMN22358008 | SRP342893| SRR16552268: P43.1STR20-ST
PRJINA772045| SAMN22358009 | SRP342893| SRR16552267 | P43.2STR20-ST
PRINA772045| SAMN22358010| SRP342893 | SRR16552266; P44STR20-SW
PRJINA772045| SAMN22358011 | SRP342893| SRR16552265: P33BOL20-AT
PRJINA772045| SAMN22358012| SRP342893| SRR16552264: P45B0L20-ST
PRINA772045| SAMN22358013 | SRP342893 | SRR16552263| P46BOL20-SW
PRINA772045| SAMN22358014 | SRP342893 | SRR16552262;  P34MIR20-AT
PRJNA772045| SAMN22358015| SRP342893| SRR16552260; P47MIR20-ST
PRINA772045| SAMN22358016 | SRP342893 | SRR16552259 | P48MIR20-SW
PRINA772045| SAMN22358017 | SRP342893 | SRR16552258 P35KOP20-AT
PRJINA772045| SAMN22358018 | SRP342893| SRR16552257 :  P49KOP20-ST
PRJNA772045| SAMN22358019| SRP342893 | SRR16552256 | P50.1KOP20-SW
PRINA772045| SAMN22358020 | SRP342893 | SRR16552255 | P50.2KOP20-SW
PRINA772045| SAMN22358021| SRP342893 | SRR16552254) P36SKO020-AT
PRJINA772045| SAMN22358022| SRP342893 | SRR16552253| P51.1SK020-ST
PRJNA772045| SAMN22358023 | SRP342893 | SRR16552252 P51.25K020-ST
PRINA772045| SAMN22358024 | SRP342893 | SRR16552251: P52SK020-SW
PRJINA772045| SAMN22358025| SRP342893| SRR16552249; P37KOR20-AT
PRJNA772045| SAMN22358026 | SRP342893| SRR16552248| P53.1KOR20-ST
PRINA772045| SAMN22358027 | SRP342893 | SRR16552247 : P53.2KOR20-ST
PRJINA772045| SAMN22358028 | SRP342893 | SRR16552246 . P54KOR20-SW
PRJINA772045| SAMN22358029 | SRP342893| SRR16552245; P38PLE20-AT
PRINA772045| SAMN22358030 | SRP342893 | SRR16552291: P55.1PLE20-ST
PRINA772045| SAMN22358031| SRP342893 | SRR16552290: P55.2PLE20-ST
PRJINA772045| SAMN22358032| SRP342893| SRR16552289| P55.3PLE20-ST
PRINA772045| SAMN22358033 | SRP342893 | SRR16552288| P56PLE20-SW
PRINA772045| SAMN22358034 | SRP342893 | SRR16552287: P39JUR20-AT
PRJINA772045| SAMN22358035| SRP342893| SRR16552285, P57.1JUR20-ST
PRJNA772045| SAMN22358036 | SRP342893| SRR16552284| P57.2JUR20-ST
PRINA772045| SAMN22358037 | SRP342893 | SRR16552283 | P58.1JUR20-SW
PRJINA772045| SAMN22358038 | SRP342893 | SRR16552282| P58.2JUR20-SW
PRJNA772045| SAMN22358039 | SRP342893| SRR16552281: P40TUR20-AT
PRJNA772045| SAMN22358040 | SRP342893 | SRR16552280: P59.1TUR20-ST
PRINA772045| SAMN22358041| SRP342893 | SRR16552279: P59.2TUR20-ST
PRJINA772045| SAMN22358042 | SRP342893| SRR16552278| P59.3TUR20-ST
PRJINA772045| SAMN22358043 | SRP342893| SRR16552277; PBOTUR20-SW
PRINA772045| SAMN22358044 | SRP342893 | SRR16552276.  P61Pv-PK1
PRJINA772045| SAMN22358045| SRP342893 | SRR16552274|  P62Pv-PK2
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Supplementary Table 3. (continued columns).

Bioproject
accession

Biosample
accession

Title

PRINA772045

SAMN22357975

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) tomato plants from Bericevo, Slovenia collected in 2019, 1st of 2 pools

PRJINA772045

SAMN22357976

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) tomato plants from Bericevo, Slovenia collected in 2019, 2nd of 2 pools

PRJNA772045

SAMN22357977

Sequencing of pooled rRNA-depleted total RNA extracts of asymptomatic tomato plants from Bericevo, Slovenia collected in 2019

PRJINA772045

SAMN22357978

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) weed plants from Bericevo, Slovenia collected in 2019, 1st of 2 pools

PRINA772045

SAMN22357979

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) weed plants from Bericevo, Slovenia collected in 2019, 2nd of 2 pools

PRJINA772045

SAMN22357980

Sequencing of pooled rRNA-depleted total RNA extracts of asymptomatic tomato plants from Nova Gorica, Slovenia collected in 2019

PRJNA772045

SAMN22357981

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) tomato plants from Nova Gorica, Slovenia collected in 2019

PRJINA772045

SAMN22357982

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) weed plants from Nova Gorica, Slovenia collected in 2019

PRJINA772045

SAMN22357983

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) tomato plants from Miren-Kostanjevica, Slovenia (Farm 1) collected in 2019

PRINA772045

SAMN22357984

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) weed plants from Miren-Kostanjevica, Slovenia (Farm 1) collected in 2019

PRJINA772045

SAMN22357985

Sequencing of pooled rRNA-depleted total RNA extracts of asymptomatic tomato plants from Koper, Slovenia (Farm 1) collected in 2019

PRJNA772045

SAMN22357986

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) tomato plants from Koper, Slovenia (Farm 1) collected in 2019

PRJINA772045

SAMN22357987

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) weed plants from Koper, Slovenia (Farm 1) collected in 2019

PRJNA772045

SAMN22357988

Sequencing of pooled rRNA-depleted total RNA extracts of asymptomatic tomato plants from Koper, Slovenia (Farm 2) collected in 2019

PRJINA772045

SAMN22357989

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) tomato plants from Koper, Slovenia (Farm 2) collected in 2019

PRJNA772045

SAMN22357990

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) weed plants from Koper, Slovenia (Farm 2) collected in 2019

PRJINA772045

SAMN22357991

Sequencing of pooled rRNA depleted total RNA extracts of asymptomatic tomato plants from Piran, Slovenia (Farm 1) collected in 2019, 1st of 2 pools

PRJINA772045

SAMN22357992

Sequencing of pooled rRNA-depleted total RNA extracts of asymptomatic tomato plants from Piran, Slovenia (Farm 1) collected in 2019, 2nd of 2 pools

PRJINA772045

SAMN22357993

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) tomato plants from Piran, Slovenia (Farm 1) collected in 2019

PRJINA772045

SAMN22357994

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) weed plants from Piran, Slovenia (Farm 1) collected in 2019

PRINA772045

SAMN22357995

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) tomato plants from Piran, Slovenia (Farm 2) collected in 2019

PRJINA772045

SAMN22357996

Sequencing of pooled rRNA-depleted total RNA extracts of asymptomatic tomato plants from Piran, Slovenia (Farm 2) collected in 2019

PRJNA772045

SAMN22357997

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) weed plants from Piran, Slovenia (Farm 2) collected in 2019

PRJINA772045

SAMN22357998

Sequencing of pooled rRNA-depleted total RNA extracts of asymptomatic tomato plants from Koper, Slovenia (Farm 4) collected in 2019

PRINA772045

SAMN22357999

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) tomato plants from Koper, Slovenia (Farm 4) collected in 2019

PRJINA772045

SAMN22358000

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) weed plants from Koper, Slovenia (Farm 4) collected in 2019

PRJNA772045

SAMN22358001

Sequencing of RNA-depleted total RNA extracts of Phaseolus vulgaris containing alphendomaviruses used as positive control for HTS, used with 2019 samples, 1st of 2 pools

PRJINA772045

SAMN22358002

Sequencing of RNA-depleted total RNA extracts of Phaseolus vulgaris containing alphendomaviruses used as positive control for HTS, used with 2019 samples, 2nd of 2 pools

PRJINA772045

SAMN22358003

Sequencing of pooled rRNA-depleted total RNA extracts of asymptomatic tomato plants from Bericevo, Slovenia collected in 2020

PRJNA772045

SAMN22358004

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) weed plants from Bericevo, Slovenia collected in 2020, 1st of 2 pools

PRJINA772045

SAMN22358005

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) weed plants from Bericevo, Slovenia collected in 2020, 2nd of 2 pools

PRINA772045

SAMN22358006

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) weed plants from Bericevo, Slovenia collected in 2020

PRJINA772045

SAMN22358007

Sequencing of pooled rRNA-depleted total RNA extracts of asymptomatic tomato plants from Piran, Slovenia (Farm 3) collected in 2020

PRJNA772045

SAMN22358008

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) tomato plants from Piran, Slovenia (Farm 3) collected in 2020, 1st of 2 pools

PRJINA772045

SAMN22358009

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) tomato plants from Piran, Slovenia (Farm 3) collected in 2020, 2nd of 2 pools

PRJNA772045

SAMN22358010

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) weed plants from Piran, Slovenia (Farm 3) collected in 2020

PRJINA772045

SAMN22358011

Sequencing of pooled rRNA-depleted total RNA extracts of asymptomatic tomato plants from Piran, Slovenia (Farm 1) collected in 2020

PRJINA772045

SAMN22358012

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) tomato plants from Piran, Slovenia (Farm 1) collected in 2020

PRUNA772045

SAMN22358013

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) weed plants from Piran, Slovenia (Farm 1) collected in 2020

PRJINA772045

SAMN22358014

Sequencing of pooled rRNA-depleted total RNA extracts of asymptomatic tomato plants from Miren-Kostanjevica, Slovenia collected in 2020

PRINA772045

SAMN22358015

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) tomato plants from Miren-Kostanjevica, Slovenia collected in 2020

PRJINA772045

SAMN22358016

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) weed plants from Miren-Kostanjevica, Slovenia collected in 2020

PRINA772045

SAMN22358017

Sequencing of pooled rRNA-depleted total RNA extracts of asymptomatic tomato plants from Koper, Slovenia (Farm 1) collected in 2020

PRJINA772045

SAMN22358018

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) tomato plants from Koper, Slovenia (Farm 1) collected in 2020

PRINA772045

SAMN22358019

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) weed plants from Koper, Slovenia (Farm 1) collected in 2020, 1st of 2 pools

PRJINA772045

SAMN22358020

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) weed plants from Koper, Slovenia (Farm 1) collected in 2020, 2nd of 2 pools

PRJINA772045

SAMN22358021

Sequencing of pooled rRNA-depleted total RNA extracts of asymptomatic tomato plants from Koper, Slovenia (Farm 3) collected in 2020

PRUNA772045

SAMN22358022

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) tomato plants from Koper, Slovenia (Farm 3) collected in 2020, 1st of 2 pools

PRJINA772045

SAMN22358023

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) tomato plants from Koper, Slovenia (Farm 3) collected in 2020, 2nd of 2 pools

PRINA772045

SAMN22358024

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) weed plants from Koper, Slovenia (Farm 3) collected in 2020

PRJINA772045

SAMN22358025

Sequencing of pooled rRNA-depleted total RNA extracts of asymptomatic tomato plants from Koper, Slovenia (Farm 4) collected in 2020

PRINA772045

SAMN22358026

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) tomato plants from Koper, Slovenia (Farm 4) collected in 2020, 1st of 2 pools

PRJINA772045

SAMN22358027

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) tomato plants from Koper, Slovenia (Farm 4) collected in 2020, 2nd of 2 pools

PRJNA772045

SAMN22358028

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) weed plants from Koper, Slovenia (Farm 4) collected in 2020

PRJINA772045

SAMN22358029

Sequencing of pooled rRNA-depleted total RNA extracts of asymptomatic tomato plants from Novo Mesto, Slovenia (Farm 2) collected in 2020

PRJNA772045

SAMN22358030

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) tomato plants from Novo Mesto, Slovenia (Farm 2) collected in 2020, 1st of 3 pools

PRJINAT772045

SAMN22358031

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) tomato plants from Novo Mesto, Slovenia (Farm 2) collected in 2020, 2nd of 3 pools

PRJINA772045

SAMN22358032

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) tomato plants from Novo Mesto, Slovenia (Farm 2) collected in 2020, 3rd of 3 pools

PRINA772045

SAMN22358033

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) weed plants from Novo Mesto, Slovenia (Farm 2) collected in 2020

PRJINA772045

SAMN22358034

Sequencing of pooled rRNA-depleted total RNA extracts of asymptomatic tomato plants from Novo Mesto, Slovenia (Farm 1) collected in 2020

PRJNA772045

SAMN22358035

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) tomato plants from Novo Mesto, Slovenia (Farm 1) collected in 2020, 1st of 2 pools

PRJINA772045

SAMN22358036

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) tomato plants from Novo Mesto, Slovenia (Farm 1) collected in 2020, 2nd of 2 pools

PRINA772045

SAMN22358037

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) weed plants from Novo Mesto, Slovenia (Farm 1) collected in 2020, 1st of 2 pools

PRJINA772045

SAMN22358038

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) weed plants from Novo Mesto, Slovenia (Farm 1) collected in 2020, 2nd of 2 pools

PRJNA772045

SAMN22358039

Sequencing of pooled rRNA-depleted total RNA extracts of asymptomatic tomato plants from Novo Mesto, Slovenia (Farm 3) collected in 2020

PRJINA772045

SAMN22358040

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) tomato plants from Novo Mesto, Slovenia (Farm 3) collected in 2020, 1st of 3 pools

PRJINA772045

SAMN22358041

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) tomato plants from Novo Mesto, Slovenia (Farm 3) collected in 2020, 2nd of 3 pools

PRINA772045

SAMN22358042

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) tomato plants from Novo Mesto, Slovenia (Farm 3) collected in 2020, 3rd of 3 pools

PRJINA772045

SAMN22358043

Sequencing of pooled rRNA-depleted total RNA extracts of symptomatic (virus disease-like) weed plants from Novo Mesto, Slovenia (Farm 3) collected in 2020

PRINA772045

SAMN22358044

Sequencing of rRNA-depleted total RNA extracts of Phaseolus vulgaris containing alphendomaviruses used as positive control for HTS, used with 2020 samples, 1st of 2 pools

PRJINA772045

SAMN22358045

Sequencing of rRNA-depleted total RNA extracts of Phaseolus vulgaris containing alphendomaviruses used as positive control for HTS, used with 2020 samples, 2nd of 2 pools
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Supplementary Table 3. (continued columns).

Blopro!ect Blosam.ple Library Library lera.ry Library Platform Instrument Sequencing mode Sequencing
accession accession | strategy | source |selection | layout model lane

PRJNA772045| SAMN22357975| RNA-Seq | metagenomic| cDNA | paired | lllumina |HiSeq 2500| 151bp PE reads (rapid run
PRJNA772045| SAMN22357976 | RNA-Seq | metagenomic| cDNA | paired | lllumina |HiSeq 2500{ 151bp PE reads (rapid run
PRJINA772045| SAMN22357977 | RNA-Seq i metagenomic| cDNA | paired | lllumina {HiSeq 2500} 151bp PE reads (rapid run
PRJNA772045| SAMN22357978 | RNA-Seq | metagenomic| cDNA | paired | lllumina |HiSeq 2500| 151bp PE reads (rapid run
PRJNA772045| SAMN22357979 | RNA-Seq|metagenomic| cDNA | paired | lllumina |HiSeq 2500{ 151bp PE reads (rapid run
PRJINA772045| SAMN22357980 | RNA-Seq i metagenomic| cDNA | paired | lllumina {HiSeq 2500} 151bp PE reads (rapid run
PRJNA772045| SAMN22357981 | RNA-Seq | metagenomic| c¢DNA | paired | lllumina |HiSeq 2500} 151bp PE reads (rapid run

PRJNA772045| SAMN22357982 | RNA-Seq|metagenomic| cDNA | paired | lllumina |HiSeq 2500{ 151bp PE reads (rapid run
PRJNA772045| SAMN22357983 | RNA-Seq i metagenomic| cDNA | paired | lllumina |HiSeq 2500} 151bp PE reads (rapid run
PRJNA772045| SAMN22357984 | RNA-Seq | metagenomic| c¢DNA | paired | lllumina |HiSeq 2500} 151bp PE reads (rapid run

PRJINA772045| SAMN22357985 | RNA-Seq | metagenomic| cDNA | paired | lllumina |HiSeq 2500{ 151bp PE reads (rapid run
PRJINA772045| SAMN22357986 | RNA-Seq | metagenomic| cDNA | paired | lllumina |HiSeq 2500} 151bp PE reads (rapid run
PRJINA772045| SAMN22357987 | RNA-Seq i metagenomic| cDNA | paired | lllumina | HiSeq 2500} 151bp PE reads (rapid run
PRJNA772045| SAMN22357988 | RNA-Seq | metagenomic| cDNA | paired | lllumina |HiSeq 2500 151bp PE reads (rapid run

PRJNA772045| SAMN22357989 | RNA-Seq{metagenomic| cDNA | paired | lllumina |HiSeq 2500{ 151bp PE reads (rapid run
PRJINA772045| SAMN22357990 | RNA-Seq | metagenomic| cDNA | paired | lllumina | HiSeq 2500} 151bp PE reads (rapid run
PRJNA772045| SAMN22357991 | RNA-Seq | metagenomic| c¢DNA | paired | lllumina |HiSeq 2500| 151bp PE reads (rapid run

PRJINA772045| SAMN22357992 | RNA-Seq | metagenomic| cDNA | paired | lllumina |HiSeq 2500{ 151bp PE reads (rapid run
PRJNA772045| SAMN22357993 | RNA-Seq | metagenomic| cDNA | paired | lllumina | HiSeq 2500} 151bp PE reads (rapid run
PRJINA772045| SAMN22357994 | RNA-Seq | metagenomic| cDNA | paired | lllumina |HiSeq 2500} 151bp PE reads (rapid run

PRJNA772045| SAMN22357995 | RNA-Seq | metagenomic| cDNA | paired | lllumina |HiSeq 2500{ 151bp PE reads (rapid run
PRJNA772045| SAMN22357996 | RNA-Seq i metagenomic| cDNA | paired | lllumina | HiSeq 2500} 151bp PE reads (rapid run
PRJINA772045| SAMN22357997 | RNA-Seq | metagenomic| cDNA | paired | lllumina | HiSeq 2500} 151bp PE reads (rapid run

PRJNA772045| SAMN22357998 | RNA-Seq | metagenomic| c¢DNA | paired | lllumina |HiSeq 2500{ 151bp PE reads (rapid run

PRJNA772045| SAMN22357999 | RNA-Seq i metagenomic| cDNA | paired | lllumina | HiSeq 2500} 151bp PE reads (rapid run
PRJNA772045| SAMN22358000 | RNA-Seq | metagenomic| cDNA | paired | lllumina | HiSeq 2500} 151bp PE reads (rapid run
PRJNA772045| SAMN22358001 | RNA-Seq | metagenomic| c¢DNA | paired | lllumina |HiSeq 2500{ 151bp PE reads (rapid run

PRJNA772045| SAMN22358002 | RNA-Seq i metagenomic| cDNA | paired | lllumina |HiSeq 2500} 151bp PE reads (rapid run
PRJNA772045| SAMN22358003 | RNA-Seq | metagenomic| cDNA | paired | lllumina | HiSeq 2500} 151bp PE reads (rapid run
PRJNA772045| SAMN22358004 | RNA-Seq | metagenomic| cDNA | paired | lllumina |HiSeq 2500 151bp PE reads (rapid run

PRJNA772045| SAMN22358005 | RNA-Seq i metagenomic| c¢DNA | paired | lllumina |HiSeq 2500} 151bp PE reads (rapid run

PRJNA772045| SAMN22358006 | RNA-Seq | metagenomic| cDNA | paired | lllumina | HiSeq 2500} 151bp PE reads (rapid run
PRJNA772045| SAMN22358007 | RNA-Seq{metagenomic| cDNA | paired | lllumina |HiSeq 2500{ 151bp PE reads (rapid run
PRJNA772045| SAMN22358008 | RNA-Seq | metagenomic| c¢DNA | paired | lllumina |HiSeq 2500{ 151bp PE reads (rapid run

PRJNA772045| SAMN22358009 | RNA-Seq i metagenomic| cDNA | paired | lllumina |HiSeq 2500} 151bp PE reads (rapid run

PRJNA772045| SAMN22358011 | RNA-Seqimetagenomic| cDNA | paired | lllumina |HiSeq 2500 151bp PE reads (rapid run
PRJNA772045| SAMN22358012 | RNA-Seq{metagenomic| cDNA | paired | lllumina |HiSeq 2500} 151bp PE reads (rapid run

PRJNA772045| SAMN22358013 | RNA-Seq{metagenomic| cDNA | paired | lllumina | HiSeq 2500{ 151bp PE reads (rapid run
PRJINA772045| SAMN22358014 | RNA-Seq{metagenomic| cDNA | paired | lllumina |HiSeq 2500 151bp PE reads (rapid run
PRJNA772045| SAMN22358015 | RNA-Seq i metagenomic| c¢DNA | paired | lllumina |HiSeq 2500} 151bp PE reads (rapid run

PRJNA772045| SAMN22358016 | RNA-Seq{metagenomic| cDNA | paired | lllumina | HiSeq 2500{ 151bp PE reads (rapid run
PRJNA772045| SAMN22358017 | RNA-Seq{metagenomic| cDNA | paired | lllumina |HiSeq 2500{ 151bp PE reads (rapid run
PRJNA772045| SAMN22358018 | RNA-Seq | metagenomic| c¢DNA | paired | lllumina |HiSeq 2500} 151bp PE reads (rapid run

PRJNA772045| SAMN22358019 | RNA-Seq | metagenomic| cDNA | paired | lllumina |HiSeq 2500| 151bp PE reads (rapid run

PRJNA772045| SAMN22358020 | RNA-Seq{metagenomic| cDNA | paired | lllumina |HiSeq 2500{ 151bp PE reads (rapid run
PRJNA772045| SAMN22358021 | RNA-Seq i metagenomic| cDNA | paired | lllumina |HiSeq 2500} 151bp PE reads (rapid run
PRJNA772045| SAMN22358022 | RNA-Seq | metagenomic| c¢DNA | paired | lllumina | HiSeq 2500} 151bp PE reads (rapid run

PRJNA772045| SAMN22358023 | RNA-Seq{metagenomic| cDNA | paired | lllumina |HiSeq 2500{ 151bp PE reads (rapid run
PRJNA772045| SAMN22358024 | RNA-Seq{metagenomic| cDNA | paired | lllumina |HiSeq 2500{ 151bp PE reads (rapid run
PRJNA772045| SAMN22358025 | RNA-Seq | metagenomic| c¢DNA | paired | lllumina | HiSeq 2500} 151bp PE reads (rapid run

PRJNA772045| SAMN22358026 | RNA-Seq{metagenomic| cDNA | paired | lllumina |HiSeq 2500{ 151bp PE reads (rapid run
PRJNA772045) SAMN22358027 | RNA-Seq{metagenomic| cDNA | paired | lllumina |HiSeq 2500{ 151bp PE reads (rapid run
PRJNA772045| SAMN22358028 | RNA-Seq | metagenomic| cDNA | paired | lllumina {HiSeq 2500} 151bp PE reads (rapid run
PRJNA772045| SAMN22358029 | RNA-Seq{metagenomic| cDNA | paired | lllumina | HiSeq 2500 151bp PE reads (rapid run
PRJNA772045| SAMN22358030 | RNA-Seq{metagenomic| cDNA | paired | lllumina |HiSeq 2500{ 151bp PE reads (rapid run
PRJNA772045| SAMN22358031|RNA-Seq{metagenomic| cDNA | paired | lllumina |HiSeq 2500{ 151bp PE reads (rapid run
PRJNA772045| SAMN22358032 | RNA-Seq | metagenomic| c¢DNA | paired | lllumina | HiSeq 2500| 151bp PE reads (rapid run

PRJNA772045| SAMN22358033 | RNA-Seq{metagenomic| cDNA | paired | lllumina |HiSeq 2500{ 151bp PE reads (rapid run
PRJINA772045| SAMN22358034 | RNA-Seq | metagenomic| cDNA | paired | lllumina |HiSeq 2500{ 151bp PE reads (rapid run
PRJNA772045| SAMN22358035 | RNA-Seq | metagenomic| c¢DNA | paired | lllumina | HiSeq 2500 151bp PE reads (rapid run

PRJNA772045| SAMN22358036 | RNA-Seq{metagenomic| cDNA | paired | lllumina |HiSeq 2500{ 151bp PE reads (rapid run
PRJNA772045| SAMN22358037 | RNA-Seq{metagenomic| cDNA | paired | lllumina |HiSeq 2500{ 151bp PE reads (rapid run
PRJNA772045| SAMN22358038 | RNA-Seq | metagenomic| cDNA | paired | lllumina | HiSeq 2500} 151bp PE reads (rapid run
PRJNA772045| SAMN22358039 | RNA-Seq{metagenomic| c¢DNA | paired | lllumina |HiSeq 2500{ 151bp PE reads (rapid run
PRJNA772045| SAMN22358040 | RNA-Seq{metagenomic| cDNA | paired | lllumina |HiSeq 2500{ 151bp PE reads (rapid run
PRJNA772045| SAMN22358041|RNA-Seq | metagenomic| cDNA | paired | lllumina |HiSeq 2500{ 151bp PE reads (rapid run
PRJNA772045| SAMN22358042 | RNA-Seq{metagenomic| c¢DNA | paired | lllumina |HiSeq 2500{ 151bp PE reads (rapid run

PRJNA772045| SAMN22358043 | RNA-Seq{metagenomic| cDNA | paired | lllumina |HiSeq 2500{ 151bp PE reads (rapid run
PRJNA772045| SAMN22358044 | RNA-Seq | metagenomic| cDNA | paired | lllumina | HiSeq 2500{ 151bp PE reads (rapid run
PRJNA772045| SAMN22358045 | RNA-Seq | metagenomic| cDNA | paired | lllumina | HiSeq 2500} 151bp PE reads (rapid run
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Supplementary Table 3. (continued columns).

Bioproject
accession

Biosample
accession

Design description

PRUNA772045

SAMN22357975

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRJINA772045

SAMN22357976

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (llumina) (catalog no.

PRJNA772045

SAMN22357977

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRJINA772045

SAMN22357978

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRINA772045

SAMN22357979

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRJINA772045

SAMN22357980

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRJNA772045

SAMN22357981

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (llumina) (catalog no.

PRJINA772045

SAMN22357982

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRJINA772045

SAMN22357983

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (llumina) (catalog no.

PRJNA772045

SAMN22357984

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRJINA772045

SAMN22357985

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (llumina) (catalog no.

PRJNA772045

SAMN22357986

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRJINA772045

SAMN22357987

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRINA772045

SAMN22357988

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRJINA772045

SAMN22357989

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRJNA772045

SAMN22357990

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (llumina) (catalog no.

PRJINA772045

SAMN22357991

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRJINA772045

SAMN22357992

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (llumina) (catalog no.

PRJINAT772045

SAMN22357993

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRJINA772045

SAMN22357994

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (llumina) (catalog no.

PRINA772045

SAMN22357995

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRJINA772045

SAMN22357996

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRJNA772045

SAMN22357997

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRJINA772045

SAMN22357998

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRINA772045

SAMN22357999

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRJINA772045

SAMN22358000

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRJNA772045

SAMN22358001

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (llumina) (catalog no.

PRJINA772045

SAMN22358002

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRJINA772045

SAMN22358003

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (llumina) (catalog no.

PRINA772045

SAMN22358004

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRJINA772045

SAMN22358005

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (llumina) (catalog no.

PRINA772045

SAMN22358006

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRJINA772045

SAMN22358007

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRJNA772045

SAMN22358008

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRJINA772045

SAMN22358009

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRINA772045

SAMN22358010

PRJINA772045

SAMN22358011

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRJINA772045

SAMN22358012

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (llumina) (catalog no.

PRJINA772045

SAMN22358013

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRJINA772045

SAMN22358014

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (llumina) (catalog no.

PRJNA772045

SAMN22358015

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRJINA772045

SAMN22358016

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRJNA772045

SAMN22358017

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRJINA772045

SAMN22358018

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRINA772045

SAMN22358019

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (llumina) (catalog no.

PRJINA772045

SAMN22358020

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRJINA772045

SAMN22358021

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (llumina) (catalog no.

PRJINA772045

SAMN22358022

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRJINA772045

SAMN22358023

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (llumina) (catalog no.

PRINA772045

SAMN22358024

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRJINA772045

SAMN22358025

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (llumina) (catalog no.

PRINA772045

SAMN22358026

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRJNA772045

SAMN22358027

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRJNA772045

SAMN22358028

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRJINA772045

SAMN22358029

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRINA772045

SAMN22358030

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (llumina) (catalog no.

PRJINA772045

SAMN22358031

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRJINA772045

SAMN22358032

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (llumina) (catalog no.

PRJINA772045

SAMN22358033

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRJINA772045

SAMN22358034

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (llumina) (catalog no.

PRINA772045

SAMN22358035

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRJINA772045

SAMN22358036

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRINA772045

SAMN22358037

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRJINA772045

SAMN22358038

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRINA772045

SAMN22358039

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (llumina) (catalog no.

PRJINA772045

SAMN22358040

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRJINA772045

SAMN22358041

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (llumina) (catalog no.

PRJINA772045

SAMN22358042

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRJINA772045

SAMN22358043

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (llumina) (catalog no.

PRINA772045

SAMN22358044

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.

PRJINA772045

SAMN22358045

sequencing of pooled ribosomal-RNA depleted total RNA from plant samples, libraries prepared using TruSeq Stranded Total RNA LT Sample Prep Kit (Plant) (lllumina) (catalog no.
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Supplementary Table 3. (continued columns).

BIOProJ_eCt Blosam.ple Reads file Reference fasta file Reference File name 1 File name 2
accession accession type assembly

PRJNA772045| SAMN22357975| fastq | not applicable, performed de novo assembly | unaligned P1-1BER-ST_1.fastq.gz P1-1BER-ST_2.fastq.gz
PRINA772045| SAMN22357976| fastqy | not applicable, performed de novo assembly | unaligned |  P1-2BER-ST_1.fastq.gz P1-2BER-ST_2 fastq.gz
PRJINA772045| SAMN22357977| fastqy | not applicable, performed de novo assembly | unaligned P02BER-AT_1.fastq.gz P02BER-AT_2.fastq.gz
PRUNA772045| SAMN22357978| fastq | not applicable, performed de novo assembly | unaligned | P3-1BER-SW_1.fastq.gz P3-1BER-SW_2.fastq.gz
PRJINA772045| SAMN22357979| fastq | not applicable, performed de novo assembly | unaligned P3-2BER-SW_1.fastq.gz P3-2BER-SW_2.fastq.gz
PRJINA772045| SAMN22357980| fastq | not applicable, performed de novo assembly | unaligned PO4NGO-AT _1.fastq.gz PO4NGO-AT _2.fastq.gz
PRUNA772045| SAMN22357981| fastq | not applicable, performed de novo assembly | unaligned PO5SNGO-ST_1.fastq.gz PO5SNGO-ST_2.fastq.gz
PRUNA772045| SAMN22357982| fastq | not applicable, performed de novo assembly | unaligned | POBNGO-SW_1.fastq.gz POBNGO-SW_2.fastq.gz
PRINA772045| SAMN22357983| fastq | not applicable, performed de novo assembly | unaligned P07BUK-ST_1.fastq.gz P07BUK-ST_2.fastq.gz
PRJNA772045| SAMN22357984| fastq | not applicable, performed de novo assembly | unaligned PO8BUK-SW_1.fastq.gz PO8BUK-SW_2 fastq.gz
PRJNA772045| SAMN22357985| fastq | not applicable, performed de novo assembly | unaligned PO9KOP-AT_1.fastq.gz PO9KOP-AT_2.fastq.gz
PRJINA772045| SAMN22357986| fastq | not applicable, performed de novo assembly | unaligned P10KOP-ST_1.fastq.gz P10KOP-ST_2.fastq.gz
PRJINA772045| SAMN22357987| fastq | not applicable, performed de novo assembly | unaligned P11KOP-SW_1.fastq.gz P11KOP-SW_2.fastq.gz
PRUNA772045| SAMN22357988| fastq | not applicable, performed de novo assembly | unaligned P12PAR-AT_1.fastq.gz P12PAR-AT_2.fastq.gz
PRJINA772045| SAMN22357989| fastq | not applicable, performed de novo assembly | unaligned P13PAR-ST_1.fastq.gz P13PAR-ST_2.fastq.gz
PRINA772045| SAMN22357990| fastqy | not applicable, performed de novo assembly | unaligned | P14PAR-SW_1.fastq.gz P14PAR-SW_2.fastq.gz
PRUNA772045| SAMN22357991| fastq | not applicable, performed de novo assembly | unaligned | P15-1BOL-AT _1.fastq.gz P15-1BOL-AT_2.fastq.gz
PRJINA772045| SAMN22357992| fastq | not applicable, performed de novo assembly | unaligned | P15-2BOL-AT_1.fastq.gz P15-2BOL-AT_2.fastq.gz
PRJINA772045| SAMN22357993|  fastq | not applicable, performed de novo assembly | unaligned P16BOL-ST_1.fastq.gz P16BOL-ST_2.fastq.gz
PRJINA772045| SAMN22357994| fastq | not applicable, performed de novo assembly | unaligned P17BOL-SW_1.fastq.gz P17BOL-SW_2.fastq.gz
PRJINA772045| SAMN22357995| fastq | not applicable, performed de novo assembly | unaligned P18POR-ST_1.fastq.gz P18POR-ST_2.fastq.gz
PRJINA772045| SAMN22357996| fastq | not applicable, performed de novo assembly | unaligned P19POR-AT_1.fastq.gz P19POR-AT_2.fastq.gz
PRJINA772045| SAMN22357997| fastq | not applicable, performed de novo assembly | unaligned P20POR-SW_1.fastq.gz P20POR-SW_2.fastq.gz
PRJINA772045| SAMN22357998| fastq | not applicable, performed de novo assembly | unaligned P21KOR-AT_1.fastq.gz P21KOR-AT_2.fastq.gz
PRJINA772045| SAMN22357999| fastq | not applicable, performed de novo assembly | unaligned P22KOR-ST_1.fastq.gz P22KOR-ST_2.fastq.gz
PRJINA772045| SAMN22358000{ fastq | not applicable, performed de novo assembly | unaligned P23KOR-SW_1.fastq.gz P23KOR-SW_2.fastq.gz
PRJNA772045| SAMN22358001| fastq | not applicable, performed de novo assembly | unaligned P29Pv-PK2_1.fastq.gz P29Pv-PK2_2.fastq.gz
PRJINA772045| SAMN22358002| fastq | not applicable, performed de novo assembly | unaligned P30Pv-PK1_1.fastq.gz P30Pv-PK1_2.fastq.gz
PRJNA772045| SAMN22358003| fastq | not applicable, performed de novo assembly | unaligned | P31BER20-AT_1.fastq.gz P31BER20-AT_2.fastq.gz
PRJINA772045| SAMN22358004| fastq | not applicable, performed de novo assembly | unaligned | P41_1BER20-ST_1.fastq.gz | P41_1BER20-ST 2 fastq.gz
PRJINA772045| SAMN22358005| fastq | not applicable, performed de novo assembly | unaligned | P41_2BER20-ST_1.fastq.gz | P41_2BER20-ST_2.fastq.gz
PRJINA772045| SAMN22358006| fastq | not applicable, performed de novo assembly | unaligned | P42BER20-SW_1.fastq.gz | P42BER20-SW_2.fastq.gz
PRINA772045| SAMN22358007| fastq | not applicable, performed de novo assembly | unaligned | P32STR20-AT_1.fastq.gz P32STR20-AT_2.fastq.gz
PRUNA772045| SAMN22358008| fastq | not applicable, performed de novo assembly | unaligned | P43_1STR20-ST_1.fastq.gz | P43 1STR20-ST 2.fastq.gz
PRJNA772045| SAMN22358009| fastq | not applicable, performed de novo assembly | unaligned : P43_2STR20-ST_1.fastq.gz | P43 2STR20-ST_2.fastq.gz
PRJINA772045| SAMN22358010| fastq | not applicable, performed de novo assembly | unaligned | P44STR20-SW_1.fastq.gz P44STR20-SW_2.fastq.gz
PRJNA772045| SAMN22358011| fastq | not applicable, performed de novo assembly | unaligned | P33BOL20-AT_1.fastq.gz P33BOL20-AT_2.fastq.gz
PRJINA772045| SAMN22358012| fastq | not applicable, performed de novo assembly | unaligned | P45BOL20-ST_1.fastq.gz P45BOL20-ST_2 fastq.gz
PRJINA772045| SAMN22358013| fastq | not applicable, performed de novo assembly | unaligned | P46BOL20-SW_1.fastq.gz | P46BOL20-SW_2.fastq.gz
PRINA772045| SAMN22358014| fasty | not applicable, performed de novo assembly | unaligned | P34MIR20-AT_1.fastq.gz P34MIR20-AT_2.fastq.gz
PRUNA772045| SAMN22358015| fastq | not applicable, performed de novo assembly | unaligned |  P47MIR20-ST_1.fastq.gz P47MIR20-ST_2.fastq.gz
PRJNA772045| SAMN22358016| fastq | not applicable, performed de novo assembly | unaligned | P48MIR20-SW_1.fastq.gz P48MIR20-SW_2.fastq.gz
PRJINA772045| SAMN22358017| fastq | not applicable, performed de novo assembly | unaligned | P35KOP20-AT_1.fastq.gz P35KOP20-AT_2.fastq.gz
PRJINA772045| SAMN22358018| fastq | not applicable, performed de novo assembly | unaligned | P49KOP20-ST_1.fastq.gz P49KOP20-ST_2.fastq.gz
PRUNA772045| SAMN22358019| fastq | not applicable, performed de novo assembly | unaligned | P50_1KOP20-SW_1.fastq.gz | P50_1KOP20-SW_2 fastq.gz
PRJNA772045| SAMN22358020| fastq | not applicable, performed de novo assembly | unaligned | P50_2KOP20-SW_1.fastq.gz | P50_2KOP20-SW_2.fastq.gz
PRJINA772045| SAMN22358021|  fastq not applicable, performed de novo assembly | unaligned | P36SK020-AT_1.fastq.gz P36SK020-AT_2.fastq.gz
PRJINA772045| SAMN22358022| fastq | not applicable, performed de novo assembly | unaligned | P51_1SK020-ST 1.fastq.gz | P51_1SKO20-ST _2.fastq.gz
PRJNA772045| SAMN22358023| fastq | not applicable, performed de novo assembly | unaligned | P51_2SK020-ST_1.fastq.gz | P51_2SK020-ST_2.fastq.gz
PRJINA772045| SAMN22358024|  fastq not applicable, performed de novo assembly | unaligned | P52SK020-SW_1.fastq.gz | P52SK020-SW_2.fastq.gz
PRJINA772045| SAMN22358025| fastq | not applicable, performed de novo assembly | unaligned | P37KOR20-AT_1.fastq.gz P37KOR20-AT_2.fastq.gz
PRJNA772045| SAMN22358026| fastq | not applicable, performed de novo assembly | unaligned | P53_1KOR20-ST_1.fastq.gz | P53_1KOR20-ST_2.fastq.gz
PRJNA772045| SAMN22358027| fastq | not applicable, performed de novo assembly | unaligned | P53_2KOR20-ST_1.fastq.gz | P53_2KOR20-ST_2.fastq.gz
PRJNA772045| SAMN22358028| fastq | not applicable, performed de novo assembly | unaligned | P54KOR20-SW_1.fastq.gz = P54KOR20-SW_2.fastq.gz
PRUNA772045| SAMN22358029| fastq | not applicable, performed de novo assembly | unaligned | P38PLE20-AT_1.fastq.gz P38PLE20-AT_2.fastq.gz
PRJNA772045| SAMN22358030| fastq | not applicable, performed de novo assembly | unaligned | P55_1PLE20-ST_1.fastq.gz | P55_1PLE20-ST_2.fastq.gz
PRJINA772045| SAMN22358031| fastq | not applicable, performed de novo assembly | unaligned  P55_2PLE20-ST_1.fastq.gz | P55_2PLE20-ST_2.fastq.gz
PRUNA772045| SAMN22358032| fastq | not applicable, performed de novo assembly | unaligned : P55_3PLE20-ST 1.fastq.gz | P55 3PLE20-ST 2.fastq.gz
PRJNA772045| SAMN22358033| fastq | not applicable, performed de novo assembly | unaligned | P56PLE20-SW_1.fastq.gz | P56PLE20-SW_2.fastq.gz
PRJINA772045| SAMN22358034| fastq | not applicable, performed de novo assembly | unaligned | P39JUR20-AT_1.fastq.gz P39JUR20-AT_2.fastq.gz
PRJINA772045| SAMN22358035| fastq | not applicable, performed de novo assembly | unaligned | P57_1JUR20-ST 1.fastq.gz | P57_1JUR20-ST 2.fastq.gz
PRJNA772045| SAMN22358036| fastq | not applicable, performed de novo assembly | unaligned | P57_2JUR20-ST_1.fastq.gz | P57_2JUR20-ST 2.fastq.gz
PRJINA772045| SAMN22358037| fastq | not applicable, performed de novo assembly | unaligned | P58_1JUR20-SW_1.fastq.gz | P58_1JUR20-SW_2.fastq.gz
PRJINA772045| SAMN22358038| fastq | not applicable, performed de novo assembly | unaligned | P58 2JUR20-SW_1.fastq.gz | P58_2JUR20-SW_2.fastq.gz
PRUNA772045| SAMN22358039| fastq | not applicable, performed de novo assembly | unaligned | P40TUR20-AT_1.fastq.gz P40TUR20-AT_2.fastq.gz
PRJNA772045| SAMN22358040| fastq | not applicable, performed de novo assembly | unaligned | P59_1TUR20-ST_1.fastq.gz | P59_1TUR20-ST _2.fastq.gz
PRJINA772045| SAMN22358041| fastq | not applicable, performed de novo assembly | unaligned = P59_2TUR20-ST_1.fastq.gz | P59_2TUR20-ST_2.fastq.gz
PRJINA772045| SAMN22358042| fastq | not applicable, performed de novo assembly | unaligned | P59_3TUR20-ST 1.fastq.gz | P59_3TUR20-ST 2.fastq.gz
PRJINA772045| SAMN22358043| fastq | not applicable, performed de novo assembly | unaligned | PB0TUR20-SW_1.fastq.gz | P60TUR20-SW_2.fastq.gz
PRJNA772045| SAMN22358044| fastq | not applicable, performed de novo assembly | unaligned P61Pv-PK1_1.fastq.gz P61Pv-PK1_2.fastq.gz
PRJINA772045| SAMN22358045| fastq | not applicable, performed de novo assembly | unaligned P62Pv-PK2_1.fastq.gz P62Pv-PK2_2.fastq.gz
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Supplementary Table 3. (continued columns).

Read count Percent of Number of quality | Percent of of quality

Bioproject Biosample Total Raw read count GC | AT | Q20 :after trimming raw reads controlled trimmed | controlled trimmed
accession accession bases (%) | (%) | (%) | and quality discarded reads maped to viral | reads maped to viral

filtering RefSeq RefSeq

PRINA772045| SAMN22357975| 3.04E+09 20,102,250 |42.59157.41/98.78] 15,977,126 |  20.52% 15,190,113 95.07%
PRJINA772045| SAMN22357976 | 2.94E+09 19,464,840 |42.3057.70/98.94] 15,212,226 |  21.85% 14,871,276 97.76%
PRINA772045| SAMN22357977 | 3.72E+08 2,464,402 |46.87:53.13/98.97 2,105,618 |  14.56% 88,243 4.19%
PRINA772045| SAMN22357978 | 1.87E+09 12,381,000 |44.65:55.35/99.17 9,900,018 | 20.04% 1,665,639 16.82%
PRINA772045| SAMN22357979 | 1.69E+09 11,159,762 |43.8556.15/99.22 8,690,108 |  22.13% 1,463,922 16.85%
PRJINA772045| SAMN22357980 | 1.38E+09 9,119,326 |45.57154.43/99.27 7,633,846 1 16.29% 413,643 5.42%
PRINA772045| SAMN22357981|2.27E+09 15,007,272 |45.35:54.65|98.77 9,562,864 | 36.28% 735,952 7.70%
PRINA772045| SAMN22357982 | 1.63E+09 10,780,132 |45.0654.94|99.32 8,391,776 |  22.16% 1,479,569 17.63%
PRJINA772045| SAMN22357983 | 2.68E+09 17,725,416 {45.33:54.67/98.53 11,930,282 :  32.69% 1,306,853 10.95%
PRINA772045| SAMN22357984 | 1.66E+09 11,025,476 |43.72:56.28|99.30 8,382,226 |  23.97% 1,854,829 22.13%
PRINA772045| SAMN22357985 1.30E+09 8,613,896 |44.7755.23/99.22 6,887,490 |  20.04% 946,461 13.74%
PRINA772045| SAMN22357986 | 2.45E+09 16,252,934 [46.40:53.60/98.63| 10,534,437 | 35.18% 957,008 9.09%
PRINA772045| SAMN22357987 | 1.46E+09 9,680,920 |46.72153.28/98.99 6,008,882 |  37.93% 235,268 3.92%
PRINA772045| SAMN22357988 | 1.28E+09 8,450,008 |45.32154.68/99.21 6,805,972 |  19.46% 459,399 6.75%
PRINA772045| SAMN22357989 | 2.55E+09 16,889,714 |46.36153.64/98.53] 12,495,608 |  26.02% 638,755 5.11%
PRINA772045| SAMN22357990| 1.54E+09 10,230,502 {46.17 :53.8398.82 6,281,082 |  38.60% 839,391 13.36%
PRINA772045| SAMN22357991| 1.75E+09 11,620,952 |44.98155.02/99.25] 10,129,310 |  12.84% 812,775 8.02%
PRINA772045| SAMN22357992 | 1.46E+09 9,644,616 |45.03154.97|99.25 8,130,829 |  15.70% 661,456 8.14%
PRINA772045| SAMN22357993 | 3.22E+09 21,346,990 {53.86:46.14{98.73| 19,029,420 |  10.86% 38,813 0.20%
PRINA772045| SAMN22357994 | 1.87E+09 12,362,218 |46.72153.28/99.13 9,230,820 |  25.33% 2,616,894 28.35%
PRINA772045| SAMN22357995 | 2.18E+09 14,457,408 |45.51154.49/98.94] 11,849,598 |  18.04% 720,097 6.08%
PRINA772045| SAMN22357996 | 1.56E+09 10,325,900 |45.2254.78199.23 6,743,412 34.69% 862,219 12.79%
PRINA772045| SAMN22357997 | 1.72E+09 11,402,876 |44.92155.08}99.15 8,804,048 |  22.79% 2,109,755 23.96%
PRINA772045| SAMN22357998 | 1.29E+09 8,575,304 |45.6854.32{99.03 5,762,644 |  32.80% 539,687 9.37%
PRJINA772045| SAMN22357999 | 3.15E+09 20,858,416 {45.32154.68/98.71 15,532,178 | 25.54% 1,343,190 8.65%
PRINA772045| SAMN22358000/ 1.63E+09 10,799,652 {43.75:56.25/99.21 8,802,666 |  18.49% 1,065,551 12.10%
PRINA772045| SAMN22358001 2.82E+09 18,705,362 |44.45155.55/98.76] 13,173,086 |  29.58% - -
PRJINA772045| SAMN22358002 | 1.69E+09 11,206,262 |43.1456.86|99.17 8,937,238 | 20.25% - -
PRINA772045| SAMN22358003 | 2.22E+09 14,710,016 |52.72147.28/98.35] 11,591,060 |  21.20% 2,614 0.02%
PRINA772045| SAMN22358004 | 2.06E+09 15,512,122 |43.25/56.75/98.67| 13,482,850 |  13.08% 10,650,072 78.99%
PRJNA772045| SAMN22358005 | 2.38E+09 15,198,860 |43.73156.27{98.66] 12,605,232 |  17.06% 12,233,889 97.05%
PRINA772045| SAMN22358006 | 1.96E+09 12,903,738 |44.1455.86|98.53 9,330,024 | 27.70% 2,264,788 24.27%
PRINA772045| SAMN22358007 | 1.90E+09 13,627,148 |44.5555.45/98.56| 10,654,336 |  21.82% 688,577 6.46%
PRINA772045| SAMN22358008 2.12E+09 15,368,822 |44.32155.68/98.60] 12,247,590 |  20.31% 1,518,641 12.40%
PRINA772045| SAMN22358009 | 2.04E+09 14,400,494 |48.17:51.83/98.56 10,199,050 |  29.18% 2,157,818 21.16%
PRINA772045| SAMN223580101 2.22E+09 13,915,426 |45.01:54.9998.52 9,208,088 |  33.83% 5,624,799 61.09%
PRINA772045| SAMN22358011|2.02E+09 15,757,392 |45.81154.19/98.52] 10,643,628 |  32.45% 7,214 0.07%
PRINA772045| SAMN22358012| 1.95E+09 16,431,398 |45.77:54.23/97.93] 11,343,340 |  30.97% 14,280 0.13%
PRJINA772045| SAMN22358013 | 2.34E+09 15,250,878 |45.97:54.03/98.84] 11,057,510 |  27.50% 842,507 7.62%
PRJINA772045| SAMN22358014 | 2.30E+09 13,004,858 |42.02157.98/99.03 8,521,224 | 34.48% 8,487 0.10%
PRINA772045| SAMN22358015| 1.95E+09 16,085,054 |43.32:56.68/98.70; 11,166,850 |  30.58% 542,742 4.86%
PRINA772045| SAMN22358016 | 2.32E+09 13,027,650 |44.42155.58/98.73] 10,032,414 |  22.99% 582,197 5.80%
PRINA772045| SAMN22358017 | 2.17E+09 12,585,524 |43.67 |56.3398.68 8,683,570 |  31.00% 6,588 0.08%
PRINA772045| SAMN22358018 | 2.10E+09 16,674,042 |46.14153.86/98.50] 12,472,146 |  25.20% 10,826 0.09%
PRINA772045| SAMN22358019 2.48E+09 14,483,294 |43.87:56.13/98.76] 11,986,114 |  17.24% 891,977 7.44%
PRINA772045| SAMN22358020 | 2.30E+09 12,677,400 [45.21:54.79/98.56| 11,228,498 |  11.43% 1,089,349 9.70%
PRINA772045| SAMN22358021 | 2.43E+09 14,026,498 |43.5456.46/98.72] 10,809,798 |  22.93% 2,388,235 22.09%
PRINA772045| SAMN22358022 | 1.97E+09 16,989,660 |43.70:56.30/98.55 13,648,750 |  19.66% 5,099,363 37.36%
PRINA772045| SAMN22358023 | 2.52E+09 14,808,998 |43.64156.36/98.77] 13,009,292 |  12.15% 5,759,297 44.27%
PRINA772045| SAMN22358024 | 2.19E+09 13,300,190 |42.13/57.87/98.70/ 10,782,856 |  18.93% 1,147,132 10.64%
PRINA772045| SAMN22358025| 1.91E+09 13,514,762 |42.56:57.44/98.54] 11,681,046 |  13.57% 1,888,233 16.16%
PRINA772045| SAMN22358026 | 2.57E+09 14,444,148 |44.9555.05/98.63] 12,026,412 |  16.74% 4,184,115 34.79%
PRINA772045| SAMN22358027 | 2.24E+09 12,656,150 |45.0354.97{98.91 10,184,462 | 19.53% 2,323,947 22.82%
PRINA772045| SAMN22358028 | 2.01E+09 14,453,848 |43.07:56.93/98.36] 11,300,292 |  21.82% 773,240 6.84%
PRINA772045| SAMN22358029 2.18E+09 14,670,230 |44.88155.12/98.96] 13,060,682 |  10.97% 4,761,511 36.46%
PRINA772045| SAMN22358030| 1.91E+09 8,036,376 |44.97 55.03]98.82 5,987,696 |  25.49% 4,786,888 79.95%
PRINA772045| SAMN22358031 2.18E+09 14,514,018 [43.64:56.36/98.62, 11,308,760 |  22.08% 1,040,705 9.20%
PRINA772045| SAMN22358032| 1.21E+09 14,373,190 |47.06:52.94/98.83] 10,696,138 |  25.58% 3,353,345 31.35%
PRINA772045| SAMN22358033 | 2.19E+09 12,265,628 |44.04155.96| 98.82 8,915,664 |  27.31% 578,927 6.49%
PRINA772045| SAMN22358034 | 2.17E+09 13,409,018 [43.40:56.60/98.58| 10,613,368 |  20.85% 25,952 0.24%
PRINA772045| SAMN22358035 1.85E+09 13,259,254 |44.13155.87/98.32] 10,291,950 |  22.38% 9,045,568 87.89%
PRJINA772045| SAMN22358036 | 2.00E+09 16,262,482 |41.84158.16/98.69] 13,544,006 |  16.72% 12,595,303 93.00%
PRINA772045| SAMN22358037 | 2.46E+09 13,097,708 [41.79:58.21/98.86 8,550,548 |  34.72% 898,743 10.51%
PRINA772045| SAMN22358038 | 1.98E+09 12,735,572 |44.4455.56| 98.54 8,875,980 |  30.31% 550,638 6.20%
PRINA772045| SAMN22358039 | 1.92E+09 12,894,422 |43.65156.35|98.37 9,177,962 |  28.82% 14,550 0.16%
PRINA772045| SAMN22358040 | 1.95E+09 12,930,854 |43.44156.56/98.80] 10,895,156 |  15.74% 2,556,525 23.46%
PRINA772045| SAMN22358041 2.04E+09 13,477,350 [43.66:56.34/98.89| 11,528,892 |  14.46% 1,405,336 12.19%
PRINA772045| SAMN22358042 | 2.49E+09 16,493,456 |43.58156.42/98.90] 13,843,698 |  16.07% 2,360,297 17.05%
PRINA772045| SAMN22358043 | 1.99E+09 13,205,156 |42.8757.13{98.31 9,668,272 |  26.78% 1,215,215 12.57%
PRINA772045| SAMN22358044 | 2.19E+09 14,535,248 |42.83:57.17/98.69| 12,181,720 |  16.19% - -
PRINA772045| SAMN22358045 1.69E+09 11,163,702 |42.4457.56|98.85 8,624,394 | 22.75% - -
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Supplementary Table 4. List summarizing all viruses detected in the composite samples.

Note: Ounly viruses with (near) complete or partial genomes, less than 20 kb were
considered, because known plant viruses do not have genomes larger than 20 kb. Virus
identification is based on percent genome / nucleotide similarity to known species and
applicable demarcation criteria set by ICTV, as of 31st October 2021. Virus taxa and
species names are based on the ICTV Master Species List (MSL) #36. In the table matrix,
HTS-based detections are marked as A - detection with full genome, B - detection with
partial genome, or C - probable sequencing cross-talk, contamination or low titer detection
with a very small fraction of reads mapped to reference genome (<0.00001%).

(see next page)
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$Sampling location ID —| BER19 NGO19 BUK1¢ KOP19 - PAR19 BOL19 POR19 KOR19  BER20 STR20 BOL20  MIR20 KOP20
Hote: Vins in Number of plants in the composite sample —| 6 |6 {10/ 617 /5/35/9|4/5/5:4{10/4 /4 6/5/8/7 5{5/3/8/7(5/57 51058 10/5/8 111497 4 5
RNAs,satelis RNAS, pulaive wroids andiuses Under Reaim Rboviain Numberof viruses detected (<20 ko genome only) —| 3[4 |2 (5 141313 4 |9{4 1 6 8 t/5 1|1(1/3[108/3/10/3/5[5/1(4/3/2/3 5/63/2(3]92|3/5/3/2/13]0
bluefontare iuses with unconfimed weed hosts). T e g g e
O N N S S S N SIS S S S S S S S S S S S
. IRl (i F B BRI R
Order Family Genus Virus name (or tentative name for new species) e e e e
= = abbreviation |~ | |5 | | 5 % (% 5 5 (5 (5 |5 5165 |5 & (5|66 |5 5 5|55 6 556 555 55 5\5 55666565
Bunyaviales__ Tospoviidae, TS c
Bunyaviales | Tospoviidae. 1 VierVi AR A A
Bunyavirales_{unciassifed_{unclassifed fomato associated bunya-ke vius 1 TaBLvi A
Bunyaviles | Fimoviridae | Emaravis Atemesia fmoirus 1 vt 1 A
Dumavirales _ Amalgaviridae | Amalgavirus southem omato virus STV 1B |8 TAlA 8| Al Al AlA| |A[A CIAA| BIA| [A[A| A
Dumavirsles | Partvidae T PaDPVT 3
\Dunavirales Partitiviridae PaDP\V2 A
Dumavirales | Partvidae PaDPV3
Dumavirsles __ Partvidae PaDPVA
Dumavirsles | Partvidae PaDPVS A A
Dumavirales | Partvidae. 6 PaDPVS
Dumavirales | Parttvidae Eysiphe EnaP\2 A
unclassifed c 1, CoVi c 18]
Totiviridae unclassified Erysiphale totivirus 24 EaTV24 A
Totividae ___|unclassified Koper olvius 1 KTVi A
Tofiviidae___|unclassifed Koper oiirus 2 Kiv2 A
Totiiidae ___unclassifed Koper oiirus 3 [ A
i Cucumovirus cucumber mosaic vius oMV A A c
Bromoviidae_|Cucumovirus peanutstuntvirus = A
Cucumovirus tomato aspermy vinus TAV
lanvius 'Solanum nigrum fanius 1 Snivi clclBl
Bromoviida _|larvius tomato 1 Vi A
Bromoviidae | larvius Prunus virus | P A
Closterovirus et yellows virus B
Closterovirus 1 PaciVi A
Closterouius PaCiv2 A
Criniviras 1 PaCVi A
1 TaAEV1 A
1 ParEVT A
Kitaviidae___|Blunervirus fomato futbioth vius ToFBY AlA
Virgaviridae __| Tobamovirus fomalo ToMV A[A[AIA Al [C B | Al [ClAAIA ¢c| [clc c
unclassified lunclassified plant associated tobamo-like virus 1 PaTLV1I T c c c
Virgaviidae _| Tobamovius Planta PTVI gl A
Lispiviae___{unclassifed Leweillua ke virus 1 LGRLVT clc| [al8] c c [c c c
i MDY A
motte vius PHCMoV A
TERVI A
[ PaCRV A
TERV2 A A
1 PBRVI A
ci 1 CCRVI
T 1 TBRVI
i 1 PICRV A
T irus 1 TCRVI
1 TARVI A
Ortervirales Caulimovirus 1 PaCali A
Ortervirales iidae | Soymovius 1 Pasovt © ® A
Patataviles | Potyviidae | Potyvius potato s Y PV AlA AA _|AAA A
\Patatavirales Potyviridae Potyvirus (carrot thin leaf virus CTLV A A
Patataviales __|Potyviidae | Potyvius lettuce mosaic irus LMV A
Patataviales | Potyviidae | Potyvius Henbane mosaic irus HMV
Patataviles | Polyviidze | Potyiius i v A
Patataviales __|Polyviidae | Macluravitus broad-leafed dock irus A BLOVA
Patataviales | Potyviidae | Potyvius Plantago potyirus 1 PlaPVi A
Patataviles | Potyviidae | Potyiius Rumex potyirus 1 RumPVT
\Patatavirales Potyviridae Macluravirus Mentha macluravirus 1 MenMV1
Patataviales __|Potyviidae___|Macluravinus road-feafed dock irus A di BLDVAdiergent
Picomavirales idae_unclasslfed Now 1 NMDVI
\Picornavirales unclassified Novo Mesto dicistrovirus 2 INMDV2
Picomavirales | Dicstoviidae_unclassifed Ljublana dicistovius 1 CA c
Picomavirales | avindae | avius ftomato matida vius AAlB| CAA ©
Plcomavirales | aviidae | avius La Jolla s A
\Picornavirales | Maviridae lunclassified Novo Mesto iflavirus 1
i jridae_junclassifed s glines irus 1 ® A ®
unclassifed Fiube picomarilke irus 36
Picomaviales _|Secoviidae__|Fabavius broad bean wiltvius 1 A _|A A
Plcomavirales | Secoviridae | Waikauirus 1 A
Plcomavirales _|Secoviidas | Walkavitus 2
Plcomavirales _|Secoviridae | Sequivius 1
Picomavirales _|Secoviridae__|Sequivirus
Plcomavirales _ Secoviridae | Sequivius 3
Asplviidae | Ophiovirus Ranunculus white motte ophiovius AlA A A
Sobeliiales Polerovius Fube polero ke vius 2 A A
Sobelivirales Polerovirus barieyirus G A
Sobeliviaes Polerovirus 1 A A
Sobeliiales Polerovirus 2 A
Sobeliviales Polerovirus 3 HEE A N
Tolivirales 1 Al B | |8 ¢ iclc Al
Toliviales olive mild mosaic vius, partal genome
Tollvirales A A |
Tolivirales A AcC
Tolivirales Luteovirus sooean dvarfvrus A
Toliviales Umbravirus Pastnaca umbravius 1 A
Tolivirales Unbravirus 1 A A
Tolivirales Aureusvirus Convolw 1 A
Toliviales i e Calysegia pelarspovius | A
Tolivirale: (Cich 1 A A
ovirales white clover mosaic vius, near complete
ovirales Pastinaca potenirus 1 A
ovirles Carlairus potato irus M P A
ovirales Caravirus potato irus S 3 A A
ovirales iiridae_|Viius tomalo viius 1 TomVi
unclassifed __unclassifed | Albetovius fomato albetovirus 1 TomAV ¢ [ & c
unclassified unclassified unclassified | T araxacum viroid-like circular RNA 1 TVCR1
lunclassified unclassified unclassified plant associated iroid-like circular RNA 1 PaVCR1 A
unclassified _unclassifed __unclassifed plant associated vioid-lke circular RNA2 PaVCRZ A
unclassifed _unclassified _unclassifed plant associated viroicike circuiar RNAS PaVCR3 A
unclassified unclassified unclassified plant associated viroid-like circular RNA4 PaVCR4
unclassified _|unclassifed _satelte RNAS plant ombusirus ke associated RNA T PTaR1 A
unclassifed __unclassifed plant ombusirus-ike associated RNA2 PTaR2 A
unclassifed _unclassifed _satelite RNAS antlombusirs e associated RNAS PTaR3
unclassified unclassified _|satelite RNAS. Cymbidium ringspot virus satellite RNA CymRSV-saRNA A
unclassified __unclassifed ! telite RNAC TBSV-5aRNAC A
unclassifed _unclassifed _satelite RNAS fomato bushy stuntwrus saelie B10 TBSV-saRNABT0
unclassified unclassified satellite RNAs [tomato bushy stunt virus satellite RNAL  TBSV-satRNAL
Realm Riboviria_|unclassified _|unclassifed Erysiphe necalor ourmia-ike irus 82 En0LVB2
Realm Riboviria_unclassifed _unclassifed plent associated bolourmia-fke virus 1 PaBLVI c A
Realm Riboviria_|unclassified _unclassifed plant associated botourmia-ke virus 2 PaBLV2 A
Realm Riboviria _junclassified unclassified Plasmopara viticola 1 [PLAMVE A
Real Ribovira_|unclassified | unclassifed Leveilula ke irus 1 LNV B [BAA AlA A
Realm Riboviria_|unclassified _unclassifed Koper nodiie s 1 KNLVI A A
Reaim Riboviria_{unciassifed _{unclassifed Kopernodadike virus 2 KNLV2 A
Real Riboviria_unclassifed __ unclassifed Kopernodalike irus 3 KNLV3 A
Real Riboviria_unclassified _|unclassifed Kopernodalike irus 4 KNLVA A
Realm Riboviria_|unclassified _unclassifed Koper picoma-ike vius 1 KPLV1 A
Realm Riboviria_junclassified unclassified Novo Mesto picomanirus 1 INMPV1
Real Riboviria_unclassified __ unclassifed ftomato associated part-ike vrus 1 TaPLVi A
Realm Riboviria_unciassified __unciassifed fomato associated ombus ke virus 1 TaTlvi c ¢ A
Reaim Riboviria_{unciassiied _lunclassifed Ensiph E Alc| | e BiAl efel [ fei [ e clcBl |
Realm Rboviria_{unclassifed _{unclassifed plnt associated tombus-ike virus 1 PaTLVi A
Realm Riboviria_|unclassified __|unclassifed plant associated tombus ke virus 2 PaTL\2 c c A
Realm Riboviria_unclassifed _|unclassifed Sanxia ombus-ike irus 7 STV A
Reaim Riboviria_{unciassiied _{unclassifed Ensiphe necalor associaled sSRNAWIUS 8 EnaSR CA (AT c
Real Ribovira_unclassified _unclassifed plnt associated virga-lke vius 1 PavLVi © CABAC c
Realm Riboviria_unclassified | unclassifed plant associated virga-ke virus 2 PavL\2 AH H»
Realm Riboviria_junclassifed __|unclassified [tomato associated virga-like irus 1 TawLvt 1 A 11
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Supplementary Table 4. (continued columns)

Sampling location ID — JEEIAeF1) KOR20 PLE20 JUR20 TUR20 Total
Hote: Vs s inred fontare ite sample — (5[5 6105 (7|7 irie]7 7]6[s]s 7 436
RNAs, satelite RNAs, putafive i in Number o viruses detected (<20 kb genome only) —(4 | 6 [ 71515 15[ 5[12[4 |3 6[4|6/3i213|s|s[4[574 a[7] 314 vi i full or partial)
blue fontareviruses with unconfrmed weed host(s). SRA accession |z [z ot 1= 2 2|5 [ 12 = 2 |2 |2 s 2 |2l o [ | Number
number - [SSESSSSSIRSHSSIENSEE NG| of | GenBank Accession Numbers
Order Family Genus Virus name (or entaive name for new species) u B[8/8/8 218|818 \8 818 18/8 & 818|888/ S 8[| isolates | (NOTE: Only solates with fll genomes, marked here with 'A", were submited in GenBark.
niquevirus |\ \& & &\ 8 &S S IE\EEEEIEIEEEEE I (uor | Muliple GenBank accession numbers are lsted successively — )
3 3 2 <] _abbreviation | - i genome)
Bunyavirales _ Tospoviidas fomato spo TSW AlA] AAAA &
Bunyavirales_ Tospoviidae i 1 Verdi 4
Bunyavirales \unclassified unclassified |tomato associated bunya-like virus 1 | TaBLVI 1
Bunyavirales __|Fimoviridae | Emaravirus Atemesia imovius 1 AVt T
Dumavirales __ Amalgaviridae | Amalgavius STV AlA[A AAAA A AAA 3
Dumavirales |Partitiviridae 1 PaDPVI 1
| Dumavirales Partitiviridae PaDPV2 2
Dumavicles __ Parttvidas PaDPV3 A 1
Dumavirales |Partitiviridae PaDPV4 A 1
Dumavirales | Parttviidas PaDPVS 2
| Dumavirales |Partitiviridae PaDPVE A 1
Dumavirales Partitiviridae ‘associaled paritivirus 2 EnaP\2 1
unclassifed 1 Covt 1
Ghabrivirales Totiviridae unclassified EaT\24 1
Ghabrivirales Totiviridae unclassified Koper totivirus 1 KTVA 1
Ghabrivigles _ Totvinidae __unclassifed Koper tofirus 2 KTV2 T
Ghabrivirales Totiviridae ‘unclassified Koper tofivirus 3 KTV3 1
Martolvirales _ Bromoviidae | Cucumovius (cucumber mosaic vius oMV A[A[A_AA[A CiA 9
Martelvirales _ Bromovindae__| Cucumovius PSV 1
Martellivirales | Bromoviridae | Cucumovirus tomato aspermy virus TAV A 1
Martelivirales | Bromovinidae | larvius Solanum nigrum flarius 1 sovi A 2
Wartelivirsles _|Bromovindae_larvius fomato lanirus | ™I 1
Martellivirales __iBromoviridae i llarvirus (Prunus virus | PVl 1
Martelvirales Closterovirus el elows ius B A 1
el Closterovirus 1 PaCIVi 1
Closterovirus [plant associate 2 PaCIv2 1
Wartelvirales Crinivis 1 PaCrV 1
1 TaAEVI 1
Martolivirales 1 PalEVT A 2
Wartelivirsles _|Kiaviidze | Blunervius ftomato itbloteh vius ToFBY. 2
Martelivirales | Virgaviridae | Tobamovirus {tomato mosaic virus ToMV A AAAAA[BIAA 2
Martolivirales _{unclassified__|unclassifed plant associated tobamo-ike virs 1 PaTLVT A[A[A 4
Wartellvirsles _ Vigaviridae | Tobamovirus Plantago wbamovirus 1 PTVI 1
Lispividae __junclassifed L ke vius 1 LaRLVI clc 2
ENDV 1
matle virus PHCMoV. A AA 4
1 TBRVI 1
1 PaCRV 1
TBRV AlAlA 5
1 PBRVI A 2
1 CCRV A 1
| Taraxacum 1 TBRVI A A 2
1 PICRVI 1
Teraiacum 1 TCRVI A 1
1 TARVI 1
Orterviralos Caulmovirus 1 PaCaVt 1
Orerviales iidae_| Soymovirus 1 PasoVt 1
Patalavirales | Potyviridae | Potyvirus [potato virus Y PV AlA[AlAATA[A] [A/AIA[A] [AIAlA A 2
Patalavirales | Potyviridae | Potyvirus [camot thin leaf virus CTLV, A 3
Petsavirsles | Potyviidae___ Potyvinus lettuce mosaic vius LV A 2
Patatavirales Potyviridae Potyvirus Henbane mosaic virus HMV A 1
Pataavirales__ Potyviidae___ Potyvirus v 1
Patatavirales |Potyviridae |Macluravirus |broad-leafed dock virus A BLDVA A 1
Patalavirales | Potyviridae | Potyvirus [Plantago potyirus 1 PlaPVi 1
Ptaavircles__ Potyviidae___ Potyvirus Rumex potyius 1 RumPVi A 1
Patatavirales |Potyviridae |Macluravirus 1 MenMV1 A 1
Patatavirales Potyviridae Macluravirus |broad-leafed d BLDVAdivergent c A 1
unclassiied [Novo Mesio i 1 NV A 1
unclassified INowo Mesto dicistrovirus 2 NMD\2 A 1
unclassiied L 1 LoVt [ 1
Plomavieles | aviidae | Havirus fomato matida vius THaV. [ 2
Picornavirales | Maviridae Mavirus |La Jolla virus LV c 1
Picomavirales __ ilaviridae ‘unclassified INovo Mesto iflavirus 1 INMIVE A 1
unclassiied Ao giycines vius 1 1AGVT A 2
unclassified ik {HUPILV36 A A 2
Ploomaviales | Secoviidae __ Fabavius Jroad bean witvius 1 ] 3
Pioomaviales | Secoviridae | Waikavirus 1 Panvi 1
Picornavirales _: Secoviridae Waikavirus |plant associated waikawrus 2 PaV2 A 1
Ploomaviales | Secoviridae | Sequivius 1 PasVi A 1
Picornavirales | Secoviridae Sequivirus Pas\2 A 1
Ploomavielos_ Secoviidae | Sequivius [lantassociated sequiius 3 Pasva A 1
jraes_|Aspiviridae___|Ophiovirus Renunculus white mote ophiovi IRWMY A 5
 Sobelivirales i Polerovirus. Hubei polero-ike virus 2 HuPLV2 2
Sobelivales Polerovirus barieyinus G 81G 1
Sobelivales Polerovirus polerovius 1 PaPoVi 2
 Sobelivirales Polerovirus. polerovirus 2 PaPo\2 1
 Sobelivirales |Polerovirus polerovirus 3 PaPo\3 1
Toliiales | Tombusviidae i 1 oLVt 18] 1
Tolivirales Tombusviridae lolive mild mosaic virus, partial genome OMMV 2
Toliirales | Tombusviidae A TNVA 4
Tolivirales Tombusviridae i TBSV 2
Tolivirales Tombusviridae | Luteovirus |soybean dwarf virus |SbDV 1
Toliviales ___ Tombusviidae_ Umbravirus Pestinaca umbravirus 1 PasUVi A 2
Tolivirales Tombusviridae | Umbravirus |Picris umbravirus 1 PicUV1 2
Tolivirales Tombusviridae | Aureusvirus 1 ConAV1 1
Tolivirales Tombusvirdae_ Pelarspovius i 1 CalPvi A 2
Tolivirales Tombusviridae ir 1 CicAV A 3
ymovirales lexvirus \white clover mosaic virus, near complete WMV A
fes i torvius Pastinaca polenirus 1 PasPVT
iales inidae | Caravirus potato irus M P A[A[A )
irales Cartavirus [potato virus S A
ales Viirus ftomato vitius 1 A[A
unclassified unclassified Albetovirus 1
unclassified unclassified unclassified | Taraxacum viroid-like circular RNA 1 A 1
unclassified unclassified unclassified plant associated viroid-like circular RNA 1 1
unclassifed__unclassified _junclassifed plantassociaed roi-ike circular RNAZ AR 3
unclassifed___unclassified _unclassifed plant associated vioicHike circular RNA T
unclassified unclassified unclassified plant associated viroid-like circular RNA4 1
unclassified___unclassified_ satelite RNAS plant ombusiius-ike associated RNAT 2
unclassified lunclassified isatellite RNAs plant tombuswirus-like associated RNA2 2
unclassified ‘unclassified ‘satellite RNAs plant tombuswirus-like associated RNA3 1
unclassified_{unclassifed _ satelite RNAS [Cymbidium ringspotirs satelte RNA c c 1
unclassifed__junclassified_ satelite RNAS fomato bushy stunt irus satelite RNAC T
unclassified unclassified ‘satellite RNAs |tomato bushy stunt virus satellite B10 . TB! 1
unclassified__{unclassified_satelite RNAS fomato bushy stntvirus satelte RNAL TBSV-saRNAL 1
Realm Riboviria_{unclassified unclassified Erysiphe necator ourmia-like virus 82 EnOLV82 2
Realm Ribovi unclassified unclassified plant associated botourmia-like wirus 1 PaBLV1 1
Realm Riboviia_{unclassified _|unclassifed plantassociated botourmia-fke vrus 2 PaBLV2 1
Realm Riboviia_unclassified _|unclassifed P T IPANVE 1
nclassifed _lunclassiied L ke vius 1 LaNLVI 7
Realm Riboviia_{unclassified _|unclassifed Koper noda-ike vius 1 KNLVT 2
Realm Riboviria_{unclassified unclassified [Koper noda-ike virus 2 KNLV2 1
Realm Riboviria unclassified unclassified [Koper noda-like virus 3 KNLV3 1
Realm Riboviia_{unclassified _unclassifed Koper noda ke virus 4 KNLVA 1
Realm Riboviria_iunclassified unclassified Koper picoma-like virus 1 KPLVI 1
Realm Riboviia_unclassified _unclassifed Novo Mesto picomavius 1 NVPVT A 1
im unclassified _|unclassifed lomato associated part-ike virus 1 TaPLVi AR 4
I unclassified unclassified ltomato associated tombus-like virus 1 TaTlvt A 3
I unclassified__junclassified Enah2 Bl cc 7
im unclassified_|unclassifed plent associated tombus ke vius 1 PaTLVT 1
I unclassified ‘unclassified plant associated tombus-like virus 2 PaTL\V2 1
Realm Riboviria unclassified unclassified |Sanxia tombus-like virus 7 STLVT 1
Reaim Riboviria_|unclassifed _{unciassified EnaSRVS 3
Realm Riboviia_unclassified _lunclassifed plent associaed viga-ike vius 1 PaVLVT 4
Realm Riboviria_unclassified unclassified plant associated virga-like virus 2 PaVL\V2 2
Realm Riboviria {unclassified unclassified [tomato associated virga-like virus 1 TavLvt 1
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Supplementary Table 5. List of analyses done in the reconstruction and identification
of individual virus genomes. Only (near) complete or partial genomes, less than 20 kb, and
with average mapping depth greater than 1.0 are listed.

Notes: 'Virus identification is based on percent genome or nucleotide sequence similarity
to known species and other applicable demarcation criteria set by ICTV, as of 31st October
2021. Virus and taxa and recognized species names and naming rules, are based on the
information at the ICTV website (www.talk.ictvonline.org/) and Master Species List
(MSL) #36. *All BLAST analyses were done using the nucleotide (nt) database version
released on December 2020. Best hits have E-value less than 0.0001. *Genome mapping was
done on viral RefSeq version from July 2020. *‘Mapping (95% nucleotide similarity and
coverage was set) and assembly were done on CLC Genomics Workbench version 20.0, and
assembly was also done using metaSPAdes (SPAdes version 3.14). *trimmed and quality-
screened reads from the sequencing library. 6final consensus genome length / best hit
genome length (in no. of nucleotides).

(see next page)
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a : Best hit from Best hit from Remapping reads to final consensus genome sequence* NBCI GenBank
2 Virus name Uni . BLASTn analysis® of BLASTn analysis” of and final BLASTn analysis for verification’ accession
s . . nique virus
8 (or tentafve name for new speces hatare in - mapping consensus’ [OR | assembled contig* | Fracionof | Average Best hit in BLASTn® number of Remarks / Notes
g YCHOWmgh:;&:;é:?&:::‘g“mm"am * GenBark | Percent GenBark | Percent| reads’ | mapping | GenBank Genome | Percent | "econstructed
(7] accession no. | identty accessionno. | identty | mepped | deph | accessionno. | covered® | identty | Virdl genome
SRR16552271 | P1.1BER19-ST
0talo virus Y PVY KX184817 | 99.69| | - -| 07087%| 174564] KX184817 9709/9719] 100.00] OL472145 | full genome assembled
fomato mosaic virus ToMV. MN267904 | 99.00] | - -| 93.7180% | 351439.67] MN267904 | 6384/6383] 99.00] OL472089 | full genome assembled
| isouthern tomaio virus STV MNOS5716 | 96.00 - | 0.0003% 2.45]_ MN095716 - 96.00 - low read coverage, partal genome obtained (was
SRR16552270 | P1.2BER19-ST 1
poaio virus Y VY JFe27761 . -| 0s200%| 120020] JFe27761 | aBoo] - reconsiucion of consensus genome notpossile due b presence of
i more than one viral strain
fomalo mosaic virus ToV. MN267904 - -| 964897% | 8246.41) MN267904 | 9684/9701 99.00! OL472090 | fullgenome assembled
Physostegia chiorof PhCMoV KY706238 - -| 06600% 113281 Kv706238 | 13318/13319| 99,00, MWG66749 |l genome assembled
fomato betanucleorhabdovirus 1 TBRV1 KMB23531 - -[ "00106%|  17.83] KM823531 | 13577/13188| 66.80! OL472119 | new species, ul genome assembled
SRR16552235 | P02BER19-AT ]
fomalo mosaic virus ToMV MN267904 - - 0.8000% 416383 full genome assembled
_._isouhen omaip virus STV MIN216389 | : -|_.0.0069% low read coverage, partal genome oblained (was notdeposied)
SRR16552224 | P3.1BER19-SW. ]
cucumber mosaic virus, RNAT oMV D00356 - -|_01006%| _441.58] D00356 3558/3557| 98.70! 0L472030 | fullgenome assembled
Lcucumber mosaic virus, RNA2 MV AJ517801 - | 0d017% | 490.83] AJs17801 3052/3050| 9870/ OL472048 | full genome assembled
‘cucumber mosaic virus, RNA3 MV AJ517802 - -| T0.2896% | 1935.45] AJ517802 | 2216/2216| 99.20] 0L472039 | fullgenome assembled
lomalo mosaic virus ToMV MN267904 - - 00141%| 3202 MN267904 | 6341/6383 99.40] 0L472091 ull genome assembled
Hubei polero-fie virus 2 HUPLV2 KXB82844 - -| 04138% | 1009.61] Kxgs2844 6083/6083] 99.10] OL472220 | _full genome assembled
plant associated 1 PaAEV1 MH182675 - -| 00179% | 18.35| MH182675 | 14445/14728| 65 new species, ull genome assembled
i 1,RNAT PaDPV1 - i NC_038846 | 76.10 _0.0091% 79.00% NC_038846 | 1555/1575| 76.10; OL472010 | new speces, ull genome assembled
plantassociaied dellapartivirus 1, RNA2a PaDPV1 - - MK731958 | 70.31] 0.0076%|  72.76] MK731958 | 1544/1583| 70.31] OL472011 new spegies, ull genome assembled
plantassociated delapartivirus 1, RNA2b PaDPV1 - MK731957 0.0033%| 3211 MK731957 | 1510/1517| 64.88] OL472012 | new spedes, full genome assembled
SRR16552261 | P3.2BER19-SW 1
fomalo mosaic virus ToMV. MN267904 | 99.30| | - -| [00190%|  33.68] MN267904 | 6383/6383| 99.40] OL472092 | full genome assembled
plantassociaied closkerovirus 1 PaCVi - B LC480248 | 65.80| 0.0296% |  29.22| LCAB0248 | 13177/15597| 65,80/ OL472072 | new species, full genome assembled
| iplantassociated waikavirus 1 PaWW1 - - NC_040586 | 67.00] 0.0247%| _ 29.23| NC_040586 | 11022/12313| 67.04] OL472169 | new speces, ull genome assembled
Ljubliana dicistovirus 1 LDV - - MH459180 0.0776%| _ 114.32| MH459180 | 8841/8293| 67.00 OL472194 | new speces, full genome assembled
SRR16552250 | PO4NGO19-AT 1
Isouthern oo virus STV MF422618 - -| 00500% | 180.61) MF422618 | 341413437] 100.00{ OL4T1986 | full genome assembled
| lolive latentvirus 1 oLv1 MK376952 - | 00022% 7,64 MK376952 -|"98.00] - low read coverage, partal genome obtained (was not deposied)
Ranunculus white motfe ophiovirus, RNAT RWMV NC_043369 - -| 02140% | 201.00] NC_043389 | 762214018 91.24] OL472207 | frstfull sequence of genome
white motte ophiovirus, RNA2 RWMV AF335430 - - | AF335430 | 1787/263] 90.08] OL472208 | frst of genome
Ranunculus white motfe ophiovirus, RNA3 RWMV AY542957 - - AY542957 148611063 9194 OL472209 | frstiull sequence ofgenome segment assembled
Ranunculus white motfe ophiovirus, RNA4 RWMV KY769704 - - KY769704 132411381]_71.11]_0L472210 | frstull sequence ofgenome segment assembled
SRR16552286 | POSNGO19-ST ]
southern omalo virus STV MF422618 | - -| 01073% | 434.84] MF422618 | 3414/3437| 100.00{ OL471987 | fullgenome assembled
olive latentvirus 1 oLvi MK376952 - -| 00040% | 1520 MK376952 | 3277/3699| 98.00] - partal genore obiained (was not deposied)
Ranunculus white motfe ophiovirus, RNAT RWMV NC_043369 - -| 01969% | 231.00] NC 043389 | 762214018 91.24] OL472211 frstull sequence of genome segmentassembled
Ranunculus white motfe ophiovirus, RNA2 RWMV AF335430 - - | AF335430 1787/263| 90.08]_OL472212__| frsthull sequence ofgenome
white motte ophiovirus, RNA3 RWMV AY542957 - - | AY542057 | 1486/1063] 91.94] OL472213 | frst of genome
Ranunculus white motfe ophiovirus, RNA4 RWMV KY769704 - - KY769704 1324/1381| 71.11] OL472214 | frstiull sequence ofgenome segment assembled
SRR16552275 | POSNGO19-SW
ibroad bean wiltvirus 1, RNAT BBV 1 - - MN216350 | 88.30| 1.7688% | 382085] MN216350 | 5820/5771| 88.27] OL472172 | full genome assembled, probable divergentstain
ibroad bean wilvirus 1, RNA2 BBW1 - - MN216379 21729%| 795226 MN216379 | 3435/3303| 88.68] OL472173 | il genome assembled, probable divergentstain
{Erysiphe necalor associaled ambiguivirus 2 EnaAV2 - -| [ NiN627469 | 97.90| 0.0042%|  16.34] MN627469 | 3198/3222| 97.90, OL472267 | fuil genome assembied
iplant associated viroid-Tike Gircular RNA 1 PaVCR1 ot appicable - ot appicable -|0.0024% | "55.03] " notapplicable 556 - -1 0L472257 | viroid-lke circular RNA (putaive new viroid species)
| iplantassociated viroid-fie circular RNA 1 PaVCR2 ot appicable - ot appicable -| T0.0026% | 65.88] notappiicable 491/~ -1 0L472258 | viroid-lke circular RNA (puiaive new viroid species)
SRR16552273 | POTBUK19-ST
southern omalo virus STV KT85253 - -|0.0046% 50 partal genome obtained (was not deposied)
fomaio bushy stuntvirus TBSV M21958 | - | "00075% .00 M2195 514776 1ull genome assembled
Leveilula taurica-associated thabdo-ike virus LERLVA MN609860 - -| T0.0196% | 24.94] MN609860 | 13978/14003| 99.80] OL472123 | Wil genome assembled
| lolive latentvirus 1 oLv1 MK376952 - -| 00032% | 15.26] MK376952 -|98.00] - low read coverage, partal genome obtained (was not deposied)
fomaio bushy stntvirus satelite RNAL TBSV-salRNA-L FJ666076 - -|0.0001% 3.14]_FJ666076 483/615] 91.10] OL472255 | partal genome oblained
fomalo bushy stntvirus satelite RNA B10 TBSV-saRNA-B10 | AF022788 - -| To0014% | 41.41] AF022788 5901612 94.10] OL472254 | partal genome obiained
iiomalo bushy stuntvirus saeliie RNA C TBSV-saRNA-C | AF022787 - -| "00008% | 16.96] AF022787 884/822| 8130] OL472253 | new species, besthitcovers only 55% of he genome
{Cymbidium ringspot virus satelile RNA CymRSV-saRNA | D00720 - -["00008% | 25.30] D00720 607/618] 94.80] OL472252 | full genome assembled
SRR16552272 | POBBUK19-SW | | {
ibroad bean wiltvirus 1, RNAT BB - - MN216350 | 8260| 1.3066%| 2809.68| MN216350 | 5836/5771| 8263 OL472170 | Rl genome assembled. probable divergentstain
ibroad bean wiltvirus 1, RNA2 BBW1 - - MN216379 | 71.60] 6.5586% | 23566.87| MN216379 | 3386/3303] 7157) OL472171 ull genome assembled, probable divergentstain
Hubei polero-ke virus 2 HUPLV2 - - [CKxes28ad 05413% | 1117.07| KX882844 | 6083/6083| 97.40] OL472221 ull genome assembled
{Plantago potyvirus 1 PlaPV1 - -|[TAFsa3212_ | 7360 09120%| 1199.42] AF543212 9528/9797| 73,60/ OL472140__| new species, ul genome assembled
SRR16552269 | POSKOP19-AT i
{olive latentvirus 1 oLv1 MK376952 | 97.00] | - -|0.0004% 1.82| MK376952 -[_97.00] - partal genome oblained (was not deposied)
SRR16552244 | P10KOP19-ST ]
iolive latentvirus 1 oLv1 MK376952 | - -/ 00037%| _ 15.37| MK376952 -|9s86] - partal genome obiained (was
{iobacco necross virus A TNVA 906928 - -| 00037% | " 15.84] KX906928 - 8935] - partal genome obtained (was not deposied)
|__olive mid mosaic virus OMMY X906929 - -| 00043% | 18.14] Kx906929 [ 9at0] - partal genome oblained (was notdeposied)
fomato mosaic virus ToMV. N267904 - - 0.0023% 545 MN267904 [ oras( - partal genome obtained (was not deposied)
fomaio mafida virus ThaV K517476 - - T00085% | 11.81] MK517476 - 99.24] - partal genome obiained (was
Ranunculus white motfe ophiovirus, RNAT RWMV NC_043389 | - -| 703633%|  470.00] NC_043380 | 762214018 91.24] OL472199 | frst of genome
|__IRanunculus white motle ophiovirus, RNA2 RWMV AF335430 - - AF335430 1787/263| 90.08] OL472200 | frstullsequence ofgenome segment assembled
Ranunculus white motle ophiovirus, RNA3 RWMV AY542957 - - AY542957 1486/1063| 91.94] 0L472201 firstfull sequence of genome
white motte ophiovirus, RNAY RWMV KY769704 - - KY769704 1324/1381]_71.11]_OL472202 | frsthull sequence ofgenome
|SRR16552243 | P11KOP19-SW |
Mercurialis orhotospovirus 1, L segment VerV1 - -| [ _Ns60t78 | 72.44| 37889%| 3780.22] JNS60178 9024/8877| 72.44] OL4T1967 | new species, ull genome assembled
{Mercurial 1, M segment MerV1 - -| [INs60177_| 7077 2.6906%| 462018] JN560177 5232/4786| 7077/ OLAT1968 | new species, full genome assembled
Mercuri irus 1, S segment MerV1 - | [CAVess718_ | 65.94] 3.8029 I OL4T1969___| new species, ull genome assembled
fobamo-like virus 1 PaToLVi - -| [NC_032449| 3506 0.0105 i 5| _new species, has virga-ike domains, BLASTX hitis shown
i Erysiphe necalor associaled SSRNA virus 9 EnaSRV9 - NIN627473 1 0.0106% 1 ull genome assembled, possibly a di
| plantassociated virga-lie virus 1 PaVLV1 - - MN035426 0.0196% 3586/3685| 71.65] OL472274 | new species, partal genome obfained
plantassociated virga-lke virus 2 PaVLV2 - -|  [QED42936 | 31.15] 02176% 3627/-| 3115 OL472275 | new specis, has virge-ike domains, BLASTX hitis shown
Eysiphe necator associaled partfvirus 2, RNAT EnaPV2 - | [ MNe05492 | 99.54 0.0592% " MNG049: 1723/17351 99.54] OL472008 | fuil genome assembled
Eysiphe necalor assodiated partivirus 2, RNA2 EnaPV2 - B MING05493 | 99.93 MN605493 | 1534/1557| 9993 OL472009 | full genome assembled
Plasmopara vicola lesion associaled monoambiguivirus 1 PYLAMVT - - MN556995 | 96.59| 0.2726%| 396.98| MN556995 | 6159/6099] 9659 OL472280 | full genome assembled
Koper noda-fke virus 1 KNLVT - - MWB48508 | 67.13] 0.0336%  94.01| MW48508 | 3150/3115] 67.13 OL472281 new species, best it covers only 37% of genome
|SRR16552242 | P12PAR19-AT |
Southern formaio virus STV MK948595 - -| 0.0439% | 129.88] MK948595 | 3436/3437| 99.70] OL471989 | full genome assembled
1obacco necrosis virus A TNVA KX906928 - -|00448% |  124.06] Kx906928 3684/3684| 97.10]_0L472227 | fullgenome assembled
olive latentvirus 1 oLVt MK376952 | 97.00| | - -|00229%| _6343] MK376952 | 364613669 96.20; OL472228 | full genome assembled
‘olive mild mosaic virus OMMV KY769774 | 9100, | - -| 00093% | 25.35] KY769774 -|otoo] - partal genome oblained (was not deposiad)
{omalo albelovirus 1 TomAV1 - - L06057 74.01| 0.0024% | 19.35] 06057 1261/1239| 74.01]_OL472251 new species, ul genome assembled
fomalo associated tombus-fike virus 1 TaTLV1 - - MN609858 | 69.57| 0.0303%|  89.37| MN609858 | 3430/3314] 69.57 OL472264 | new spedes, ull genome assembled
SRR16552241 | P13PAR19-ST |
Flomalo mosaic virus ToMV. MN267904 | 9270| | - - 0.0004% 1.31]_MN267904 -| 92701 - low read coverage, partal genome obtained (was
fomalo maflda virus TMaV MK517476 | 99.00| | - -| " 0.0030% 6.50, MK517476 - 99.00; - low read coverage, partal genome obtained (was
Erysiphe necalor associated ambiguivirus 2 EnaAV2 - - MN627469 | 90.27| 0.0071%|  41.60| MN627469 | 3198/3222| 90.27] OL472266 | full genome assembled
Erysiphe necator associated SSRNA virus 9 EnaSRV9 - -| [ MN627473 | 89.97| 0.0093%|  5093| MN627473 | 3372/3506] 89.97; OL472270 | full genome assembled, possibly a di
iated virga-like virus 1 PaVLVi - - MN035426 | 7165| 0.0079%]  4167| MNO35426 | 3572/3685| 7165, OL472273 | new speces, has virga-like domains
SRR16552240 | P14PAR19-SW
Mercurialis ortolospovirus 1, L segment MerV1 - -| [ Ns60178 | 7247 0.0306%|  3181] JNS60178 905518877 7247 OLAT1967__| new species, ul genome assembled
Mercurial 1, M segment MerV1 - -| [UNs60177 | 7061 0.0712%|  142.00] JN560177 4714/4786] 70,61, OLA4T1968 | new species, ul genome assembled
Mercurial 1, S segment MerV1 - -| [ AVe86718 | 6593 0.0636%| 17438 AY686718 3407/2734| 65.93| OLATI969 | new species, full genome assembled
SRR16552239 | P15.1BOL19-AT —
Southern omaib virus STV MF422618 | 99.00] | - -| 00145%|  6421] MF422618 - 100.00{ - partal genome oblained (was notdeposed|
SRR16552238 | P15.2B0L19-AT
Southern bmaio virus STV MF422618 | 99.00] | - -| 00222% | 78.51) MF422618 | 3413/3437| 99.00, OL4T1983 | fullgenome assembled
SRR16552237 | P16BOL19-ST
Soutern tomalo virus STV MF422618 - -|_0.0007% 551 MF422618 -|_9950{ - partal genome oblained (was notdeposied|
| omato matida virus TMaV MK517476 - -|0.0006% 2.04]_MK517476 -[ 9900} - partal genome obtained (was not deposied)
fomalo fuitblotch virus, RNAT ToFBV MT434819 - -| 00028%|  1374] MT434819 | 5767/5778| 98.10; OL472087 | fullgenome assembled
fomalo fuitblotch virus, RNA2 ToFBV MT434820 - -|00010% 7.97) MT434820 | 3542/3610] 98.80; OL472080 | fullgenome assembled
fomalo fruitblokch virus, RNA3 ToFBV NT434821 - -| 0.0020% | 20.08] MT434821 2756/2761) 9450, OL472081 ull genome asserbled
fomato fuitblotch virus, RNA4 ToFBY MT434822 | - -[00009% | 1354 BE 0| 95.60] 0L472082 | full genome assembled
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a \ Best hit from Besthitfrom | Remapping reads to final consensus genome sequence’ |Nc| GenBank
E- Virus name Unique virus BLASTn analysis® of BLASTn analysis® of and final BLASTn analysis for verification’ accession
8 (or tentaiive name for new species hatare in o mapping consensus® {OR | assembled contig* | Fracionof | Average Best hit in BLASTn? number of Remarks / Notes
yellow highlight; genome is s ) reconstructed
g indicated if present) GenBank | Percent GenBank | Percent |~ reads mapping GenBank Genome | Percent | "€
7 accessionno. | identty accessionno. | idenity | mapped deph | accessionno. | covered® | identty | Viral genome
|SRR16552236 | P17BOL19-SW
Mercurialis irus 1, L segment MerV1 - - JN560178 72.50| 0.0088% 13.47] IN560178 8979/8877| 72.50: OL471973 new species, full genome assembled
Mercurialis 1, M segment MerV1 - - JIN560177 71.92| 0.0289% 79.32{ JINS560177 4758/4786{ 71.92; OLA71974 new species, full genome assembled
Mercurialis 1, S segment MerV1 - - AY686718 65.75| 0.0236% 89.29] AY686718 3463/2734| 65.75; OL471975 new species, full genome assembled
Plantago tobamovirus 1 PTV1 - - GQ401365 | 86.22| 18.5267% 174.38] GQ401365 6295/6311 8622 OL472109 new species, full genome assembled
plantassodiaied polerovirus 1 PaPoV1 B -| [ KTesee4s | 76.67| 0.1962%|  448.83] KT868949 | 60256017 7687| OL472217 | new speces, ull genome assembled
polerovirus 2 PaPoV2 - - KR706247 73.27| 0.0640% 155.67] KR706247 5669/5643] 73.27; OL472218 new species, full genome assembled
fomato fruit blotch virus, RNA1 ToFBV. MT434819 - -l 0.1904% 450.19] MT434819 5811/5811] 98.15: OL472083 full genome assembled
|__;omato fruitblotch virus, RNA2 ToFBV. MT434820 -|0.0574% 217.18] MT434820 3629/3643| 98.72 0OL472084 full genome assembled
fomato fruitblotch virus, RNA3 ToFBV. MT434821 - -| 0.3069%; 1470.54{ MT434821 2872/2872 99.37: OL472085 full genome assembled
tomato fruitblotch virus, RNA4 ToFBV. MT434822 - -l 0.1122% 790.85{ MT43482: 1945/1946] 99.64: 0L472086 full genome assembled
Cichori 1 CicAV1 - - HQE77625 | 73.24| 48.4527% | 167483.71] HQB77625 3933/3933| 73.24; OL472224 new species, full genome assembled
|__:plantassociated defiaparfiivirus 5, RNA1 PaDPV5 - MW546937 | 7610/ 0.0109% 50.22{ MW546937 1512/1583] 76.10; OL472019 new species, full genome assembled
plant associated deltaparffivirus 5, RNA2 PaDPV5 - 65.92 MW546938 1471/1459| 65.92: 0L472020 new species, full genome assembled
SRR16552234 | P18POR19-ST
Southern tomato virus STV MK610257 -l 0.0103% 52.88] MK610257 -i 98.00: - partal genome obtained (was
|___iolive latentvirus 1 OoLv1 DQ083996 - 0.0019% 9.03] DQ0B3996 - 569! - partial genome obtained (was not deposited;
tomato matiida virus TMaV. MK517476 ¢ 99.70 - -| 08361%; 1718.93] MK517476 8653/8653] 99.71: OL472166 full genome assembled
Aphis glycines virus 1 AGVT - B KM015260 | 97.33[ ol | 8983/8680| 97.33; 0L472190 ul genome assembled
Leveilula turica-associated noda-like virus 1 LNLV1 - - MN609862 | 99.64] 0.1349% 4483/4289| 99.64! 0L472283 2 sequences (MN609862-63) map o e assembled contig
omato associated partit-like virus 1 TaPLV1 - MZ443622 | 73.90] 0.0017% 1500/1506] 73.90; OL472291 new species, full genome assembled
omato associated tombus-fike virus 1 TaTLVi - - 69.72|  0.0100% 3 69.72; 0L472265 new species, full genome assembled
‘tomato associated virga-like virus 1 TaVLV1 - - -| 0.1377% -i 0L472265 new species, full genome assembled
SRR16552233 | P19POR19-AT |
Southern fomato virus STV MK610257 - -|0.0019% 547| MK610257 -1 100.00: - partal genome obtained (was not deposited)
omato matida virus TMaV MK517476 - -| _0.0774% 90.03‘1 MK517476 99.68 OL472167 full genome assembled
Levelula taurica-associated noda-lie virus 1 LiaNLV1 - - MN609862 | 99.36| 0.0665% 148.27{ MN609862 4483/4289] 9936 0L472284 2 sequences (MN609862-63) map to the assembled config
SRR16552232 | P20POR19-SW. !
~Tcarrothin leat virus CTLV - |1 MH170889 | 91.73| 74309%| 10282.14] MH170889 | 9534/9490| 9173| OL472133 | full genome assembled
barley virus G BVG B | KTos2089 | 97.99| 0.3173%|  74849] KT962089 |  5684i5620] 7.9, OL472215 | fuil genome assembled
iarvirus 1, RNAT snvi MN216370 | 98,68, - | o0012% 4.73]_MN216370 -| o868l - low read coverage, parial genome obained (was
| Solanum nigrum ilarvirus 1, RNA2 Sniv1 MN216373 | 95.31 - -1 0.0007% 3.16] MN216373 -l 9531 - low read coverage, parfal genome obtained (was not deposited)
Sok ilarvirus 1, RNA3 Snivi MN216376 | 98.20 - -] 0.0016% 9.05{ MN216376 -i 98.20¢ - low read coverage, parfal genome obtained (was not deposited
polerovirus 3 PaPoV3 - - GU327735 | 76.13| 1.5439%| 334545 GU327735 6009/5803| 76.13! 0L472219 new species, full genome assembled
Pasinaca poexvirus 1 PasPV1 - p LC460456 | 67.27 0.5653%| 126261] LCAG0456 | 5896/5964| 67.27, OL472238 new species, ull genome assembled
|__:Pastnaca cytorhabdovirus 1 PaCRV1 - - MH898500 | 67.04| 0.0249% 25.05{ MH898500 | 13072/14419] 67.04] OL472112 new species, full genome assembled
 iPastinaca umbravirus 1 PasuV1 - || TLcasaoes | 77.80( 02817%| _849.71] LCA434065 _ 93 77.80] 0L472236 | new speces, il genome assembled
umbravirus 1 PicUV1 - - KT946712 80.00| 1.8046% 5437.68| KT946: 435 6| 80.00: 0L472232 new species, full genome assembled
like associaled RNA 1 PTaR1 - p MF136436 | 77.74] 0.2362% M | 2962/1867| 77.74! 0L472298 new species, full genome assembled
| iplant ombusvirus-lke associaed RNA 2 PTaR2 - - KX883211_ | 8205| 0.0049% |  2546| KX883211 | 2524/5082| 82.05! OL472297 | new species, ful genome assembled
SRR165522. KOR19-AT
iSouthern tomato virus STV, MK948595 | 99.60 - -| 0.0184% 95.18] MK948595 3408/3437| 99.60{ 0L471984 full genome assembled
[ {tomato matida virus TMaV. MK517476 99.70 - -|_.0.0440% 43.74! MK517476 8657/8653 99.70! OL472168 full genome assembled
iLeveillula taurica-associated noda-like virus 1 LiaNLV1 - -| MN609862 | 99.39| 0.0157% 29.93| MNB09862 4430/4289! 99.39; 0L472285 2 sequences (MN609862-63) map to the assembled config
SRR16552230 /| P22KOR19-ST |
:Southern fomato virus STV, MK948595 | 99.60 - -|0.0193% 129.97| MK948595 3412/3437| 99.60{ 0L471990 full genome assembled
{Iomato mosaic virus. ToMV. MN267904 | 99.37 - -|..0.0096% 35.20! MN267904 6383/6383| 99.37: 0L472101 full genome assembled
 omalo mafida virus TMaV. MK517476 | 99.73] | - | oote3%| _s)g.gsi MK517476_ | 8562/8653| 99.73| OL472177 | il genome assembled
iolive latentvirus 1 OLv1 MK376952 | 100.00 - -|0.0009% 6.54] MK376952 -1 100.00! - partial genome obtained (was not deposited;
Leveilula taurica-associated noda-like virus 1 LiaNLV1 - - MN609862 | 99.38| 0.0058% 29.93| MN609862 4483/4289| 99.38! 0L472286 2 sequences (MN609862-63) map to the assembled contig
SRR16552229 | P23KOR19-SW I i
Icarrottin leaf virus CTLY MH170889 | ¢ - -| 12444%| 130384] MH170889 | 9471/9490| 91.00] OL472134 | full genome assembled
~~Koper pcomarle virs KPLV] : || WNTid669 | 7380l 0oosste|  981| MN7ideeo | 515119979] 7350] 0L472204 | new species, i genoms assembes
:Koper tofivirus 3 KTV3 - - MK279493 . 0.0055% 5174| 62.51; OL472029 new species, full genome assembled
] botourmia-ike virus 1 PaBLV1 - g MN532659 | 7349| 0.0063% 2300/2339| 73491 OL472278 new species, full genome assembled
SRR16552228 1 P23PV19-PK2 | internal control !
iPhaseolus vulgaris alphaendornavirus 1 PvAEV1 NC_039217 - - -l 0.1532% 13901/13981| 99.68! - full genome assembled, not deposited (internal control)
iPhaseolus vulgaris alph 2 PVAEV2 NC_038422 - - -] 0.5200% 14417/14780] 98911 - partial genome obtained, not deposited (internal control)
{Phaseolus vulgaris alphaendornavirus 3 | PvAEV3 NC_040558 1= [ T00217% aamsﬁ 8805/ - partal genome obiained, not deposied (infernal contol)
SRR16552227 | P30Pv19-PK1 / interal control I
....Phaseolus vulgaris alphaendornavirus 1 PvAEV1 NC_039217 - - -|..0.1448% MK948542 ... full genome assembled, notdeposited (internal control)
{Phaseolus vulgaris alph PVAEV2 NC_038422 - - -| 0.4340% 392.52| MF281671 partial genome obtained, not deposited (internal control)
| Phaseolus vulg 3 PVAEV3 NC_040558 B - [ T0.0185% | 16.33] NC_040558 | 7633/15205] 67.83] - partal genome obtained, not deposieed (infernal control)
SRR16552226 | P31BER20-AT
iSouthern tomato virus STV MF422618 | 99.70 - -l 0.0017% 8.48| MF422618 3438/3438| 99.701 - full genome assembled (was not deposited;
SRR16552221 | P32STR20-AT
ipota virus Y PVY AB185833 | 96.08| | - - 5.6002% | 9230.31 3| 0688/9698| 99.47) OL472161 | full genome assembled
[ ipotato virus S PVS MH937416 | 98.74 - -] 1.3352%| 2515.60{ MH937416 8477/8485| 98.74] OL4T2247 full genome assembled
 ifomaio betanucleorhabdovirus 2 TBRV2 B - MF543022 | 67.02] _0.0064% 7.67) MF543022 | 13414/14432] 67.02] OL472129 | new species, full genome assembled
SRR16552265 | P33BOL20-AT
{tomato 2 TBRV2 - - MH323437 | 67.40| 0.2493%) 295.17| MH323437 | 13436/13546] 70.05; OL472116 new species, full genome assembled
[ i Southern fomato virus, STV MK948545 | 100.00 - -|..0.0032% 14.75] MK948545 -1 100.00; - partial genome obtained (was
SRR16552262 | P34MIR20-AT
iSouthern fomato virus STV MF422618 | 100.00 - -| 0.0042% 11.41] MF422618 -1 100.00; - partial genome obtained (was not deposited)
itomato ilarvirus 1, RNA 1 V1 - - NC_039075| 69.57| 0.0441% 212.82] NC_039075 3392/3378| 69.57] OL472057 new species, full genome assembled
fomaio iarvirus 1, RNA 2 TVA - B KY695013 | 74.03| 0.0839%| 481.15| KY695013 | 2866/2931| 74.03] OL472058 new spedies, fll genome assembled
_iomab farvirus 1, RNA3 v - - KY695014 | 67.27| 0.1392%| 104857| KY695014 2181/2296] 67.27 OL472059 species, ul genome assembled
RR16552258 | P35KOP20-AT
Southern fomato virus STV MK610257 i 99.97 - -|_0.0110% 41.24] MK610257 34143414| 9997, 0L471998 full genome assembled
jolive latentvirus 1 OLV1 MK376952 96.32 - -|..0.0027% 9.49] MK376952 -l..96.34] - full genome assembled (was possible
Erysiphe necator ourmia-like virus 82 EnOLV82 MN611610 | 96.15 - -| 0.0009% 4.90] MN611610 2627/2859| 93.19; 0L472300 full genome assembled
SRR16552254 | P36SKO20-AT
iSouthern fomato virus STV MF422618 | 100.00 - -|_0.0134% 62.18] MF422618 -1 100.00; - full genome assembled
potato virus Y. PVY 97.77: - -| 14.7054% | 24495.49] AB185833 9698/9698| 99.49] OL472158 full genome assembled
cucumber mosaic virus, RNAT MY )356___| 100.00 - -| 26547%| 12692.24] DO00356 | 3357/3357 98.90, OL472036 ull genome assembled
cucumber mosaic virus, RNA2 CMV. KC019300 - -| 5.0193% | 12010.42] KC019300 3048/3049] 96.81; OL472054 full genome assembled
cucumber mosaic virus, RNA3 CMV. AJ517802 99.14 - -| 2.6547% | 36466.12] AJ517802 2215/2216] 99.17: OL472045 full genome assembled
oma irus 2 TBRV2 - | MFsa3022 | 67.82( 1.7041%| 204029| MF543022 | 13453/14432] 67.821 OL472120 | new speces, full genome assembled
SRR16552249 | P37KOR20-AT i
potato virus Y PVY AB185833 - -| 56244%| 10169.76{ AB185833 9698/9698| 99.44: OL472151 full genome assembled
|__ipotato virus M PVM JX678982 - -| 1.8675%| 3843.19] JX678982 8523/8523| 97.02] OL472242 full genome assembled
cucumber mosaic virus, RNA1 CMV. HE962478 - -| 1.9706% | 10237.36] HE962478 3359/3358] 94.02 OL472032 full genome assembled
cucumber mosaic virus, RNA2 CMV. MG021461 - -] 1.7648% | 10088.19] MG021461 3055/3050| 96.58; OL472050 full genome assembled
cucumber mosaic virus, RNA3 cMv AJ517802 - -| 3.8745%; 30600.28] AJ517802 2216/2216] 99.07; 0LA472041 full genome assembled
|__iplantassociated tobamo-like virus 1 PaToLV1 - NC_032449 35.06| 0.0045% 11.98] NC_032449 6552/6969| 35.06: 0L472106 new species, has virga-like domains (RdRP,CP), full genome
fomato associated partit-like virus 1 TaPLV1 - - M: 2 | T71.47| 0.0007% 1494/1506] 71.17: OL472292 new species, best hithas only 41% genome covered
SRR16552245 | P38PLE20-AT {
potato virus Y PVY MN216361 98.18; - -| 41.6262% | 85069.36{ MN216361 9609/9609| 99.85; OL472154 full genome assembled
Southern fomato virus STV MK948545 - -|0.0210% 119.29] MK948545 3436/3436] 99.82] OL472006 full genome assembled
omato associated tombus-like virus 1 TaTLVi - MN609858 | 70.00] 0.0030% 16.98] MN609858 3430/3314] 70.00; OL472263 new species, full genome assembled
Erysiphe necalor associated ambiguivirus 2 EnaAV2 - MN627469 | 95.89| 0.0008% 499] MN627469 | 9589; - low read coverage, partial genome oblained (was
SRR16552287 | P39JUR20-AT |
fomato mosaic virus ToMV. MN267904 99.§g{ - -| 0.0807% 201.46] MN267904 6383/6386| 99.50: 0L472096 full genome assembled
potato virus Y. PVY - - KX184847 99.79| 0.0444% 72.91] KX184847 9719/9719] 99.79: OL472148 full genome assembled
[ Hubei picorna-like virus 36 HUPILV36 KX883970 99.06' - -l 0.0171% 27.34] KX883970 9977/9856] 99.06: OL472187 full genome assembled
SRR16552281 /| P40TUR20-AT
omato mosaic virus ToMV. MN267904 | 97.75[ -| 0.0026% 5.70{ MN267904 -l 9775 - low read coverage, partal genome obtained (was not deposited,
olive latent virus 1 OLV1 MK376952 | 96.91] - -|_0.0006% 165 MK376952 -l 9691 - low read coverage, partal genome obtained (was not deposited)
Southern omaio virus STV MK610257 | 11 00@01 B -|0.0008% 3.12| MK610257 - 10000] - low read coverage, partal genome obtained (was
|SRR16552225 | P41.1BER20-ST
potato virus Y. PVY JFO27755 97.68 - -l 4.2245% | 8824.20{ JF927755 9689/9697] 99.30: OL472146 full genome assembled
fomato mosaic virus ToMV. MN267904 ¢ 99.50 - -|..0.0035% 10.98] MN267904 6383/6383| 99.40: 0L472093 full genome assembled
Southern maid virus STV B - T0.0092%| " 53.70| KT438549 63| 99.36] OL4 Uil genome assembled
cucumber mosaic virus, RNA1 CMV - -| 29.3895% | 177136.45{ DO00356 0L472031 full genome assembled
cucumber mosaic virus, RNA2 CMV. - -| 20.9980% | 139195.19} D00355 8] 99.08] 0L472049 full genome assembled
cucumber mosaic virus, RNA3 CMV. AJ517802 - -| 24.1833% | 220717.27{ AJ517802 22152216{ 99.64! OL472040 full genome assembled
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a : Best hit from Best hit from Remapping reads to final consensus genome sequence’ |Ngc| GenBank
E Virus name Unigue virus | BEASTH analysis” of BLASTn analysis” of and final BLASTn analysis for verification? accession
=3 (or enaive name for new species thatare in d . mapping consensus’ (OR | assembled contig* | Fracionof | Aerage Best hit in BLASTn? number of Remarks / Notes
yellow highlight; genome segmentname is s ) reconstructed
g indicaed i presen) GenBank | Percent GenBank | Percent | reads” | mapping | GenBank Genome | Percent |
3 accession no. | idenity accessionro, | identiy | mapped | deph | accessionno. | covered® | identty | Viralgenome
SRR16552223 | P41.2BER20-ST
T potaio virus Y PVY AB185633 | 96.16) | - | 05191%| 101295 AB185633 | 9667/9698| 99.01) OL472147 | ful genome assembled
| potaio virus M PVM IX6789 - - 0.4948% 67t ull genome assembled
omato mosaic virus. ToMV MN267¢ - -| 31.4357% .40{ 0L472094 full genome assembled
SRR16552222 | P42BER20-SW
itomato mosaic virus ToMV MN267904 | 99.44] - -| 19.2552% | 21122.12] MN267904 6381/6383 99.44] 0L472095 full genome assembled
iated fombus- ke virus 2 PaTLV2 - - MT317175 | 76.36| 0.0099%| 4143 MT317175 | 3297/3360] 76.36| OL472269 | new species, ull genome assembled
SRR16552268 | P43.1STR20-ST
Southern fomato virus STV. MK610257 | 100.00] - -|_0.0099% 52.82] MK610257 3413/34141 100.00] OL471996 full genome assembled
potato virus Y. PVY KY847961 99,68, - -| 12.6303% | 24095.87; KY847961 9628/9630] 99.68] 0L472162 full genome assembled
;fomato bushy stunt virus TBSV M21958 94.97; - -|0.0094% 36.06] M21958 4778/4776] 95.61] OL472162 full genome assembled
tomaio alphanucleorhabdovirus 1 TARV1 - -] KC905081 75.20{ 7.0251%| 9626.99] KC905081 13406/13154;  75.20{ OL472234 new species, full genome assembled
[ iom a virus TMaV MKS17476_| 9975 | - | T0.0054% | 1154] MK517476 | 86538653 99.79| OL4T2174
SRR16552267 | P43.2STR20-ST
Southern tomato virus STV KT852573 - -l 0.0160% 70.06{ KT852573 3438/34381  99.82] 0L472004 full genome assembled
eggplant motle dwarf virus EMDV LN680656 - -1 14.9232% | 17362.84; LN680656 13097/13100; 94.63] OL472111 full genome assembled
|__ipotato virus Y PVY JF927760 - -] 6.2712%| 9857.20; JF927760 9690/9697] 99.45] 0L472163 full genome assembled
|__ipotato virus S PVS MH937416 - -l 0.3527% 633.50; MH937416 8485/8485; 0L472249 full genome assembled
omaio mafida virus TMaV MK517476 - -i0.0158% 27.81] MK517476 8653/8653] 99.78{ OL472178 full genome assembled
Leveillula faurica-associated noda-like virus 1 LiaNLV1 - MN609862 99.38] 0.0057% 19.47] MN609862 4483/4289; 99.38] 0L472287 2 sequences (MN609862-63) map to the assembled contig
|_iwal WMV MN914158 - - 14.5047% | 119818.52] MN914158 | 10040/10040] 99.47| OL472139 full genome assembled
peanut stunt virus, RNA1 PSV LC380687 - -| 14.1287% 57575.88; LC380687 3347/3354; 97.10] 0L472066 full genome assembled
virus, RNA2 PSV LC380688 - -1 10.4424% | 48511 ,80¢ LC380688 2940/1943¢ 97.15] OL472067 full genome assembled
| ipeanutstuntvirus, RNA3 PSV LC380680 - -1 22.2985% | 139685.41; LC380680 2185/2185; 98.81] 0L472068 full genome assembled
broad bean wiltvirus 1, RNAT BBW1 MN216350 . - - 0.0275% 65.29: MN216350 5766/5771 0L472175 full genome assembled
broad bean witvirus 1, RNA2 BBWI1 MN216379 | 88.91] - -{0.0227% 92.84; MN216379 3341/3303] 88.67| 0L472176 full genome assembled
SRR16552264 | P45BOL20-ST |
Southern formalo virus STV MF422618_! 100.00; - -| 00275% | 134.33] MF422618 | 3415/3438] 100.00{ OL472007 | fullgenome assembled
lomato associaled alphaendornavirus 1 TaAEV1 - - MHO094752 | 75.83] 0.0108% 15.64; MHO094752 ; 11692/11683] 75.83] OL472079 new species, full genome assembled
Erysiphales associated ofivirus 24 EaTV24 MN628271 | 99.74] - -{0.0047% 14.76; MN628271 5400/5400i 99.76] 0L472028 full genome assembled
|SRR16552263 | P46BOL20-SW
ipla polerovirus 1 PaPoV1 - || KTeeeo49 | 7487 00042%| 11411 KT868949 | 6025/6017 74.35| OL472216 | new species, il genome assembled
| iPicris umbravirus 1 PicUV1 - - KT946712 79.97) 0.0904% 337.69] KT946712 441 |/41i@% 79.97{ OL472231 new species, full genome assembled
Convolvulus aureusvirus 1 ConAV1 - - MG967280 | 76.28{ 0.0299% 7322 MGY67280 4448/4512] 76.28| 0L472230 new species, full genome assembled
ichori CicAV1 - - HQB77625 | 71.27| 34.2071% 14365586 HQ677625 | 3866/3965| 71.27| OL472222 | new species, ull genome assembled
Prunus virus |, RNA1 PrvI - -] MW579753 97.49! 0.0258% 1213,0647 MW579753 3444/3470‘ 97.49| OL472063 full genome assembled
Prunus virus |, RNA2 PrvI - - MW579754 | 97. 25_[ 0.0416% 156.76; MW579754 2047/2876; 97.95! OL472064 full genome assembled
Prunus virus |, RNA3 Py - - MW579755 | 9511 0.0299% 436.64: MW579755 2222122491 95.11] OL472085 full genome assembled
Picris irus 1 PBRV1 - R BK014301 67.93] 0.0112% 12.02{ BK014301 15193/13719} 67.93] 0L472130 new species, full genome assembled
Picris 1, L segment PICRV1 - -] MT952336 72.33]  0.0434% 110.00! MT952336 6548/ -1 72.33] 0L472127 new species, putaively bisegmented, best hit covered only 2% of genome
Picris 1, N segment PiCRV1 - - CP048848 | 80.00{ 0.0345% 156.95! CP048848 3622/~ 80.00{ OL472128 new species, putaiively bisegmented, best hit covered only 1% of genome.
crinivirus 1, RNAT PaCrV1 - - MWB92835 | 70.88| 0.0228%| 5811/ MWB92835 | 7823/8637) 70.88| OL472073 | new species, ull genome assembled
|__iplantassociated crinivirus 1, RNA2 PaCrvi - - KT069221 73.99] 0.0516% 120.07; KT069221 7876/8210; 73.99] OL472074 new species, full genome assembled
plant associated deltaparivirus 5, RNA1 PaDPV5 - - MW546937 | 76.03] 0.0100% 52.35] MW546937 1499/1583 0L472021 new species, full genome assembled
plant associated irus 5, RNA2 PaDPV5 - - MW546938 | 66.34] MW546938 1503/1459! 66.34! OL472022 new species, full genome assembled
SRR16552260 | P4TMIR20-ST |
{Southern tomato virus STV MF422618 ; 100.00 - -1 0.0135% 64.14! MF422618 3438/3438! 100.00{ OL471999 full genome assembled
: -
i potao virus Y VY KX184817 | 9955 - -| 57688%| 9848.89] KX184817 - 99.55] - reconsiruclon of consensus genome ot possible due b presence of
more than one viral strain
{omatp associated bunya-like virus 1, segment L. TaBLV1 - -] ATP79731 30.13] 0.0144% 18.79; ATP79731 7864/8911 ﬂ 30.131 0L471976 no good hitin BLASTn, shown here is best hitin BLASTx
{iomatp associated bunya-like virus 1, segmentM TaBLV1 - - (QNT38480 23.861 (QNT38480 4910/4955! 23.86! OL471977 no good hitin BLASTn, shown here is besthitin BLASTx
SRR16552259 | P48MIR20-SW
Soybean dwarfvirus ShDV. JIN674402 94.85 - -1 0.0661% 168.46! JN6744 2 94.57| 0L472235 full genome assembled
Aremesia fimovirus 1, RNA1 Artv1 - o BBM96177 | 4501} 0.0361% 42.98! BBM! 10 45.01] 0L471978 new species, BLASTx hits to RNA1 of Perilla mosaic virus are shown
Artemesia fimovirus 1, RNA2 ArtvVi - - BBM96178 | 3252 BBM96178 2057/2092] 32.52| OL471979 new species, BLASTx hits to RNA2 of Perila mosaic virus are shown
Artemesia fimovirus 1, RNA3 Artv1 - - BBM96179 39.56/ BBM96179 1088/1080; 39.56{ OL471980 new species, BLASTx hits to RNA3 of Perilla mosaic virus are shown
Artemesia fimovirus 1, RNA4. ArtVi - - BBM96181 | 45.38] BBM96181 1325/1294; 45.38! OL471981 new species, BLASTx hits to RNA4 of Perila mosaic virus are shown
Artemesia fimovirus 1, RNAS Artv1 - - BBM96182 36.31 BBM96182 902/1066: 36.31] 0L471982 new species, BLASTx hits to RNAS of Perilla mosaic virus are shown
plantassociated 2 PaCIV2 - - MH460557 | 67.04] 0.7318% 663.59] MH460557 | 16522/17313] 67.43] OL472075 new species, full genome assembled
Sanxia ombus-like virus 7 STLVT KX883177 90.40; - - 0.0029% 943 KX883177 4558/4557, 90.57{ 0L472301 full genome assembled
Erysiphe necator ourmia-like virus 82 EnOLV82 MN611610 93.19; - -1 0.0004% 3.37; MN811610 - 93.19f - partal genome obtained (was not deposited
SRR16552257 | P49KOP20-ST
olive latent virus 1 OoLv1 MK376952 | 96.95| - -| 00167% 85.19: MK376952 3669/3669; 96.95| 0L472229 full genome assembled
| Hobacco necrosis virus A TNVA KX906928 | 96.68! - -| 0.0097% | 4967] KX906928 | 3686/3686] 9043 - full genome recomoinant (was
SRR16552256 | PS0.1KOP20-SW
|___{Ranunculus white motfe ophiovirus, RNA1 RWMV. - - NC_043389 | 90.90{ 0.0065% 9.58] NC_043389 7677/4018] 90.90{ OL472203 frst full sequence of genome segment assembled
Ranunculus white motfe ophiovirus, RNA2 RWMV. - - AF355430 AF355430 1839/263 0L472204 firstfull sequence of genome segment assembled
whil motle ophiovirus, RNA3 RWMV B | [TAvse2es7 | o263 AY542957 | 1476/1063) 91.88 OL472205 | irstiull sequence of genome
white motie ophiovirus, RNA4 RWMV. - - KY769704 71.10} 769704 131511315;  71.10] OL472206 first ull sequence of genome
Mercurialis orthotospovirus 1, L segment MerV1 - - IN560178 7247) 9.9625%| 10050.06{ JN560178 9055/8877{ 7247! OL471964 new species, ull genome assembled
iMercurial 1, M segment MerV1 - - JIN560177 7061 JIN560177 4714/47861 70.61] OL471965 new species, full genome assembled
iali irus 1, S segment MerV1 - R AY686718 65.93 AY686718 3407/2734] 65.93] 0L471966 new species, full genome assembled
iLa Jolia virus Lv - -] KP714073 98.69] 0.0153% 26.75! KP714073 | 10253/9722! 98.69! OL472185 full genome assembled
{Erysiphe necator associated sSRNA virus 9 EnaSRV9 - - MN627473 | 89.93] 0.0012% 624! MN627473 3456/3506! 89.93| OL472272 full genome assembled, possibly a divergent strain
iKoper noda-like virus 1 KNLV - - MW648508 | 67.24] 0.0091% 51.98] MWB48508 3147/3147] 67.24] 0L472282 new species, only 37% of genome covered by besthit
Koper noda-like virus 2 KNLV2 - - MT482496 | 69.61] 0.0019% 10.31] MT482496 3195/3195] 69.61| 0L472288 new species, only 16% of genome covered by best it
Koper node- ke virus 3 KNLV3 - - MK533155 | 64.75| 0.0039%| _ 2017| MK533155 | _3482/3482] 64.75| OL472289 | new species, only 65% of genome covered by besthi.
Koper noda-like virus 4 KNLV4 - - KX883237 68.24] 0.0037% 19.02] KX883237 3455/3459‘ 68.24] OL472290 new species, only 4% of genome covered by besthit
|__iplantassociated fombus-like virus 1 PaTLV1 - - MT317175 | 76.36] 0.0017% 8971 MT317175 3297/33601 76.36] OL472268 new species, full genome assembled
plant associated virga-like virus 2 PaVLV2 - - QED42936 | 31.15| 0.0012% 6.091 QED42936 3561/-1 31.15] OL472276 new species, has virga-like domains, BLASTX hitis shown
7 fivirus 2, RNAT PaDPV2 - - MH898486 | 66.77| 0.0288%| 17196 MHB98486 | 1566/1590( 66.77| OL472013 | new species, ull genome assembled
plant associated deltapartfvirus 2, RNA2 PaDPV2 - - MT159330 64.10] I MT159330 1443/1410 64.10] 0L472014 new species, full genome assembled
SRR16552256 | P50.2KOP20-SW | {
lettuce mosaic virus LMV - - KJ161185 92.65| 2.3264% 3899.38] KJ161185 10065/10065] 92.65| 0L472136 full genome assembled
Koper bivirus 1 KTV . |1 MN428836 | 69.00] 0.0171%| 4851, MN428836 | 52404999 69.00] OL472026 | new spedies, il genome assembled
Koper ivirus 2 KTV2 - || Kxgs2939 | 70.49] 0.0145 51.05] KX882939 | 4794/4958| 7049| OL472027 | new species, fll genome assembled
|__iplantassociated caulimovirus 1 PaCaVi - - MH898523 | 68.12] 2229% | 3882.70i MH898523 9644/8026] 68.12] 0L472131 new species, full genome assembled
plant associated soymovirus 1 PaSoV1 - - X15828 68.91] 0.4420% 779.22i X15828 9571/8178 68.91] 0L472132 new species, full genome assembled
Calysegia irus 1 CaPVi B | [ MH231181 | 68.89] 0.0741%| 30557| MH231181 | 3950/3867 68.89| OL472225 | new spedies, il genome assembled
iated botourmia-lie virus 2 PaBLV2 - - MN611580 | 70.17| 0.0026%|  17.47| NNG11580 | 2227/2257) 70.17| OL472279 | new species, ull genome assembled
|__iCalystegia geminivirus 1, partal genome CGV1 - - AF224760 73.85| 0.0003% 4.47] AF224760 1208/2632] 73.85| OL472025 new species, partial DNA-A (rep-encoding) genome assembled
" plantassodiaied viroid-ike circular RNA 3 PaVCR3 ot applcable |1 ot appicatle -] 0.0025% | 7329 ot applcable 580/ - - 0L472259 | viroicike circular RNA (putatve new viroid species)
|SRR16552253 | P51.1SK020-ST |
iSouthern fomato virus STV MF422618 | 100.00] - -l _00107% 63.04] MF422618 3438/34381 100.00] OL472001 full genome assembled
|__ipotato virus Y PVY MN216357 | 99.05| - -| _2.3761% 5040.00i MN216357 9525/9649; 0L472159 full genome assembled
potab virus S PVS VH937416 | 9862 | - < 1.7858%| 430663 MH937416 | 848506485 98.62] OL472248 | full genome assembled
cucumber mosaic virus, RNAT cMV D00356 99.40 - - 85781% | 52! 33.075;7 D00356 | 3357/3357) 98.89| OL472037 | full genome assembled
|___icucumber mosaic virus, RNA2 CMV HE793684 | 99.14 - -| 42257%| 28138.61] HE793684 3048/3050] 98.85{ OL472055 full genome assembled
cucumber mosaic virus, RNA3 CMV. AJ517802 98,60, - -| 22.0708% | 204713.16] AJ517802 2203/2216 0L472046 full genome assembled
omelb vilvirus 1 TomV1 - || "NC_o43088| 27331%| 741850] MT454065 | 75017565 70.28| OL472239 | new spedies, ll genome assembled
fomaio irus 2 TBRV2 - - MF543022 67.14]  0.0107% 523.78] MF543022 13423/14432 67.14! 0L472114 new species, ull genome assembled
SRR16552252 | P51.25K020-ST |
iSouthern fomato virus STV MF422618 - -| 0.0209% 118.46 MF422618 3438/34381 100.00] OL471993 full genome assembled
potato virus Y. PVY AB185833 - -|_.6.9756% | 14070.72] AB185833 9699/9698] 96.78] 0L472160 full genome assembled
lomato aspermy virus, RNAT TAV LC380669 - - 12:2690% | 70: 7;275%7 1380669 3412/3414]99.41| OL472069 | full genome assembled
;lomato aspermy virus, RNA2 TAV KF432414 - -| 8.5030%| 53640.10; KF432414 3070/3096] 99.29{ 0L472070 full genome assembled
tomato aspermy virus, RNA3 TAV AJ277268 - -| 11.6600% | 95556.45] AJ277268 2385/2386 0L472071 full genome assembled
cucumber mosaic virus, RNA1 CMV. D00356 - -| 2.5361% 1468151 D00356 3357/3357; 96.65| OL472038 full genome assembled
cucumber mosaic virus, RNA2 CMV. KC019300 - -|1.8205% 11652.00i KC019300 3007/3049] 96.85] 0L472056 full genome assembled
cucumber mosaic virus, RNA3 CMV AJ517802 - -l 3.8116% | 33588.51i AJ517802 2201/2216; 99.18] 0L472047 full genome assembled
|__iHenbane mosaic virus HMV MH779472 - -| 07538% 1456.09: MH779472 i 10155/10127; 99.06] OL472138 full genome assembled
|_;tomato vifvirus 1 TomV1 - NC_043088 | 7279 0.7931% | 2027.14i NC_043088 7501/7565] 72.79] OL472241 new species, full genome assembled
omaio 2 TBRV2 - MF543022 67.02] 1.0702%| 1555.31] MF543022 13453/14432;  67.02{ OL472113 new species, ull genome assembled
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Supplementary Table 5. (continued rows).

a , Best hit from Best hit from Remapping reads to final consensus genome sequence* |Ngc GenBank
z Virus name Uniquevi BLASTn analysis’of | | BLASTn analysis’ of and final BLASTn analysis for verification® accession
8 (or tentative name for new species hatare in MAUEVITUS 1 ing consensus?|OR | assembled contig* | Factnal | iti 2
] iati verage Best hit in BLASTn number of Remarks / Notes
= yellow highlight; genome is s ) T reconstructed
5 indicaled ifpresen) GenBank | Percent GenBank | Percent | reads’ mappng | GenBark | Genome | Percent | |
(7] accession no. | identty accession no. | identty | mapped deph | accessionno. | covered® | identty | VIral genome
SRR16552251 /| P52SK020-SW
potato virus Y PVY AJB90347 97.97] - -i 2.3643%| 3946.54 AJ890347 9677/9701 99.18] 0L472165 full genome assembled
lettuce mosaic virus MV - - KJ161185 85.25! 1.1995%| 1924.08] KJ161185 10079/10085] 85.25| OL472137 full genome assembled, divergent strain
__|Picris irus 1 PBRV1 - - 0U015520 | 67.04: 0.0573% 61.09; OU015520 | 15193/13719] 67.04| OL472117 new species, full genome assembled
plantassociated defapartivirus 3, RNAT PaDPV3 - |1 NC_040483] 6835 0.0060%|  30.08] NC_040483 68.35] 0L472015 | new spedies, fll genome assembled
plant associated ftivirus 3, RNA2 PaDPV3 - - MT159292 | 73.20! MT159292 1418} 73.20| OL472016 new species, full genome assembled
PaDPV4 - - MW546937 | 75.79! 0.0014% 759| MW546937 |  1499/1583| 75.79| OL4T2017 new species, ull genome assembled
.| plantassociated delapartiviru PaDPV4 - - MW546938 | 6749 MWS4693¢ 1468/1459| 67, 491 0L472018 | _new spedes, ull genome assembled
SRR16552248 | P53.1KOR20-ST
__Ipotato virus Y PVY. AB185833 - -i 4.6472%| 8651.54] AB185833 9698/9698| 99.38| OL472152 il genome assembled
__Ipotao virus M PYM JX678982 - -i0.0082% 17.46] JX678982 8523/8523 0L472243 Il genome assembled
fomato mosaic virus ToMV MN267904 - i 0.0243% 68.07] MN267904 6383/6383 0L472102 il genome assembled
cucumber mosaic virus, RNAT cMV. HE793684 - - 73644%| 3046102] HE793664 | 335013360 98.54[ OL472033 Il genome assembled
cucumber mosaic virus, RNA2 CMv HF572915 - -i 5.8783%| 34691.12] HF572915 3046/3046{ 97.93| OL472051 full genome assembled
__|cucumber mosaic virus, RNA3 CMV AJ517802 - -1 15.8069% | 129494.19; AJ517802 2201/2216{ 98.51| OL472042 full genome assembled
plant associated tobamo-like virus 1 PaToLV1 - - NC_032449 | 35.06; 0.0050% 13.68]_NC_032449 6552/6969! 35.06| OL472107 new species, has virga-like domains (RARP, CP), full genome
SRR16552247 | P53.2KOR20-ST
potao virus Y PVY AB185833 | 96.11 - -| 38621%| 6080.61) AB185833 | 9698/9698] 99.46| OL472153 | full genome assembled
potaid virus M PVM JX678982 - -1 5.1725% | 9268.55| JX678982 | 8623/8523| 97.19| OLA72245 | ful genome assembled
cucumber mosaic virus, RNAT cMV D00356__| - -1 4.0621%| 18381.11) DO0356 | 3358/3357| 92.10| OL472034 | full genome assembled
_|cucumber mosaic virus, RNA2 oMV DOO: - - 17048%| 8470.45] D00355 0 0L472052 |l genome assembled
cucumber mosaic virus, RNA3 CMV. AJ517802 - -1 3.4026%| 23276.95] AJ517802 211/2216] 91.70| OL472043 full genome assembled
omato associated pariit-like virus 1 TaPLV1 - - MZ443622 | 71.17; 0.0007% 7.38] Mz443622 | 1496/1506] 71.17| OL472293 new species, best hithas only 41% genome covered
plantassocialed bamo-lie virus 1 PaToLV1 - | T NC032449| 3506 00067%| 1556 NC 032449 0L472108__| new species, has virga-ike domains (RARP, CP), full genome
SRR16552246 | P54KOR20-SW i
beet yellows virus BYV AF190581 - - 31004%| 340777, AF190581 full genome assembled
carrot thin leaf virus CTLV. MH170889 - - 03981% 710.56; MH170889 full genome assembled
__|Pastnaca umbravirus 1 PasUV1 - - LC434065_| 78331 0.0147% 57.04] LCA434065 new species, full genome assembled
Calysegia irus 1 CalPVi - [T NH231181 | 6949 0.5793%| 2 MH231181_ | 4006/3867| 69.49| OL47222¢ new spedies, ull genome assembled
plant associaled waikavirus 2 Palv2 - [T KT238881 | 69.00 0.1458%| 21332 K1238881 | 11512/11649] 69.00] OL472179 | new spedies, ul genome assembled
sequivirus 1 PasV1 - - NC_038320 | 6827, 0.1177%| __100.09 8320 0L472180 new spedies, ull genome assembled
Menta irus 1 Menhivi - - KP40S232_| 67441 30165%| 619999 KP405232 _ oLa72141 new spedies, ull genome assembled
__|Cirsium cytorhabdovirus 1 CCRV1 - - KYO075646 | 69.04] 0.0139% 22.26 KY075646 0L472122 new species, full genome assembled
plant associated viroid-like circular RNA 4 PaVCR4 ot applicable - notapplicable | 00175%| 108150 notapplcable 01472260 Viroid-like circular RNA (putative new viroid species)
-like associated RNA 1 PTaR1 - - MF136436 | 77.44: 0.0180%) 103.15] MF136436 0L472296 new species, full genome assembled
-like associated RNA 2 PTaR2 - - KXg83211 | 79.07; 00031%| _ 2058 KX883211_| 2505/5082] 79.07| OL472295 new spedies, only 3% of genome covered by besthit
__Iplanttombusvirus-like associated RNA 3 PTaR3 - - MF136436 | 72.04; 0.0173% 116.79 MF136436 2515/1867 72.04| OL472299 new species, full genome assembled
SRR16552291 / P55.1PLE20-ST
" Ipomio virus Y PVY MN216361 - - 09470%| 2012.44] MN216361 | 96099609 2| OL472155__ | full genome assembled

Southern fomato virus. STV, MK948545
cucumber mosaic virus, RNA1 CMV. D00356
cucumber mosaic virus, RNA2 CMv AJ517801

- -1 00024% | 14.32] MK948545 |  3436/3436
- -1 96260%| 58233.96| D00356 3361/3357|

- -i T.6703%| 51002.24] AJ517801 3055/3052]

OL471997 | il genome assembled
0L472035 | full genome assembled
0L472053 | fullgenome assembled

. |cucumber mosaic virus, RNA3 CMV AJ517802 - -1 18.7449% | 172075.53] AJ517802 2217/2216 0L472044 full genome assembled
SRR16552290 | PS5.2PLE20-ST . e

Soutern tomaio virus STV KT852573 - - 0.0441%| 21541] K1852573 3438/3438| 99.97| OL472005 | il genome assembled

potalo virus Y PV DQO0213 - - 54331%| 9517.27] DQO0B213 | 9666/9666] 99.63| OL472156 | full genome assembled

tomaio spotied wilt virus, segment L TSW. KP008130 - -1 0.5646%| 1074.24] KP008130 8913/8914|  97.98| OL471946 full genome assembled

tomato spotied wilt virus, segment M TSW KU179608 - -i 0.5083%| 1805.31; KU179608 4766/4767] 98.38| 0L471947 full genome assembled

tomato spotied wilt virus, segment S TSW DQ376178 - -i 0.4960% | 2864.77. DQ376178 2929/2927] 99.62| OL471948 full genome assembled

Physoskgia chiorotc motte alph i PhCMoV - -| MKo48541 | 99.00} 23.1530% | 29434.37, MK948541 | 13303113320] 96.35| OL472115__ | full genome assembled
" [Ranunculus whie motle ophiovirus, RNAT RWMV - | NC_043389| 9124} 3.0891%| 4266.95] NC_043389 | 7622/4018] 0L472195 | frstiull sequence ofgenome segment assembled

Ranunculus white motte ophiovirus, RNAZ RWMV - | [TAF335430 | 88.00 "AF335430 1787/263]_88.17| OL472196 | _frstfull sequence of genome segmentassembled

Ranunculus white motte ophiovirus, RNA3 RWMV - -1 AY542057 | 9233 AY542957 | 1486/1063| 92.33| OL472197 st full sequence of genome

Ranunculus white motie ophiovirus, RNA4 RWMV - -| KY769704 70.85. KY769704 1324/1381] 71.85| OL472198 firstfull sequence of genome segment assembled o
SRi 89 | P55.3PLE20-ST |
" |soutern tomato virus STV KT852573 | 99.97| 1 - -1 0.0040% | 434.68] K1852573 3437/3438|99.97 0L471994 il genome asserbled
" |poio virus Y PVY MN216361 | 98.05| | - - 17.1494% | 28313.32] MN216361 | 9666/9666] 98.93| OL472157 Il genome asserbled

potalo virus M PVM EU604672 | 9355 | - -1 26925%| 5039.69] EU04672 | 852308523] 93.55| OL472244 Il genome asserbled

tomao spotied wilt virus, segment L. TSW. KP008130 97.98; - -i 6.4013%| 11486.88] KP008130 8913/8914] 97.98] 0L471949 ll genome assembled

tomato spotied wilt virus, segment M Tsw KU179608 96.39] - =i 4.1578%| 13938.59; KU179608 | 4766/4767 96.39’ 0L471950 full genome assembled

fomato spotied wilt virus, segment S TSW DQ376178 99.04] - - 4.1320%| 22488.38; DQ376178 2927/2927] 99.62| OL471951 full genome assembled
SRR16552288 | PS6PLE20-SW
| Aphis glycines virus 1 AGV1 - - KM015260 | 97.30; 0.0076%| 1131/ KMO15260 | 8986/8680] 98.97| OL472191 | full genome assembled

Rumex potyvirus 1 RumPVi - | ITNK778804 | 71.15| 3.703%| 5105.66] MK778804 | 10368110068 71.15| OL472144 | new species, ull genome assembled

Taraxacum 1 TBRV1 - | 0U015520 | 66.38) 53.93] OU015520 | 13736/14421| 66.38| OL472118 new species, full genome assembled

T 1 TCRV1 - -| KM817650 65.25! 0.0125% 12.09] KM817650 13781/13490] 65.25| OL472125 new species, full genome assembled

plant associated sequivirus 2 Pasv2 - -] MT559284 76.281 0.4589% 614.67] MT559284 76.28| 0L472182 new species, full genome assembled
__|plantassociated sequivirus 3 PasV3 - | [ MT559283 | 7559] 0.4012%| _523.38] MT559283_ _75.59| OL472184__| new species, ull genome assembled
SRR16552285 | P57.1JUR20-ST

potaio virus Y PVY MN216361 | 9826 | - - 02516%| 40250] MN216361 | 960919609) 99.63| OL472149 | fullgenome assembled

fomaio mosaic virus ToMV MN267904 99.5?[ - -; 85.9657% | 206944.041 MN267904 6383/6386]  99.50| OL472097 full genome assembled
SRR16552284 | P57.2JUR20-ST

Southern tomato virus STV LC487710 99.88; - -i 0.0212% 124.39] LC487710 3438/3438] 99.88| OL471995 full genome assembled

[potalo virus Y PVY JF927751 | 9950 | - - 0.6062% | _1270.24] JF927751 9697/9697| 99.45| OL472150 |l genome assembled

fomalo mosaic virus ToMV MN267904 | 9950 | - -1790.9592% | 289236.20]MN267904 [99.50] 0L472098 | il genome assembled
SRR16552283 | P58.1JUR20-SW

Toomaio mosaic virus ToMV MN267904 | 99.50 - - 1.6374%) 3263.75| MN267904 6370/6383|  99.50| 0L472099 full genome assembled

| ifarvirus 1, RNAT Snivi MN216370_| 9660 - -1 57116%| 2057399] MN216370 | 3521/3445 7967.601 0L472060 full genome assembled

[Sol iarvirus 1, RNA2 [ MN216373 | 9673 - -l 1.6923% | 7551.14] MN216373 284212757|  96.73| OL472061 ful genome assembled

Solant iarvirus 1, RNA3 Snivi NIN216376 | 98.02 1 - - '8.9289% | 49833.00] MN216376 | 2277/2242) 98.02| OL472062 | fuilgenome assembled

plantassociated defapartivirus 6, RNAT PaDPV6 - |1 KXG25268 | 8390] 0.1732%| 707.56 KX525268 1593/1586] 83.90| OL472023 | new species, ul genome assembled

plantassocialed ivirus 6, RNAZ PaDPV6 - | Kva23704 | 72.36] KY923704 1512/1525] 72.36] OL472024 | new species, ul genome assembled

Novo Mesio dicisrovirus 1 NMDV1 - - KX884398 67.63;  0.0585% 74.11] KX884398 10055/9785] 67.63| OL472188 new species, full genome assembled

plant associated viroid-like circular RNA 3 PaVCR3 not applicable -] not applicable - 0.0135% 352.00{ not applicable 580/ - -| 0L472262 viroid-like circular RNA (putative new viroid species)
SRR16552282 | P58.2JUR20-SW

fomal mosaic virus ToMV MN267904_| 9901 - - 00045%] o 26 6345/6383]_99.01| 0L472100__|_fll genome assembled

i irus 1 PaAEV1 - - LC500285 | 65.45; 0.0983% 77.77) LC500285 | 14528/14878| 65.45 OL472078 new species, full genome assembled

Cich irus 1 CicAV1 - - HQ677625 | 71.22! 0.0038% 1300/ HQB77625 | 3895/3956] 71.22| OL472223 new species, full genome assembled

Novo Mesto dicistovirus 2 NMDV2 - -] MT745591 80.821 0.0422% 4376 new species, but only 45% genome covered by best hit
| lantassociated viroid-fke circular RNA 3 PaVCR3 ot appicatle -1 oot appicae -1 0.0016% | 4345] 61| viroid-ike circular RNA (puaive new viroid species)
SRR 280 | P59.1TUR20-ST | |
" Isouthern tomato virus STV MF422618 - - 01741%|  824.26] MF422618 3438/3438 100.00| OL472003 full genome assembled

]tormb mosaic virus ToMV MN267904 - -1..0.0120% 30621 MN267904 6345/6383| 99.01| OL472103 full genome assembled

fomato spotied wilt virus, segmentL TSW KP008130 - - 9.3851%| 1724041] KP00B130 8913/8914| 97.99| 0L471952 il genome asserbled

fomalo spoted wit virus, segmentM TSW KU179608 - - 7.7732%| 2669740] KU179608 | 4766/4767| 98.32| OL471953 Il genome asserbled

fomalb spoted wit virus, segmentS TSW DQ376178 - - 6.1946% | 34624.29] DQ3T6178 | 2926/2027) 99.56| OL471954 Il genome asserbled
lHubelpimrna~\lkev\ru536 HuPILV36 - - KX883970 99.22;  0.1305% 214.72] KX883970 9951/9856{ 99.22| OL472186 il genome assembled

]Novo Mesto picornavirus 1 NMPV1 - -| MH614316 71.28:  0.0210% 33.59; MH614316 10189/-1 71.28| OL472193 new species, only 10% of the genome
SRR16552279 | P59.2TUR20-ST

Soutern tomalo virus STV MF422618 | 100.00[ | - -1 0.1646% |  824.26] MF422618 | 3438/3438 100.00[ OL472000 | fullgenome assemble

fomal mosaic virus ToMV NIN267904 | 9943 | - - 0.0067%| __18.05] MN267904 | 6383/6383] 99.43| OL472104 Il genome asserble

Physosiegia chiorotc mofi PhCMoV/ - | TTKKe36164 | 96.42| 41.9384% | 54539.21) KX636164 | 13313113320 OL472124 Il genome assemble

omato spoted wit virus, segment L TSW D10066__| 100.00 | - - 27554% | _535546] D10066 8813/8897| 97.99| OL471955 Il genome assemble

|tomato spoted wiltvirus, segmentM TSW. KU179608 | 96.27 - - 3.0355%| 11030.08] KU179608 | 4766/4767| 98.41| OL471956 Il genorme assembled

fomato spotied wilt virus, segment S TSW DQ376178 98.91 - - 2.2612%| 13373.55] DQ376178 2925/2927] 99.52| OL471957 full genome assembled
SRR16552278 | PS9.3TUR20-ST

Soutern tomaio virus STV MF422618 | 100.00 | - - 0.0598%| 35949] MF422618 | 3438/3438] 100.00| OL472002 Il genome asserbled

potalo virus Y PVY - || AB185833 | 9847, 9.2000%| 1949554 AB185833 9726/9698| _98.47| OL472164 Il genome asserbled, NTN stain

Physoskegia chiorotic mofi PhCMoV. - | KX636164_| 9648 43.8871%| 68474.03] KX636164 | 13313113320] 96.49] OL472110 Il genome asserbled

fomato spoted wilt virus, segmentL TSW KP008130 | 97.98 - -1 1.9117%]| 4459.18 KP008130 8913/8914 79;98479;4719515 Il genorme assembled

fomato spoted wilt virus, segmentM TSW KU179608 | 96.16 - -i 1.5082%| 6575.65] KU179608 | 4766/4767| 98.41| OL471959 ful genome assembled

fomalo spoted wiltvirus, segmentS TSW DQ376178 | 9887 | - - 1.4441%| 10244.53] DQ376178 | 2926/2627) 99.49| OL471960 | fullgenome assembled
SRR16552277 | PGOTUR20-SW

whie Gover mosaic virus WCMV NIN399741 | 9637| | - - 00049% | 1227] MN399741_| 5774/5774] 96.39| OL472250 | fullgenome assembled

fomal spoted wit virus, segmentL TS KP008130 | o798 | - < 1:3634% | 2204.07] KPO0B130 8913/8914] 97.99| OL471961 | il genome assembled

fomato spoted wilt virus, segment M TSW. KU179608 | 96.37 - -] 0.7429%| 2235.94] KU179608 | 4766/4767| 98.41| OL471962 full genome assembled

tomato spotied wilt virus, segment S TSW DQ376178 98.94; - -i..1.5398%| 754049 DQ376178 2925/2927 QE)LSZL 0L471963 full genome assembled
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Supplementary Table 5. (continued rows).

a : Best hit from Best hit from Remapping reads to final consensus genome sequence* |NBc| GenBank
5 Virus name Unique virus BLASTn analysis’ of BLASTn analysis® of and final BLASTn analysis for verification” accession
& (or teniive name or new species hatare i e TS | ping consensus®|OR | assembled contig? | Fcknd | Averge Best hit in BLASTn’ number of Remarks / Notes
= yellow highlight; genome segment name is s reconstructed
= ndicaled ifpresen) GenBank | Percent GenBark | Percent| reads” | mapping | GenBank Genome | Percent | "¢
% accession no, | identty accessionno, | identty | mapped | eph | accessionno. | covered® | idenity | Viral genome

broad-leaed dock virus A BLDVA - - NC_038560| 91.00] 00601%| 10572] NC 038560 | 8170/8174] 9100, OL472142 | ful genome assembled

Taraxacum viroid-lke circular RNA 1 TVCR1 ot appicable - ot appicable 0.0027% | 86.14] ot appicable 47/ - -1 0L472256 | viroid-ike circular RNA (putative new viroid species)

broad-leaed dock virus A, divergentisolate BLDVAdivergent | - - NC 038560 7569] 0.1074% | 170.71] NC 038560 | 9047/8174] 7569; OL472143 i full genome assembled

irus 1 TBRVA - - 0U015520 | 6638 0.1728% | 18041 OU015520 | 13680/14424| 66.38] OL472121 new speces, full genome assembled

Novo Mesb ifavirus 1 NMIV1 - - MK720664 | 7674 0.0150% | 2455 MK729664 | 8849/8868| 76.74: OL472192 | new species, ful genome assembled

SRR16552276 | P61Pv-PK1 | inte "1’
~{Phaseolus vuigaris aiph PVAEVT NC_039217 - - -1 01956% | 254.20{ MK948542 | 13903/13981| 99.68! - fll genome assembled

{Phaseolus vulgaris alph PVAEV2 NC_038422 - - -| 05667% | _698.89| MF281671 | 14240/14780| 99.50! - fll genome assembled
| IPhaseolus vulgaris PVAEV3 NC_040558 - - -|_0.0237%| _ 2843[ NC 040558 | 7881/15205 - full genome assembled
SRR16552274 | P62Pv-PK2 | internal control

Phaseolus vulgaris 1 PVAEV1 NC_039217 - - - 0.1683% | 15427 MK948542 3981 9961) - full genome assembled

Phaseolus vulgaris PVAEV2 NC_038422 - - -1 04657% | 40561 MF281671 | 14204/14780] 9958 - ull genome assembled
| {Phaseolus vulgaris alph 3 PVAEV3 NC_040558 - - -|_00187%| 1583 NC 040858 | 7707/15205| 88.41i - fll genome assembled

cucumber mosaic virus, RNA1-3 cMv. - - - -i0.0009% .- possible sequencing crosstalk
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Supplementary Table 6. List of circular RNAs assembled using a custom pipeline based
on SLS-PFOR2, with filtering using BLASTn and BLASTx searches using the nt and nr
databases from December 2020. Shown here are 344 contigs, out of the original 4249
contigs, that do not have any significant hits to the GenBank database (nucleotide (nt)
database version released on December 2020).

Notes: 'First characters before ' ' in the Contig ID corresponds to the shortened sequencing
library (or pool) number indicated in Supplementary Table 2. Putative viroid-like circular
RNAs indicated in Supplementary Table 5 are in blue font. *Assignation of (+) and (-)
strands orientation is random, both strands are rotationally identical.

(see next page)
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- Name of putative viroid-like circular § . |Length| %GC
Contig ID' \Assigned strand r sequence

|RNa - <) content -
P06_Contig-1008 viroid-like circular RNA2 | (-) strand 491 623} T STTAGCGT! TGGTGTTGACG(
P06_Contig-131 lant d viroid-like circular RNA2 | (+) strand 491 62.3] T CTTT
P06_Coniig-16 id-ike circular RNAT_|(+) srand 541|  527] cr Tecereet TecTeCT! T
P06_Conig 4077 21217 TTARATTT TAAGTGATTCGOCTTTTTTATTCTATCTTTGARAGGT! TAAGTTCATTTITCE
P06_Contig-4110 viroid-like circular RNA1 | (-) strand 541 527 TCT! T TTCATCAG
P06_Contig653 319 486 T T TGATAGATT TIGTATTT:
P07_Contig-1 766| 27.9] CAACACCATTT TATCTTATAT TATCCCT. T TTTGCCGAGTTCCTTAATGATTGT TCGTAT TACTTGTGGTAGTTTTTAGGTACGGTTTTAGTATAT
P07_Contig-16 441 322] TAATAMACTTATTATATTAACTCTCATTCCTGCARGTTGOTGGTTCAGCCGTTAGGCCATTGACCAAGAT TGGGGTTTTT TACC
P08_Contig-1504 342|488 TTACTCCTTGGTTTCCTCT TTTCT
P08_Contig-3034 210 519 TTCAACG,
P08_Contig-40 315] 26.7] AAAAAACATTTCTT, T T TCATTCCGATTTTTCGTATTCTTGTGTTTGATTG!
P08_Contig437 203| _573) TGACATCGGTTGOGGTTGCGT TeceT TTGTTG
P08_Contig450 434 332] TTGGTTTAGAT \TCCGAATATTAAGTATTCGGAGTCGTTATT TCCOCCTTTTTAGTTGATTTTATTCAACGAT 1
P08_Conig 4656 206|  26.7] AMATAGTTGACGGCTTCATGCATATTACTCGATTGAT! TTGAATAACTTCTACT TTATTT/ T TACCACTTGGTTTTTTT TCATTTTTTGAGTCCA
P09_Contig-16 212 458 TTTGITTTGGAACCATT T
P10_Contig-16 494 591 Gr T TTGETOGCCT! TCGs TTATCCGGGOT
P10_Contig43 494] 59| TAT TGeT T TCAT
P11_Conig-1 752|320} aerett TCGTTTTTTCCTT TATTTTTCCCCTATTTTT TECCTCCTAT
P11_Contig-165 512|533
P11_Contig-2004 201|393 AGTTTAMAT TAGTTATAT TAGCTT TCATTTT
P11_Contig-277 504 252] TTTTTAGTCTTTTTTGAAATTAACTCAAT TGTATTATTAT TTTTC TTCCTTAATGCATCT TACGCGA
P11_Conig-2980 272] _460] TeTT TACCTCCCGTTGTTAT TCGTAGCTTATTCTTCGOGCTT TATTTT T
P11_Contig-764 205 322] AATATTTACAATATTTGTTGCTAGATTTACACCTTGTTTTATTTGTCTGGTTCCGTCTTGOATTATTOGCT TATTARTTCGCCTAT T TeAT
P11_Contig:88 512| _529] T TGGCGGGCTTTGECTTTTGOC!
P11_Contig-947 204 289! T T TTACTTTGTAGTACTTCTACGGTTAATT! TTTTTT TTAAT
P13_Coniigs 208] 466 GToAAT T TCAGGARGCTT
P14_Contig-101 202 21.8] AAGTAT' TATTATTCAATTAGTAAAT] TTATGT TAATTAAATATTGTAAA
P14_Contig-1047 205 _132] AMMATTTGTTAATTATTTANARTATTTT TTTTTANTTAATTTTCTCTTTTARATTCGAGAATT T TTACTTTTARATGARTTTTTTTTTCATATATTTCARATTTATTITA
P14_Contig-161 353 47.0] TCATTCAACAGATTTTTGGT TTGCTCTTCTCTTTTGCATT TCTTTCTTCGTGTCCGT
Pi4_Contig-281 508 521 TGGTCCCTTCTTCOGTTGTTT TGCATATTTCCAAGGGTTGTT TTCCTAAGAGTTGTT
P14_Contig-931 298| 292] TGAAAATGAATTTCAATT T [ TTCAAATTGAAGTAATT TCATTTTCGAT
P17_Contig-193 512] 533 TCTTCOGTTGTTT TGCATATTTCCAAGGGTTGCTT TCCTAAGAGTTGTT TCAACTC
P17_Contig-38 244) 512] TGT! TTGTTGGT T TGTGGTTCTTAGAGCTTGTTGTGGTCGTTGGTGGCCTT TGCTC
P17_Contig49 512 534 TACGTTAACCATTAAT’ TTTAGGTCT
P17_Contig 81 244|520 caaccet
P18_Contig-11 74| 570] AGGAGT TeaTT TTeT
P18_Contig:20 327] 636 T TGGTTTCCACCT TGITGTTGT T6T il
P18_Conig:3 351 632
P18_Contig:30 650 408 TTTTTCCAT TCTTGGTTTATT T TATT
P18_Contig:39 277|397 TTGCTCTGTTATCCCTTAGGTAGCTTATTATTTGTGITATTATTTTTTTAATTGTCANAATT T TCTCaTCT TTTTTAGACTTTGATTTCATTATITGCTTATCAK
P18_Conlig:5 753373 TTAARACCTATTTACCCAATGT TTAAATAACCTT TATT TTTGTTTTAGATCCGTTAANTTTTCGGTGCTTTCAACTT
P20_Contig-100 26| 618
P20_Contig-1001 26| 469] T ToTeTT TCCAACTTTCGGAGT T
P20_Contig-1062 273612 TATGGA
P20_Contig-128 24| 508 TGACTTAACCT:
P20_Contg-1540 21| 362 TCTTG0G6T TTAMTATTGTTGTTATTATTATTAT TTANT 766
P20_Contg-1839 26 469 TGGAAGATTGATTAGGATCATTTTCT TCATCCGTTGTTTTATTACCAGCTTGTTGTATC
P20_Contig-194 468306 TATTAACTTGAAATCCAATTATGAAAACTTY TTCTARACTTTATTTCAAAT TTCATTTACATTTAAGTACCTTGTT:
P20_Contig-2057 291409 i TGTGGAGTITTCT T
P20_Contig-2557 44| 418 T TCARAGCC
P20_Contig:304 244|520 GTTGGTGGOCTT TGGGAACGTT TAGCCCTTATTCGGT Tor TTGTIGGTT)
P20_Contig:326 391355 TCTTCTTTAGATCCCTTGTT TGCATTTTCATACTATTCAATTT TATGGTTTCTCAGTTCACTTATGTARMATT GAATAGTATGAAAATC
P20_Contig-327 744] 418 TTTCACT TAT T TTCAT GTToT TGTTGT
P20_Contig-363 298| 40.9] AATAAGTTGGGCTTGT TCCAAATTCCTATGTT TTGTC/ TTGGCCAGGT'
P20_Contig:372 27| 453] ToAnT TCTT TeTeT TGTCAAATTGGTTGTCTT TCCTTTTGCCTTAGTATTGCACAT
P20_Contig 4413 222] 446 TICGTCTCCTT TGOTT
P20_Contig6332 27| 453] CTeACT TGGAGT TTCAGAACTT
P20_Contig663 28] 447] TCT TGAGCTTCGTT TAAGGTTACACTT TCATATCTTTCGTGTTCT TGATGA
P20_Contig:68 21| 693
P20_Contig-726 229 402] TAGAGCATTTAAMAGACATTCCT TGTCGTGITCTCAT TATTT T TITTTACGATTT
P23_Conig-10304 23480 TTCANTT STTTAMTAAGCCT
P23 Conig-1078 24| 454 T TCAACT TTGOCTTTC
P23_Contig-11287 220 482| cecT T T TGATTCGTCGAGT TATC
P23_Contig-1159 278|406 TATTTGAT TCCAGTCTTGTCTTGTTTATTCTCTGATT TAGATAGGT! GTTAACCCTTTGTTATCAGAARTTCATTTAA
P23 Contig-118 339 454 T TTGTG!
P23_Contig-13897 204 36.8] TTTC TAGT TGGAGAGTTTTTCATTTGAAATGTTTTTGTATGTT T TCTGTTTCGATTTATGCTGCTTTTCTAGTT TCAAATCATTTTCATTCT
P23 Contig-145 747|301 CCTGTACCATAGOATCAGTAGCGCCATCTGTTAGTAGTTTTAMGAGGTATGAMAGCCT TTTTTTTAKTGTAGATTTTTACATTTAATGTTAGGAAGAATGTTCTTGTGTTTGTGACGGTTTTTTATTTAATGATTTATAATTTGGGGAGTTTA
P23_Contig-2046 220] 486 TTAGARATTCGTCCACTTARACTTT NTTATGGGATA
P23_Conig 2180 278 410] TACTT T TGGTTGATTGTGGGGT
P23_Contig-2209 229 37.6{ GGTGCAGGGT] T TGTT TTTGCAAAGAT TACTATGAT T TCTCAGTTTTTAATGAGCT
P23 Contig:240 653|404 CAATCTACCTTTACATCAATTGICCATCTTTAACT: TTTTTGATATTCCAMGTTT TT6T TTACTACTACCT TTCCTTAMARTTACGATCGTTI
P23_Contig:3220 262] 355 TTGGT TGTAGTTGGT! TATARATGCTTARAGTTARAGAT TTANTGOTT
P23 Contig:33 766 422] TTCTGTGAGATTCACCTTTACT TGTGCCTTTTGACATTCTGTTTGTACAT TTGAT TTTAACCTTGCCTTTGCTTTTTAGGTCT TTTTGAACTC
P23_Contig-34000 29] 376 TGTTTCGGATGOATTTCCTGCACTTTAT TGATGGTTCTGAGT TITTTGGTCCATTTTGTTGGCTGACATTGATGET TTCATTAGAAAGAMAT i
P23_Contig-3924. 311|412 i TATAGCCTTCAATTTTGGAATTTT! ™
P23_Contig-448 m 46.7| TTCCT! TCAACTT( TICTGT TGTCCATCT T
P23_Contig455 324|475 TTCTAT TACT TTTGAATTGAATCT TTGCCCCTTTTCAGTA
P23_Contig 4886 375 387] AacTT TTTTGAT TCATTTCTATTGGTTTAT TTCACTT -
P23 Contig:508 22| 480 TAAACCTGGH
P23_Contig-5451 244 508] TCGGT TGT TTTTGTTGGT T TGTGGTTCTTAGAGCTTGTTGTGGTCGTTGGT
P23_Contig646 578] 462 T
P23_Contig-6685 296| 34.5] TAATTATAGTCAAATTCGTT! TGAAT TTTATCTGTTTTATACT TGCAAT TGC
P23 Contig:730 %1575 TCAGCAACTTACCAGT
P23_Contig 7699 %2] 355 TCcT STTGGAACATTATTCGATATCT TATTCT
P23_Contig805 24| 500 T
P23 Contig:93 213|484 TecT T
P23_Conlig944 714 402| GTAGT TCTCGATTCTCT TCTGACT TCTCGAT TCGGAT TGTACTTT TAATTCCARAGGT TGCAGT
P23_Conlig-979 296 216] TTATCGTGGGTTATCGATTTATARACAGGTTCCTCTAAT TGAMTTCCTTARTTTTT/ TTTTTATATCAMATTTTTGOTTATTTTGTTTATTATTTGAATAMTTTTTTAAATTATATTTATATC
P3-1_Contig-1135 762, 45.7] GTGGGTTGCTACTGTTAGGCTCGGT TTAGATGATTAAGT’ TAGGGAACCT! TTGAGTGGTTTT/
P3-1_Contig-1186 274] 453] GaTrarTICT TCTAGGGTTTGTTGAGATTTGGGGCTTT TTTGTTTAGATCTGT eT TAGGGTTT T
P3-1_Contig-1949 216|606 i T TGCCCG
P3-1_Conig-2062 433 428] AGAGGGTTAT
P3-1_Conlig-2628 222 302] TCATTTCGT TTAT TTCACTATCTTTCTTTGATTACAGGATTAAGATTCATT TTCTATATATTTAGATT TGATAMAATTTTCATTTCGTTGCATCCAAGA
P3-1_Contig-28 408, 36.8] TTTACTACCAGATTGATTAATTGCTTGGTTGTGTTT TGGTTAAGACT TCGT TGT TGTAGTTTACTTGATTTGTTGG]
P3-1_Contg4263 %2| 473
P3-1_Conlg717 24| 37| TrTIT TATGGAATTTTTAAT TTTCOCCTTTATACCCTTTCCCTTT TTCCTAC
P3-2_Conlig-1269 22| _500] CTCTTAT TCAT TTCTT TCACACGTTCCTAT TCTAT
P32 Contg-14 565|524 TARACCTCTT TCGGTTCTCGOGCATTTATACCTTTGOCT
P3-2_Contig-1530 331 375| TIATT TGCTCGTCTTCCATTTT T T TITCT TAATTTATGCAAT
P3-2_Conlig-154 368|516 TTGGTT TGTTANTGOCCTTCTGATTGECTGT
P3-2_Conig-1640 259 556 T TTTTCTGCTTCTTCCACACT TAACAACCCT TorTC
P32 Contig371 200|328 ACGGGTTCACAARAGAT TACTTACTTTTACTTT TTTAGGCTTAGCCGGTTTTTGECTTAGCAGCCTTTT TITTACTTA
P3-2_Conlig 515 22| 336 TGATT TTTTAATTTAAGTATCGTTATTTTCCTGTCTTTTCAGTCATT T TCGOCTTTATGAC
P3-2_Contig-608 750 418 TTTTTCTTGTTTTCCTACAATTTTTAAGATCATTTTCTTT TGGTGTTCOATCCTTTGT TGTTTGTCTTGITCTCTTGT TTeTT
P3-2_Conig-784 21| 461
P3-2_Contig-838 753 392] TTAAT TAGGTTT T TCAAGTAGCT TAGATCCTGTTATGATTAGATTATGG
P3-2_Conlig-967 514|533 TCTTGAGTGTT TTCTGATTTCOGTTGTT
P37_Contig-189 33| 358 TCTITTICGT TCTCacT TTGTAGTTATCTTTARACTT/ TATTATT TTTTTCT TITATATTTCCTTTGITTCT
P37_Contig-724. 308 445 T TTCTTTACTTACACGGTTARAGGGAAGT TGGGTT TAART T
P38_Contig:38 217|355 TATCTTAT TTGTTTTAAT! T TATCTTATAT TATCCGTAAGT TTTGOCGAGTTCCTTAATGATTGT T
P40_Contig:32 217|281 CTTACTGCGTCTIGOGRTCTT TTAAGCCATTAMCTTT! TTIeT TTATAMCATTC
P42_Cong-1275 238 44.1] TTCTTTCCCCAGTGT T TCTTe T T TGTAGTTCT
P42_Conig 1579 210495 TecT TTeT TGGTCAT TTCARGE
P42_Contig-1912 23] 442 TTTAT TCGGTTCCCET TGGCATTCATATGGTCT TCAAGCT T TATTGGTT
P42_Contig:262 511| _524] GITGITTTGCOCCTCGTTGCATATITCCAAGGGTTGCTT TCCTAAGAGTTGTT TTGGGCT
P42_Contig 260 281| _431] GrTGATTGTCTGCT TCTTACCTCTICAATTGTCCCTTACGATGAT T TTTTTARACAATCATTTGGTGGGTTCATGATT TCTGGGEGTTGITCTOTC
P42_Contig-317 574) 31.9] TGAATTGTCTTCT TCGTTTTT TCT TCTGAGATCTTGTTCATGAGAT TAA
P42_Conlig424 512 527
P42_Contig482 24| 504 T T
P42_Contig 491 406]__305| CAAGATGAATTTCTATGTTAAGTAGAGT T TTTTATTTTGGT TTGATTTCCAATCTTGTATTTTTTATIC
P42_Contig-512 226| 34.5] ATATCT! T TTCGATTTACTTTT! T TTTCTTTTAGTTTTTCTGGGATTCGGTCT 1
P42_Contig:608 319 301] TATTTIGT TCATAGAATTGTT TecTT TGACTGGAATT T TITTTTACET!
P42_Contig-707 281 431 TGTTTAAAAATGTTTT( TCGTGGTTT
P42_Contig807 21 467 TTACTTTAMATATTCTT/ TCATTAKTARATATTT TCCCTCGATTTATCCCCCCTTCCT T
P43-2_Conig43 | notapplicable notapplicable 213|  319] TGGARATGTTATTTGCCTGTT TTGTGOCAATTCTGTAGTGTTTTTTT TAATGCAT T TGAAAAACTT TCTARAT TACATTTTT
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P432_Conlig:60 213] _324] TomaTTT TACAMGTTTTTCAATTTATTTT T T TITCATTGOTT
P44_Contig-12 686] 558, ATAAAAT TTCTTTGACT i TGGCTTGTGGCGATTTGTTGGT TTTCATTT

P44_Contig 296 26 522 Tor T

P44_Contig-44 733 297 TGAATTTTTCTTAAATTT( TATCAAAATTCAATTAGATAAGTTTT) TTTGTTTCAATATTTCATTTCAAAATTCAAAGAAGTTT! T1 TC
Pa4_Coniig570 268 34 TTGCATTTCTT TTTATTT TTACTTAATATCTTATATT T
P44_Contig-646 287| 575; GCTTGTGACT TGGCCTTGTGCCATCT T TCGGATT

P44_Coniig:89 348|399 TCaCT i i TATAT

P44_Contig-91 568| 512 TCAGCTTAACCAAGATTGAGT T TTTT TTAGCCTAC
Pa4_Conig:93 686 560 M

P44_Coniig:95 568 512 TeT TeeT TGTGTTTGAGGTTGGCT

P45_Conlig62 472 284] TTTACTCCATTICTTTATGT TTTATCCTTTAGGTTTAATT TAACTT TTTTCGT TATCACTTGGGTTATCATATATTTATTATTARAAACAATA
|P45_Contig-7 344 334 TTAAAACCTATTTACCCAATGT TTAAATAACCTTTA TAT] TTTGTTTTAGATCCGTTATATCTTCGGCGCTTTTAACTAATTAGGTTAAC
P46_Contig-1109 412|468, cr TTCCT TTCATTCAACAGATTTGTGGT TCCCCTTCCACCTTCGCCTTTGA!
P46_Contig 1196 214|379 GrATGAGT T TCAT
P46_Contig 1773 270|381 TCAACTTGCACGATGTTCTTCACTTTCCTTCTCTTCAMCGTCTTCTTCT TCAATCTACTTGAAGCT TAGCTCTT
P46_Contig-1815 349 504 T TGTTTTGATAAAATTTTTAGGCCACGTTGAAATTCGAT]

Pag_Coniig:227 768| _ 353] TTTTTTTATITTGTAATTCTCTTCAATGCTTTTCAGTCTTCGTTGITTTTCGGT GTTTTAAGACGATTTTTT TCTAT TIATTT T
P46_Contig 2778 266|398 T TGTGGAGTT
P46_Contig 285 512 _541] CGTTGCATATTTCCAAGGGTTGCTT TCCTAAGAGTTGTT T

P46_Contig29 77490 TACCATT TTAATGAACTTGT TCGG1
P46_Coniig 3866 354376 TACTT TTAGT T TCCTCAC
P46_Contig 3877 200385 TCTAGTTT TAGTT

P46_Conlig425 28| 368 et TATARAATTT T

Pa6_Contig433 511530 TCCATCATTGAGT

P46_Coniig439 750|423 TCGAGTT TTATTGTTGCAAT T 1
P46_Contig-744 276| 348 CTAGT T TCT TTGAATTTTAGCAAT' TAAATTT

P46_Conlig 790 409|389 T TICCCCTTTACTCTTTAT AT TACTT

P47_Conlig-110 213 324] ToAATTTT TITTCAATTTATTTT T T TITCATTGETT
P47_Coniig:82 213| _ 319] TGGAAATGTTATTTGCCTGTT TTGTGOCAATTCTGTAGTGTTTTTTT TARTGCAT TGARAAACTT TCTARAAT TACATTTTTA
P48_Coniig-10965 210 395 T T TG
P48_Contig 1194 557 415 T T i
P45_Conig 1198 220 327 TATGAAGGTTTAAATTGAGATTTAMGCTTT! T TARTTCTCAAAAGTTAGACCCATTAT T

P48_Conig-12185 231|286 TATTTT TTTCOGAGTGTTCGAGGCTTCTATTATTTATGTATGATTTTTT TGTTTCGAATGOGTTTATANTTTATTAATTTCTAATAAATTCARATTAGTGTTT TCGTTTATCCTTTCE!
P48_Contig-14867 29| st TrrCT T TeTeT

P48_Contig 1710 35 27 TTeT TTACTTTTCTTGTGATCCTTTTCAACAAATTTATACTTTTTATTTCTCGGTTTAMAGATTTGTTGAATT TTGGATGGTTCTTTTAACTTCTCTTG
P4g_Conig-19 589 404] cAmAmACT TCAGGTC
P4g_Coniig2 740 370 TTCATTARAGTGTT TAGT T
P48_Contig 2199 430|291 TGATAAT TATGAAAGATTTTGTTCCAATTARTTTAAT TTCGAACTATATT TTCATTTTTCATTTTAATATCTTGTATGATATTCT
P48_Contig 2443 201 587, T T T

P43_Contig:296 217 _323] AATGGAATCTT TAAATGGAATTCTTTTAGT! T TITAGAAT TATTTATATTAT

P4g_Conig3001 489|571 oaarTT

P43_Contig 3205 209|440, TAACTATGCAT TTAGATTTTCAGTGTAARTTGTAATTGTGTTATTTTATATT TeTTCT TATCTTTCTCCTTCTTTCN
P48_Contig 3656 307|492 TACAGS
P4g_Conig 4757 438 484 TecT TAGTGATTTGAATCC
P48_Coniig 5254 244|381 TARTTTT TCAATTTT TATCAMATTAATCCT, T
P43_Contig 5342 24| 405 TGATGGTTT! T TGAAGGATTAATT TTGTATGACAGTTTTATTTGOGCTTCA
P48_Contig:593 218|482 T TTTICCGTT TGCCCTIGAGTTGAGTTGCTTGGT T TGOCTTGOTTATGCTTT

Pag_Conig 711 583 395 ATTGGGTTTGT TATATGAGTTTTS TCAGGTTCTTTT TCCAACTTATAGTTTATTTCGACTTARAGGTATTTGT TaT

P48_Contig-9556 398| 334 TTTAATAAT' TGAACATATTTTGGCAAACTTTACAAATGACT TTTCAAAACCT] TTTTGGTGTTT

P49_Coniig-133 213|324 T TITCATTGET TGAGTCAATTT TACARAGTTTTTCAATTTATTTT T

P49_Contig41 213 324] ATICTGTAGTGITTTITT TAATGCAT T TGAAAACTT TOTANATT TACATTTTTATTGTTAT TAGTTCATACTTC
P49_Contig 91 326|258 TCAACTGTT! TAGTTTTTTARTTAMARACT
P50-1_Contig-1102 214 304] TAAAATTCCTCCTTCTTTGGATTTTTTATTCAATGATTAGTTGTTAAT TTAGAAGTTT TTTT TACAGAGAAY
P50-1_Contig-11245 28| 510 TTTCTAGCTAGTTTCTGTTGCTTGTGTTATITCCATTGCTET TGGGATCGEC
P50-1_Contig-1435 350] 237 T TTTTARTTTTTT TCTATTAGTCTTTCTAT TTAGARAATATTATAGT/
P50-1_Contig-14645. 231[ _286] TATTTTC TTTCCGAGTGTTCGAGGCTTCTATTATTTATGTATGATTTTTT TGTTTCGATGOGTTTATANTTTATTAATTTCTAATAAATTCAAATTAGTGTTTTGT! TCGTTTATCCTTTCET
P50-1_Contig-1595 426|408 TTAATTTCTICTTGTCCT TCAGAATCTTCTTTCTTGTCTTCATTT TAT TCeT
P50-1_Contig-1800 261|352, TGATCAATTGAT TAGTTGTT T TACC/ TTTTECTITCCT TAGATAAAGAT!

P50-1_Contig-2820 306|382 TCGTTGATTAGGTCAAATITAT! Tar TTAT TGTTTAGTTCAAATTAT TGATTAGGTCAT
P50-1_Contig-3249 234] _521] TCACAGTTTGGTT T TGCACT T TGTeT
P50-1_Contig-3293 349|387 cacaceeTer TTAAGT! TCTGACTT TCAGAGTAAT TCAGAATAATTT!

P50-1_Conlig-3501 208|466 TTGOGGCAGTTTATCGTOGT TCCTGARGCT TACT TTGACTGCAAT!

P50-1_Contig-3626 278] 457 GGCGTTTGAATTTTT TTGTGAGAAT T T TGATGTT TAARTC
P50-1_Contig-3660 538| 364, TATATATCCT T TATTAGTGATTGGTT TAGGTTCGTTCTTTCATTARTTCCATTTGOGT

P50-1_Contig-3749 76| 394] TGGTACTTCAAAGAGAATTT! TCT TAAATTAT
P50-1_Contig-3976 28| 294 TCGCGAATATTGOTTTTTATTTATTCGTTGTTCTCTTTTTTTTTT il TTGTATTCCGACGT TICTATATTATATATTATAGT

P50-1_Contig-3980 507 398] AGATATTAT TCCAGGTTCT GTTCAGGTTCTTTTICTAGGCTATTCTTTTATT TATGATTAGGTTTTATTTAT

P50-1_Conlig 4746 512 527 TTeT TGGCGGGCTTTGRCTTT CoceT TTTGTTGTGTGTTCTCTTTGOACT ™
P50-1_Contig:510 278450 T TAGAGT TGAARTCATT TCTCACAAT TCTCARMAAT

P50-1_Contig 5168 200|445 TGTTGATTTATGCCCTTGGTTTACCT TerT TTTGCT TTCTTGAGGATTTTTAGCGTTCT T
P50-1_Contig-5369 208 466] TCAGGAAGCTT TTGCATTAGT TGTGAATTT T

P50-1_Contig 6376 %2| 324) 1T GrT TTACGACTTTTAT TGATCAT TTAATATGT! TTTGAMGTARATTTGGTTTGAT
P50-2_Contig-11765 206|547 T TACACCTTT T

P502_Conlig-13 268|250, AMAGAAGTTCATGOGTTACTAATTGCTAAT T TTTTTGGATCCATTGOACTCTTTTT TTGARATCAT TTTCAATACAAATTAAGTTGGGATTTTCAT
P50-2_Contig-1352 625 374] AATTTTTC Tor TAT TAGATATTAT \TTCCAGGTTCTICTTGTATGTTGTCATCT T i
P502_Contig-2067 25 436 TTTTATTAAGTT TTAGGCCTTATTCCCTATTGTATTTGTAT TITTTATTT TATTTCTAGTTTATT TGTGCC
P502_Contig 2115 206|547

P502_Conlig:2942 220|377 TTATGAGAACTTTTGAT TCTTCCACTCATTTATCAAGTTT TAGAGTTTTGATTGATGAATGTTGACCTGCATTTGTTCTACAATTCCCGAGCTTCOGAT TCTACTCAGTTGTCAAGTT 1
P50-2_Contig-339 lant iated viroid-like circular RNA3 |(+) strand 580 398 TGGCATTACAGTTATGGTTATGTGGT] \TTATACATTTTGAAAGGCTTCACCTAATTGACTCTTTCGTTAGAA
P50-2_ Contig-3505 iroid-ike circular RNA3 |- sirand 580] 400 TTTCGATCTACTT TGGTTTATACCACCTT TATGGAATGTTTACAAACTTCCAAGGCCTTCCT T
P50-2_Contig-3680 2| 402 TTATTTCGTT TCTT
P502_Contig-3933 355|363 ACTTCAT il TAT TAATTACTT TGGCAACTTAMCACTGT
P502_Conlig-480 205|502 TeTGACTT: TATTGGCCTT STTTACCTCCTTGTGGTCCTT TTACA
P502_Contig 4989 220509, TAGGT TCCCTTGTGAGET TTGGGGTTGOGTCT TTTCC00CCT

P502_Contig 517 455 27.7] CTGGAGTACTTTATGTGGTTTTTTGITATGOGTTATATITGTCTAAGTTACGTTGGTTTTCTTTGTARGGTTTATGTATITT TTGGTTTGTAATTTCAMARAATTCTCAAT T TCTTTTGCTTGGT
P502_Contig:551 3400|382 il TCOATAGT TGAGCTTT!

P50-2_Contig 5582 377 326) T TCAGACCTATTCCCATTCTTAT TATTCTTAGATCGTGTTCGTAAGATTAAGAARAATTCTTCTARTTTCTATGTATACTAATTATATTCATTAGRAGTCT
P502_Conlig-564 210|500, oacT ToAAT TTTTGGGCTTCCAT TGTGGGCTTCCATGGTTGATTGAGTTT TTCCATAGCCTTGTGGTT

P50-2_Config-587 38| 417) GoTCTAMT TC
P502_Conlig 6442 251|327 TATAATAGT: TTTATATTTTTAAMATAACT TTCGGTTTATAACCTT TTCCTA
P502_Conlig:6677 204 _505] creToansT T TGCGAGGTTGTTS TTTTGGAGTTGGTACC
P502_Contig:711 3| 427 TTCeT TACACCTAATT TCACCO:
P502_Config 8145 302|394 T TCTTAT TACTTTCTT
P502_Contig 8494 26| 316] ATAATTT TTTATATATCTTTTGAGAGGATTTTTTTAT TTTGGCTACCTTARAGTGAGGT TATGGTTTT T TeC
P502_Conlig-8497 270 530 TTTTCT ToceT TCCGATTCOGAT

P51-1_Conlig-166 213319 T TITCATTGCT TGAGTCAATTTT) TTTTCAATTTATTTT T

P51-1_Contig:52 213|319 ATICTGTAGTGTTTTTTT TAATGOAT T TGARAAACTT TCTARAAT TACATTTTTATTGTTAT TAGTTCATACTTG
P512_Conlig:347 213| _ 324] TGGAAATGTTATITGCCTGIT TTGTGCCAATTCTGTAGTGTTTTTTT TAATGCAT T TGAAACTT TOTAMATT TACATTTTTA
P512_Conlig:698 213 324 T TTTCATTGCT TGAGTCARTT TACAAAGTTTTTCAATTTATTTTTGAMGTAG
P52_Coniig-1398 337| 433] GTGCCATGTTTGAGGTTTCACCATTCOTTTATTACACCATAT TTCAT
P52_Contig 1551 274 460] AccecT TACCT TACCCGGTAAGAGCGAAGAS TAGCC TeC:
P52_Contig 2314 471|318 TeMGTTTICTTTT T TTATTIT!

P52_Contig 2391 512 531 TTGGCTT TTGAGGCGCGT TTTGTTGTGTGTTCTCTTTGOACT T
P52_Coniig 2465 207 435 TCGGGAT TCAGATGT

P52_Contig 2468 262| _355] AMTTGGGATTTACAAATT: TCAATTCANARTTAACACACCCANAATTCGARTTTATARAATTTCACTCTGAT GGAACGTTTTTCAGTTGGAC
P52_Conlig 247 681|323 ATTTATT TCGACAATT! TACT T TTATGTTATAMAGTTTATGTTG
P52_Contig 467 29 375 TIATTG TARTGAGCT! TATT T

P52_Coniig 5322 337|430 TAACCTGCT
P52_Contig 560 21| 244] TIAATGOCATTT TGTTCATCAT TCGTAATAATTTTCCCTTATTTTTTCTAACTTTCTITATAMATTTTTCTAATT TTGTTACETT
P52_Conlig625 320 500] CAACAAT TATGCTTTAGAT
P52_Contig:803 782 379 TTGAATTTTT TCT TAT TAGATATTAT \TTCCAGGTTCTTCTTCTTGTATGTTCTCATCTICE
P52_Coniig:99 411|457 CATTCATTGTCGAACATTGCT T TTATATATACTTTCCCTCAGTT TeceTeTT

P53-2_Contig-1 397|511 CGTTTTeCTITCCGACCCT TGGTAGTAT T TTCACGGC
P54_Contig-1214 222| 306 TGACTGGATTCTTTTTTCTGGAGTT( \TTCAGTTCTT/ TGCTT TTACGATTACTATGTT
P54_Contig-1568 EED T TTGCTATATGATTTATT

P54_Coniig-1733 24| 516 il
P54_Contig-180 761|385 TTCTTGTCCATCAATICCAGTTTED
P54_Contig-2005 343|440} cor T TCGAGTTAGTCCGTTGTTGITCTCTCTTT TCTTTTTCICTTTTAGGCTATGTTCATT
P54_Contig:2409 483 387 T T TTTCTATGATGTTT TTCTTCACGTTTTTGATTCGGGOCTTTTATCGAACAGT TTTGTTCAGCATTTTCGAACCCTT TTCGA
P54_Contig-2942 220 37.7] TTATGAGAACTTTTGAT TCTTCCACTCATTTATCAAGTTT TAGAGTTTTGATTGATGAATGTTGACCTGCATTTGTTCTACAATTCCCGAGCTT T TCTACTCAGTTGTCAAGTT 1
P54_Contig:3019 255 _467] CGATTACAAGOTTGAAGT TCGCTTTCTGCTTTACTGAT

IP54_Contig-3125 265| 400; TAGATTGTGTTT TCTGT TTGCTGGTTTTTCTATAATT TTTGTTTTAGCATTAATGTTTCTTATGGTAGTTGTCT TCCCCTTGCTATTTGAAAC
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P54_Conlig-3295 391 TICTGTTT TCTAGAGTTGATCTTTATTTATACATCACTTTTGTACTAGAATTTTCAATATT

P54_Contig-3590 420, GCCTGGACATGGT GCTTGACAGH \GAT' \GG

P54_Conlig-375 396 TTGTAGMAGTTTCAGACT TGATTTACT

P54_Contig-4353 46.1 TATT TGGT TACTGGCTT TGCT
P54_Contig45 460] TGGGT T TCTT TICTT

P54_Contig-467 433] CTAAGCGTCTTCGCT TAAGTAG TACT TTTGAATTGAATCTTAAGT, TCTTT T+
P54_Conlig-5055 382 TGCTGOGCTTACGCCTTTTATTGGCAT TTICTIT TCATAAT TCGTTGTTAGGAMAG!
P54_Conlig-5090 391 TTTACAAGCATTATCAGTGGT TGANATT TAGTC
P54_Conlig-729 383] TCTTTGATTACGAT: I TGIT T TTTTTAAGTCCGT T TTeT
P54_Contig-7327 _|plant associated viroid-fike circular RNA4_|(+) strand 639 T o1 TG6T o TGTCCOGAC
P54_Conlig-7860 d viroid-ike circular RNA4 () strand 64.2

P54_Conlig-964 339 T TTTTCeT TTCTCACT T TGTAATTATCTTAAACT TATTT T
P55-3_ Contig-167 324] TGGAMATGITATTTGCCTGIT TTGTGCCAATICTGTAGTGTTTTTIT TAATGCATT TTGAMARACTT TCTAARAT TACATTTTT
P55-3_ Contig-225 324] TCAATTT TTTTCAATTTATTTT T T TTTCATTGOTT
P53 Contig 40 30.1]_TTGGTTAGATCCATTARATT TGOTTTATT TTTTCOAATARTTAT TAT TTTACGTTAATTT

P56_Conlig-1040 530 TICTTT TTTCACACC!
P56_Conig-10402 644

P56_Contig-1052 375 mcaaT TATCCATAGTTTTTTGITTTTGGT TTIeT TGATGTTGGAMTGA!
P56_Contig1170 467 TATTAT

P56_Conlig-1276 351 TAATTGAAT T TTTCT TTGAAT TGCAATTCCCTCATTTCATGAGAATTCARRTCTCA
P56_Conlig-1539 505 TGeT TT6T TGGTCAT

P56_Contig-1566 36.3] GTTAGCATT T T T TCTAAT! TTAGCTGATAGTTC
P56_Conlig157 370, TGGTTTCTTTATCCAGATTTAATTGTTAGACT! TCCTTCATGTAAGTTGGCCATTAC
P56_Conlig2 337, TCTeTTCT TCTTCTICTICTTCTTTITITITTTITTTICTTTTTTICTTTTAGTGTCTTCTTTAT TCCGCGGATTG
P56_Conlig-2771 360, GGGTTATTGGT TAAGATCGGTTATTATGT TCCAGGTTGCTTTCTICTTGTATGITCTTATCTTCTATCATGGT TATTGGT TACGAC
P56_Contig-3439 37.6]_TGGAAGATCGTCACAACTTTTATTCTCAGGCATTTTTCATAGCTTCAATGCTTTACATTTAATGGCCT TTTCCTTGACAATTAGGGATTTTCGGAGCTCTTGATTTTAGGGTTTATGGGTTCTTGCTTGATTGAGAT TCC/
P56_Conlig-3793 07 T TCTATTTGCGTTGRTCTT TTTTTCT TCTCCGOCTTACTCTATT TAGAT
P56_Conlig-3962 376 GACACTTTGGAAGATTGTGGGTTT: T GTTGTGACG!
P56_Contig400 413 TGCARGTTT TGOGAGAAAATTAT T T TAAGTAGTTGCT 3
P56_Contig-511 332 TTGTTGGTTTGGAATTTTGTAGCTTCATTCTCTT TTGCTTCAACGCTTCATCATCCTTTTTTCCTTGACTAATATTTACTTCCGCATTTAAATCCTGATTCACACCATCGACAGTGGTTGTTCCACTATTAT
P56_Conti-6069 394 T TOTTAT TACTTTCTTAY
P56_Conlig-7136 407 aacT T TGTTGGAAGGTTCTTGGTCTCATTATAGT Tar T TTTAATTTGCCCAT TGGATAN
P56_Contig-786 46.9) TGGCTTATTGCCGGAT TAC
P56_Conlig-892 556 GGACTTGCTTGEGCGTGCTTGOCGGAGATTGOCGAGT TGACTCGATGGCGGATTTCTTTGACT T AT TGGCTTGTGGCGATTTGTTGGT

P56_Conlig-921 37, T TGAT

P56-1_Contig-109 293 TTCCTATTTTTTGATTGTTTAT TTAATTT/ TTCTT

P56-1_Contig-1482 509 i

P56-1_Contg-1681 404] GTATTCACACT ATCAAGTGTGAGGAGGTGTGT 16666 TAMACTTTTGGCTGAGTTGGTTCTTTGAATAGTATTAGAAGCTAGT GTGACAAGAGATCGCGBGTTTARATCTCARCCATATCTTCC
P56-1_Contig-1734 376 AT TTGTCTIT TTGGAAGATTGTGGGTTT

P56-1_Contig-1818 482 TTACTCCTTGGTTTCCTCT TTCT

P56-1_Contig-1846 508 Tecet TGITGT

P56-1_Contig-2033 383 TAGAGCACAAAGAT TTTTGITTCATGATGATG i
P56-1_Contig-254 34.5]_TCTCTTTGITGGTTTGGATTGTAGTAGCTTCATTCTCCTT/ TTGCTTCAAGGCTTCATCATCCTTTTCTCCTTGACTGATATTTACTTCCACATTTARATCGTGAT TGTTCCACTATTATTTGOTT
P56-1_Contig-34 346] Gr TGCTTGGTGIT TTTTTGAGAGCAT TGGATAATTT

P58-1_Contig-340 302/ TTTTTTCTTGAAGGAATTTTTTATGATCAT TTTCTTTAT TCAT' TTAATTAAATATTC™
P56-1_Contig-355 29 T ToTTCT
P56-1_Contig-397 294] AMGTTTT TTAACTATTAAGGGGT T TGGATTAT T TCGAAN
P56-1_Contig 4155 431 T TACGATTATGGCTTTTAAGGS
P56-1_Contig-446 625 Gr TCGGCTTTTATGH
P56-1_Contig 451 47 TGGTGCACT T

P56-1_Contig:511 516 TCa
P56-1_Contig-585 269 ATTTTTTCCTICTT TTACTTCAMACTTCAAGT GAATTCCAATTTAATTCTTTATTTATTTTAGT CAATTCATTCAAGARATTTTAATTTGACCCCT
P56-1_Contig-680 457} GGTGGAGACT TGACTTGTAGTAATAT T TATARGTTGTA!
P56-1_Contig 7226 376]_CATAGCTTCAATGOTTTACATTTAATGGCCT TTTCCTTGACARATTAGGGATTTTCGGAGCTCTTGATTTTAGGGTTTATGGGTTCTTGCTTGATTGAGAT TGACT TTGGGATGGA
P56-1_Contig-808 625, T TAGCGT! TGGTGTTGACG!
P56-1_Contig-830 435] T6GTT TTICTCCTTTTTGTTTCCARATT T TTGAGTT TGAAGGAACT 6T

P56-1_Contig-6729 383 TAGTTTCT TTTTCTCACATTGCCAAGATTCTTATT TTCTTTTATATCTT TTCTGTCGT TTGAC
P56-1_Contg-965 423 TGCGCTCCATTGCAATT TCCGATTCTTCCATTAAGTCTTCTT TATTGTGATATAT

P56-2 Contig-1085 325 AATGAATATTTGGTTTAGAT TTAAGTATTCGGAGTCGTTATT TCOGCCTTTTTAGTTGATTTTATTGAACGAT TAATAA
P56-2_ Contig-1131 319 TATCAATCTTGACTTGIT TCAACCGATTCGAT TTGACT
P58-2_Contig-1464 40.5] TATAT TGTCAT TTATTAAACCCCTTAATTGTAGGTT TTCCT TATGCTC
P58-2_Contig-1487 3 T TGTTGATACTTGGTTGAT TCTGGGGATTTTGTAAMAGATTGGAARTCTT TATATTATAATGE]
P56-2 Contig 1679 629 TAGCGTT TGGTGITGACG!
P56-2 Contig-225 302 ceAT TATGGTTCAAAT TTATTTTCATAATTTGAATGATT TAGACGTTAAAARAATATT) T TTATTCTTGATTTTTTAATGAATCC
P56-2_Contig-2259 375 TTTITT TATTTTT TTTTATTT

P56-2_Contig-2811 37.2]_TAGTTCAGATTGTAGAGCT TICAGATACTTTGCT TTGATTAATCATGTT TTTTATTCCTTTGGGAATTTGTCTTTT TCTGTTTCCCARTTATTTT T
P56-2 Conlig-282 431 T T TTTCATGTAMCTTTGGTGAACT T
P56-2_Contig-3038 369 TCATGTTGATACTGATTT TGATTCAGATGGT TCAATTC
P58-2_Contig-3138 280] AT TCAAAT' TCTCTGTATCTTTCT TCTGACATTTCCGATT TTAT

P56-2_Contig-3259 335/ TITATTTCGTCCTTTATITATTTTCATITCTT TTGTCGATATTTCCGATTAAATCTTTGTATTCCTAGTTAT TTGTGGTTATT

P56-2_Contig-39 491 TATTATCT TTACCTTTTTGTGATTGITGT TGCTGTGT TaT TTGACGCAGE
P58-2_Contig-4776 271 TCTCGTTT TTTT TCTAAACCTTTGGTATAGGTTCAAATCCTATTGGACGC
P56-2_Contig4895 519 ToceT TGTTGTGGAGGAT/
P56-2_Contig-5245 321] TTTGAATTACTATATTTTTTATT: TTTTTARCAT TGACAGTAGT!

P56-2 Conlig-675 327, T TTTGTTTCAATTTTGTTATAGATCGT TTTTAGCTATTTAAATATCTTCTCCARATTCCATTGGGAT TTATTAGAAGAATT

P56-2 Contig-793 348 cTaGT TeT TTGAATTTTAGCAAT TAARTTT

P56-2_Contig-925 629 Gr T TCGGCTTTTATGL
P59-1_Contig:6 327, TTTTATACGCTITT, TACATTTAATGGTCTTTTTCCAGAACAT Tor TTTCTCATCGTTTARTCCTTTAG
P59-1_Contig-93 296, TTGCTTCTTTATTTTTTTTTTTACTCCATAT STTT

P59-2_Contig-89 439] AGAAAAGCTTGAAGAACCATTGGT TTGAGGAGAAA
P59-3_ Contig-116 330]_TTATTTACTATTTATATCTITGT TGATTGT TGGTCGCCTTTT T T GTCTTTARATTTTCAATGTTGTTAGACATACCTGAAGATTTTTCT!
P59-3 Contig:25 343| TTATATGCTTTTCCAGAACATTTTACTCCATTTCTTTATGT TTTATCCTTTAGGTTAMTT TTACCATARGCT TITICGTT TCTCACT
P50_Conlig-1006 395 TTAAGATCGGTTATTATGT NTTCCAGGTTGCTTTTTTCTTGTATGTTCT TATTGGTTGATCGGTTGGCTAAGTT/ TACTGAT!
P60_Contig-113 464 TTCCAT TeTee
P60_Contig-1436 393 TTATCTGGCCTTGTGGAT TCATT TATGTCCCCTTATAGTTTACACTTACAGGT TTCTACAATTTTTTCTCTTTTTGTTGTGTCATAATTTCTCTT TAGAAGGCATGGGTGGTACTTAATATTTGTTTCCCGCATGTAG
P60_Contig-1537 | Taraxacum wiroid-like circular RNA 1 (+) strand 46.1 1T \TTACCCT! TTATCTCCTCT STTTTTCCGAAACCTT! 7T TAACCGTA
P50_Conlig-234 508 T
P60_Contig-2553 289 TGAATTTT TGGTTTGT TGGGTCCAT TTTTGCTTTGATATTATACTT TGTCTTT

P60_Contig-308 52.3] TGACGAGGACGTACCAGAGAGTTGGATAGTTGCGCGGCGAGTTGAGTCCTT ATGTTCCGATT TACGGCTCAGATATT \GAC T
P60_Conlg-396 522] ACGAT TGCATGGCCT T TTACATCG(
P60_Conlig4789 552 T TITTITTCCTT

P60_Contig4864 | T araxacum viroid-like circular RNAT (- srand 461 TGTGT TCTTAACCGTTTCGTTCTT

P60_Conlig-576 368] 375 TGAGATCTTATGTCCCAGAAATAAGAGGATTTTAGTTTCGTCTATGTAGGTTTGACCAGT GCCARATACAGTGGTGCAGGGTTTTATGACCATTCTGCTGGTTATTCTTTGATTTGTATAATCTCTTCAACTTTAMCAATACT GGATATTCATCTTTCAATGTGACACGAAC
P60_Contig-789 282] 387] GTTTAATGGTTTTAGGT! TATCGTT T TATGTGATTCGGAT il TTCGAATTTGTT]
P50_Conlig-809 367 447 TGTTTAMMAATGTTTTC TCGTGGTTT oA
P60_Contig 8442 275 480] ACAGCAT T TGCCAACAGTT

P60_Contig-931 273] 425 GrT6CTG0GET TCGATT TTeT TGGTTTGGGCTTTTTACTT
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Supplementary Figure 1-01. Genomes of new virus species discovered under family Partitiviridae, order Durnavirales.

Supplementary Figure 1. Genome organization of novel viruses or first full genomes of known viruses, showing known and putative open reading frames and the
protein it codes for, and predicted secondary structures of selected viroid-like circular RNAs detected in this study. Note: Genome length in number of bases are
shown with a scale. For full information on genome length, protein domains, efc., please refer to Supplementary Table 5, and the corresponding accession in
GenBank.
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Supplementary Figure 1-01 (continued). Genomes of new virus species discovered under family Partitiviridae, order Durnavirales.

Supplementary Figure 1 (continued). Genome organization of novel viruses or first full genomes of known viruses, showing known and putative open reading
frames and the protein it codes for, and predicted secondary structures of selected viroid-like circular RNAs detected in this study. Note: Genome length in number
of bases are shown with a scale. For full information on genome length, protein domains, efc., please refer to Supplementary Table 5, and the corresponding
accession in GenBank.
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Supplementary Figure 1-02. Genomes of new virus species discovered under Geminiviridae (order Geplafuvirales).

coat protein RNA-dependent RNA polymerase

1,000 2,000 3Jjo00 4,000 5,000
| | | | |

o >_ > Koper totivirus 1

coat protein RNA-dependent RNA polymerase
1,000 2,000 3,000 4,000
| | | | ..
- >_ >. Koper totivirus 2
1.000 2,000 3,000 4000
coat protein RNA-dependent RNA polymerase
L g Koper totivirus 3

Supplementary Figure 1-03. Genomes of new virus species discovered under Toftiviridae (order Ghabrivirales).

Supplementary Figure 1 (continued). Genome organization of novel viruses or first full genomes of known viruses, showing known and putative open reading
frames and the protein it codes for, and predicted secondary structures of selected viroid-like circular RNAs detected in this study. Note: Genome length in number
of bases are shown with a scale. For full information on genome length, protein domains, efc., please refer to Supplementary Table 5, and the corresponding
accession in GenBank.
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Supplementary Figure 1-04. Genomes of new virus species discovered under family Caulimoviridae (order Ortelivirales).

Supplementary Figure 1 (continued). Genome organization of novel viruses or first full genomes of known viruses, showing known and putative open reading
frames and the protein it codes for, and predicted secondary structures of selected viroid-like circular RNAs detected in this study. Note: Genome length in number
of bases are shown with a scale. For full information on genome length, protein domains, efc., please refer to Supplementary Table 5, and the corresponding
accession in GenBank.
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Supplementary Figure 1-04 (continued). Genomes of new virus species discovered under family Caulimoviridae (order Ortelivirales).

Supplementary Figure 1 (continued). Genome organization of novel viruses or first full genomes of known viruses, showing known and putative open reading
frames and the protein it codes for, and predicted secondary structures of selected viroid-like circular RNAs detected in this study. Note: Genome length in number
of bases are shown with a scale. For full information on genome length, protein domains, efc., please refer to Supplementary Table 5, and the corresponding
accession in GenBank.
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Supplementary Figure 1-05. Genomes of new virus species discovered under family Dicistroviridae (order Picornavirales).
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Supplementary Figure 1-06. Genomes of new virus species discovered under family /flaviridae (order Picornavirales).

Supplementary Figure 1 (continued). Genome organization of novel viruses or first full genomes of known viruses, showing known and putative open reading
frames and the protein it codes for, and predicted secondary structures of selected viroid-like circular RNAs detected in this study. Note: Genome length in number
of bases are shown with a scale. For full information on genome length, protein domains, efc., please refer to Supplementary Table 5, and the corresponding

accession in GenBank.
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Supplementary Figure 1-07. Genomes of new virus species discovered under family Secoviridae (order Picornavirales).

Supplementary Figure 1 (continued). Genome organization of novel viruses or first full genomes of known viruses, showing known and putative open reading
frames and the protein it codes for, and predicted secondary structures of selected viroid-like circular RNAs detected in this study. Note: Genome length in number
of bases are shown with a scale. For full information on genome length, protein domains, efc., please refer to Supplementary Table 5, and the corresponding

accession in GenBank.
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Supplementary Figure 1-08. Genomes of new virus species discovered under genus Polerovirus, family Solemoviridae (order Sobelivirales). Note: RARP -
RNA-dependent RNA polymerase, MP - movement protein, CP - coat protein.

Supplementary Figure 1 (continued). Genome organization of novel viruses or first full genomes of known viruses, showing known and putative open reading
frames and the protein it codes for, and predicted secondary structures of selected viroid-like circular RNAs detected in this study. Note: Genome length in number
of bases are shown with a scale. For full information on genome length, protein domains, efc., please refer to Supplementary Table 5, and the corresponding
accession in GenBank.
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Supplementary Figure 1-09. Genome of new virus species discovered under genus Potexvirus, family Alphaflexiviridae (order Tymovirales).
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Supplementary Figure 1-10. Genome of new virus species discovered under genus Vitivirus, family Betaflexiviridae (order Tymovirales).
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Supplementary Figure 1-11. Genome of new virus species discovered under genus Albetovirus, under unclassified satellite viruses.

Supplementary Figure 1 (continued). Genome organization of novel viruses or first full genomes of known viruses, showing known and putative open reading
frames and the protein it codes for, and predicted secondary structures of selected viroid-like circular RNAs detected in this study. Note: Genome length in number
of bases are shown with a scale. For full information on genome length, protein domains, efc., please refer to Supplementary Table 5, and the corresponding
accession in GenBank.



152

Appendix A. Supplementary Materials of Publications

5(|JO 1,0IOO 1.5I0(] Z,OIGU Z,SIUG 3.0IUU
polyprotein(Mtr,RARP)
(domains: methyl transferase, RNA-dependent RNA polymerase) Koper noda-like virus 4
5?0 l,CiOO 1,500I
RNA-dependent RNA polymerase
. = Tomato associated partiti-like virus 1
1,000

unknown protein

2,000 3,000
|

RNA-dependent RNA polymerase

—

Tomato associated tombus-like virus 1

2,000 4,000 6,000 8,000 10,000
[ I [ I

polyprotein (Hel, Peptidase, RARP)

\unknown
coat protein-like unknown

A 4

Novo Mesto picornavirus 1

Supplementary Figure 1-12 (continued). Genome of new but unclassified virus species discovered under Realm Riboviria.

Supplementary Figure 1 (continued). Genome organization of novel viruses or first full genomes of known viruses, showing known and putative open reading
frames and the protein it codes for, and predicted secondary structures of selected viroid-like circular RNAs detected in this study. Note: Genome length in number
of bases are shown with a scale. For full information on genome length, protein domains, efc., please refer to Supplementary Table 5, and the corresponding

accession in GenBank.
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Supplementary Figure 1-12 (continued). Genome of new but unclassified virus species discovered under Realm Riboviria.

Supplementary Figure 1 (continued). Genome organization of novel viruses or first full genomes of known viruses, showing known and putative open reading
frames and the protein it codes for, and predicted secondary structures of selected viroid-like circular RNAs detected in this study. Note: Genome length in number
of bases are shown with a scale. For full information on genome length, protein domains, efc., please refer to Supplementary Table 5, and the corresponding

accession in GenBank.
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Type of structure formed is color coded as follows: E

Green: Stems (canonical helices)
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:5"and 3' unpaired region

Taraxacum viroid-like circular RNA 1 o E
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Supplementary Figure 1-13. Predicted secondary structures of selected viroid-like circular RNAs detected in this study.

Supplementary Figure 1 (continued). Genome organization of novel viruses, or first full genomes of known viruses
showing known and putative open reading frames and the protein it codes for, and predicted secondary stuctures of
viroid-like circular RNAs detected in this study. Note: Genome length in number of bases are shown with a scale. For

full information on genome length, protein domains, etc., please refer to Supplementary Table 5 (of the Supplementary
Information), and the corresponding accession in GenBank.
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Supplementary Figure 1-13 (continued). Predicted secondary structures of selected viroid-like circular
RNAs detected in this study.

Supplementary Figure 1 (continued). Genome organization of novel viruses, or first full genomes of
known viruses showing known and putative open reading frames and the protein it codes for, and predicted
secondary stuctures of viroid-like circular RNAs detected in this study. Note: Genome length in number of
bases are shown with a scale. For full information on genome length, protein domains, etc., please refer to
Supplementary Table 5 (of the Supplementary Information), and the corresponding accession in GenBank.
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Supplementary Figure 1-13 (continued). Predicted secondary structures of selected viroid-like circular
RNAs detected in this study.

Supplementary Figure 1 (continued). Genome organization of novel viruses, or first full genomes of
known viruses showing known and putative open reading frames and the protein it codes for, and predicted
secondary stuctures of viroid-like circular RNAs detected in this study. Note: Genome length in number of
bases are shown with a scale. For full information on genome length, protein domains, etc., please refer to
Supplementary Table 5 (of the Supplementary Information), and the corresponding accession in GenBank.
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Supplementary Figure 1-13 (continued). Predicted secondary structures of selected viroid-like circular
RNAs detected in this study.

Supplementary Figure 1 (continued). Genome organization of novel viruses, or first full genomes of
known viruses showing known and putative open reading frames and the protein it codes for, and predicted
secondary stuctures of viroid-like circular RNAs detected in this study. Note: Genome length in number of
bases are shown with a scale. For full information on genome length, protein domains, etc., please refer to
Supplementary Table 5 (of the Supplementary Information), and the corresponding accession in GenBank.
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Supplementary Figure 1-13 (continued). Predicted secondary structures of selected viroid-like circular
RNAs detected in this study.

Supplementary Figure 1 (continued). Genome organization of novel viruses, or first full genomes of
known viruses showing known and putative open reading frames and the protein it codes for, and predicted
secondary stuctures of viroid-like circular RNAs detected in this study. Note: Genome length in number of
bases are shown with a scale. For full information on genome length, protein domains, etc., please refer to
Supplementary Table 5 (of the Supplementary Information), and the corresponding accession in GenBank.



Supplementary Table 7. RT-PCR primers and PCR conditions used in confirmation of associated plant hosts of selected viruses and a putative viroid. Note:

GenBank accession numbers of the species indicated above are in Supplementary Table 5.

Lenath Target genome region Annealing ~ Amplicon
No. Target virus name Primer ID Strand  Sequence (5—3) (basge ) (start, end position / gene(s))  tempera-  size
Start End Gene ture. (°C)  (bases)
P NFimo1-F forward ACATGGAAGTGACAGGTTCTCC 22
01 Artemesia fimovirus 1 NFimol-R _ reverse ATAGTTGACGCCTACCCATTGC 22 5889 6435 RdRP o o
: I NGemi1-F forward CAGAACCTCAACCTTCCATTCC 22 .
02 Calystegia geminivirus 1 NGemi1-R reverse  CCAATCAGCTCTTTCCAGTGC 91 248 817 replicase 57 570
. NPoty1-F forward AGGCTAGAGATCGCAAACTTGG 22 .
03 Plantago potyvirus 1 NPoty1-R reverse  CAACTTTATCCGTGCTCTGTGG 2 5687 6550 polyprotein 57 864
) NPoty2-F forward ACATACGGCTCAGCTTTCTTCC 22 .
04 Mentha macluravirus 1 NPoty2-R roverse  GGCACAGAGAACTTCAACATCG 29 2474 3306 polyprotein 57 833
. NPoty3-F forward GTTGACCTAACCCCTCACAACC 22 .
05 Rumex potyvirus 1 NPoty3-R  reverse CACTACTGGTAGCCCACACTGC 2 7098 7733 polyprotein 57 636
06 broad-leafed dock virus A, NPoty4-F forward GGATGAGGAATATGGAGCTTGG 22 7502 8178  polvorotein 57 677
isolate 2 NPoty4-R  reverse TACTAGGCGGTGGAAGAAAACC 22 polyp
: . NTomb1-F forward GCGAGACTGTCTGTACCACTGC 22
07 Pastinaca umbravirus 1 NTomb1-R reverse  CAGTCGTACCCCCTCTAACTGG 2 2504 3354 RdRP-MP 57 851
. . NTomb2-F forward TCGTGCTGTATAGGGTTCATGG 22
08 Picris umbravirus 1 NTomb2-R _ reverse CAAACTCCCCAAATGGACTACC 22 1846 2839 RdRP o7 4
. NTomb3-F forward GAAAGTCAGCCGAATTGTAGGG 22
09 Convolvulus aureusvirus 1 NTomb3-R  reverse CAATCCAAGTTGGTCCTTCTCC 29 1088 1814 RdRP 57 727
. . NTomb4-F forward GCCGAATGAGGGTATGTTTAGG 22
10 Calystegia pelarspovirus 1 NTombd-R  reverse GTTCCGCTGTTCTTCAACTGG 21 1019 1594 RdRP 57 576
. . . NTomb6-F forward GGAGAAACATGAGGAACGAACC 22
11 Cichorium alphacarmovirus 1 NTomb6-R reverse  AGAAAACCCTTTCCAGGAGACC 2 322 989 RdRP 57 668
. . NAflex1-F forward CACAGTGGATGAGGATGTAGCC 22 polypro-
12 Pastinaca potexvirus 1 NAflex1-R reverse  TTOGTAAGCTGAGCTGAGTTGG 2 3565 4542 o ToR 57 978
13 plant associated tobamo-like  NVirga1-F forward CTTCACCTGTCTCAGTGAGGAC 22 115 59 i 55 408
virus 1 NVirgal-R  reverse TATGAGTTGCGATGGGTAGACG 22 replicase
. NVirga2-F forward AACGCACTATCCGAGCTATCTG 22 .
14 Plantago tobamovirus 1 NVirga2-R reverse  TACAGCCACCCTAAACCATGTC 2 1720 2421 replicase 55 702
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. . NTospo1-F forward TAGAGCCGAAGATGTTGTGGAC 22 L gene
15 Mercurialis orthotospovirus 1 NTosEo‘I-R reverse  GTCAGCGACCATTAAGCCTTTG 2 1661 2291 (R%RP) 55 631
16 tomato associated bunya-like NTospo2-F  forward CGAAAGGAGGCGATAGTGATGC 22 7100 7615 L gene 56 507
virus 1 NTospo2-R  reverse CTGCGTCATCCCTACCTGATAC 22 (RdRP)
s NBflexi1-F forward TCTTTCCCCTCTTGATCTGTGC 22 movement
17 tomato vitvirus NBfiexil-R___reverse GTGAACCCTGAATTGGTTGAGC gp 1057 10 otein % e
. NBromo1-F  forward AAGTTTCGAGACCTTTGCGTTG 22 movement
18  Prunus virus | NBromol-R  reverse CTCAAACACACTTCCGCTTCAG 2 826 1699 protein 55 874
- NBromo2-F  forward ACATGGCGTTAGATGGTAGGTC 22 movement
19 tomato ilarvirus 1 NBromo2-R  reverse AAATTCGCAGACAAGGTTCGTG 2 945 1824 protein 55 880
20 Ranunculus white mottle RWMV-F forward TGTGTGTTCATCTCTCTTCTGC 22 804 1296 coat 54 493
ophiovirus RWMV-R reverse ACAGGGAAGTGAATCACACCTA 22 protein
21 tomato betanucleorhabdo- NRhabdo1-F  forward GACGGTAGGTTACAATCTCC 20 12078 12589 L gene 55 519
virus 1 NRhabdo1-R reverse TGATAGGGCTAGGATATGGG 20 (RdRP)
. . NRhab3-F forward GAGGAAAAAGTCTGTCATGGAC 22 L gene
22 Pasiinaca cylorhabdovirus 1 nphaha R reverse  GCAAGGTAATAATAGCACTCGG 2 135195 ciop %2 531
23 tomato betanucleorhabdo- NRhab4-F forward TTCCTGTTCATTATCACAATGC 22 4979 4874 L gene 51 506
virus 2 NRhab4-R reverse GTTAGTTGACCAAGAGTACCAG 2?2 (RdRP)
24 Picris betanucleorhabdo- NRhab5-F forward ATTGTTACACGATATTGCTGGG 22 3300 3816 L gene 50 517
virus 1 NRhab5-R reverse  TTCCTCATATCTCCACCTCAAC 22 (RdRP)
. . NRhab6-F forward TTTAGTTAGATCATTCACGGCG 22 L gene
25  Cirsium cytorhabdovirus 1 NRhabB-R reverse  TGAGGTCCCTTGATAATCGATC 29 2204 2742 (RdRP) 52 539
26 Taraxacum NRhab7-F forward ATAGTTCGGACAGATCAAGGAG 22 5196 5757 L gene 52 562
betanucleorhabdovirus 1 NRhab7-R reverse ATCTCAAATGTTTGCCACTCTC 22 (RdRP)
L . NRhab8-F forward TCGACCAAAAGATAACAACGAC 22 L gene
27 Picris cytorhabdovirus 1 NRhab8-R  reverse CTTTGAAAATCACTAGTCCGGG 22 5798 6389 (R%RP) 52 592
28 Taraxacum cytorhabdovirus ~ NRhab9-F forward CTGTATGTGGTGAAGTCAATGG 22 9799 3347 L gene 52 549
1 NRhab9-R reverse  TCTCATTCTTTTCGCTTCTTCG 22 (RdRP)
29 tomato alphanucleorhabdo- ~ NRhab10-F  forward GATTGTATTTCCCACTACGGACAAC 25 3182 4230 L gene 55 1049
virus 1 NRhab10-R  reverse CATACCATCATCACATAGTGTTGGC 25 (RdRP)
30 Leveillula taurica associated ~ NRhab2-F forward CCACATTATGACACAAGACCAG 22 330 844 L gene 52 515
rhabdo-like virus 1 NRhab2-R reverse TAAGCTTTGTTACCTAACGCAC 22 (RdRP)
31 eggplant mottled dwarf EMDV-F forward  TACTCATTACACAAAGAGAAGC 22 143 699 L gene 51 557

alphanucleorhabdovirus EMDV-R reverse  CGGTATAGTTATACTAGCAGCA 22 (RdRP)
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32 Physostegia chlorotic mottle  PhCMoV-F  forward ATAGTGACATTCTGTTTGACCG 22 2810 3463 L gene 52 654
alphanucleorhabdovirus PhCMoV-R  reverse CCCATACTACCCATTATTCTGC 22 (RdRP)
. . ToFBV-R3-F  forward GTGGTTATTATGGATATACCTGCG 24 coat
33 tomato fruit lotch virus TOFBV-R3-R__reverse GAGAGAACACAAAACAAGAAGC 2 654 BT orotein 52 e
. I SnlV-R3-F forward GTATGAAAACTTCAACCTCTCC 22 coat
34 Solanum nigum lanirus 1 gy R R reverse  ATATAGCTACCCAGAAATCAGC 22 1248 1916 iotein 52 669
. . TMaV-F forward ACTAGCCGTTATATTTAGTGGG 22 .
35 tomato matilda virus TMaV-R reverse  CTACTATACTGAGAACTCCTTTCC 4 5293 5900 polyprotein 52 608
36 Taraxacum viroid-like NVrd1-F-LP  forward TCGGCTAGTCTTTTTCGGTAAC 22 138 392 not 55 955
circular RNA 1 NVrd1-R-LP  reverse AGGTGAAAGCCTTTCCCTATCC 22 applicable
(Note: LP - linear amplification, ~ NVrd1-F-C primer 1 GGCTCGCTTAGACTCTACAAATTG 24 277 291 not 55 433
C - circular amplification) NVrd1-R-C primer2 CTGGTTTGAGTCTTAGAACTGACC 24 (+)strand  (-)strand applicable

Supplementary Table 8. RT-PCR thermocycling conditions used in the detection of selected viruses and putative viroids in associated plant hosts.

Reverse transcription step (2 sub-steps):

30 min at 50°C
15 min at 95°C

PCR step (3 sub-steps):

0.5 min at 94°C

0.5 min at annealing temperature (°C) in Table §7

1.0 min at 72°C

Extension step:

10 min at 72°C

} 35 cycles
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[57 ]GATACACATCTCTCGACGGCTAGTTTTCCGACCAGGCTGTCGACTTCAAGAAGTGGATTACCCTTCCTACAGGGTTTATCTCCTCT TGAAGGA
Taraxacum viroid-like circular RNA 1 (+)51rand GCTCCTCTTAGAGAGGGGGTCTAAAGGTTTTTCCGAAACCTTTATCGGCTAGTCTTTTTCGGTAACTAGTTAACCGTAGGTAGATGTGTGTCTACCC

. . . . . . €« [37 ]GTTAAACATCTCAGATTCGCTCGG[5" ]
Note: Primer shown, highlighted in yellow, is TGATGAGTTCGAAAGAACGARACGGTTAAGAACCTCTTCCTTAATCGGAGACTGGT TCCAACACRATT TGTAGAGTCTAAGCGAGCCTCCCCAGATC

NVrd1-F-C listed in Table S7. Direction of

. . s TRAATCTGGTTTGAGTCTTAGAACTGACCTACATCTCTACCTTTCAGTAGAGTATAGTGTTAGRAACCTCCTCTTCTATTCTGGTGGATAGGGARAGGC
amplification is indicated by an arrow.

TTTCACCTTTCTCCTCTCCGAAGGAGGGTCTTGCCGTTTCGTCCTTTTGGACTCATCGGGAGA[3' ]

[3' ]CTATGTGTAGAGAGCTGCCGATCARAAGGCTGGTCCGACAGCTGAAGTTCTTCACCTARTGGGAAGGATGTCCCARATAGAGGAGAACTTCCT
Taraxacum viroid-like circular RNA 1 (-)strand CGAGGAGRATCTCTCCCCCAGATTTCCAARRAGGCT TTGGARATAGCCGATCAGAARRAGCCATTGATCARTTGGCATCCATCTACACACAGATGGG
n . . . . ACTACTCAAGCTTTCTTGCTTTGCCAATTCT TGGAGAAGGAATTAGCCTCTGACCAAGGTTGTGTTAAACATCTCAGATTCGCTCGGAGGGGTCTAG
Note: Primer shown, highlighted in yellow, is N h

NVrd1-R-C listed in Table S7. Direction of [5’ ] CTGGTTTGAGTCTTAGAACTGACC [3' ]
. . .« . ATTAGACCAAACTCAGAATCTTGACTGGATGTAGAGATGGAAAGTCATCTCATATCACAATCTTGGAGGAGAAGATAAGACCACCTATCCCTTTCCG
amplification is indicated by an arrow.

ARAGTGGAAAGAGGAGAGGCTTCCTCCCAGRRACGGCRARAGCAGGARRACCTGAGTAGCCCTCT([5" ]

?Tl} 74‘0 ?TD ?I‘iﬂ 3?0 ]7‘0 !?0 3?0
(B) Primerl Primer2

newViroid1-circular GAAACGGTTAAGAACCTCTTCCTTAATCGGAGACTGGTTCCAACACAATTTGTAGAGTCTAAGCGAGCCTCCCCAGATCTAATCTGGTTTGAGTCTTAGAACTGACCTACATCTCTACCTTTCAGTAGAGTATAGTGTTAGAACCTCCTCTTCTATTCT

Consensus GAAACGGTTAAGAACCTCTTCCTTAATCGGAGACTGGTTCCAACACAATTTGTAGAGTCAAAGCGAGCC

IN5120252-1000x-55C-Circ-Primer2 GAAACGGTTAAGAACCTC
INSI20252-1000x-55C-Circ-Primerl GAAACGGTTAAGAACCTC
INSI120252-1000x-57C-Circ-Primerl GAAACGGTTAAGAACCT C AATCGGAGACTGGTTCCAACACAA
INSI120252-1000x-57C-Circ-Primer2
IN5120252-1000x-55C-Circ-Primer2
INSI20252-1000x-55C-Circ-Primerl
INSI120252-1000x-57C-Circ-Primerl

Linear, partial, 255 bp, 55°C circular, full, 447 bp, 55°C circular, full, 447 bp, 57°C . . .
(C) P ? Rk P ? Supplementary Figure 2. Primer design and RT-PCR tests for
x S x 35 x 8 Taraxacum viroid-like circular RNA 1. (A) Orientation and annealing
588 588 588 . . . . .
STz STz S22 sites of the primers designed to amplify the circular genome of
588333 588333 588%%2 Taraxacum viroid-like circular RNA 1. (B-C) Reassembly of selected
PO SIS R PO SR PP I ST . . )
RERSEYS 4 R8RS ES 4 RRESSE o sequenced amplicons form the RT-PCR tests (B) in samples with
£ 553 gggs O EE S8 o S 5335 g increasing dilution factors shown in (C). Abutting primers are shown
zZZZaaa = zZ ZZ2aaa = zZ ZZ aaa =

in green arrows, demarcating the 14 nucleotide gap between them
(B). Note: In (C): NTC1, NTC2 — non-template controls; NKI-B25 -
negative control of isolation in the RNA extraction, INSI20252 -
Taraxacum officinale sample, P60-TUR20SW - sequenced

500 bp
composite sample where INSI20252 belong.

250 bp
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Supplementary Table 9. List of confirmed associated plant hosts of selected viruses. For information related to the individual plant samples and the composite
samples, please refer to Supplementary Table 1 and 2. Note: In most of the cases infection of multiple viruses in individual plants with cannot be excluded,
except if stated otherwise.

No.  Virus name Sample ID Tissue  Plant species name Plant family Symptoms (if any)
01 Artemesia fimovirus 1 INSI20094 leaf Artemisia veriotiorum Asteraceae mild leaf yellowing
02 Calystegia geminivirus 1 INSI20122 leaf Calystegia sp. Convolvulaceae leaf yellowing with crumpling deformation
03 Plantago potyvirus 1 INSI19064 leaf Plantago lanceolata Plantaginaceae interveinal leaf yellowing with deformation
04 Mentha macluravirus 1 INSI20169 leaf Mentha spicata Lamiaceae mild leaf yellowing with a few necrotic spots
05 Rumex potyvirus 1 INSI20188 leaf Rumex sp. Polygonaceae ring-like chlorotic lesions and red spots on leaves
INSI20199 leaf Convolvulus sp. Convolvulaceae leaf chlorosis
06 Broad-leafed dock virus A, isolate 2 INSI20253 leaf Rumex crispus Polygonaceae leaf chlorosis with mottling
07 Pastinaca umbravirus 1 INSI19137  leaf Pastinaca sativa Apiaceae necrotic spots, mosaic on leaves
INSI19156 leaf Pastinaca sativa Apiaceae irregular leaf chlorosis
INSI20168 leaf Pastinaca sativa Apiaceae irregular leaf chlorosis
08 Picris umbravirus 1 INSI19136 leaf Picris echoides Asteraceae necrotic leaf lesions
INSI20082 leaf Picris echoides Asteraceae chlorotic leaf spots
09 Convolvulus aureusvirus 1 INSI20072 leaf Convolvulus arvensis Convolvulaceae necrotic leaf lesions
INSI20073 leaf Convolvulus arvensis Convolvulaceae leaf curling with mild yellowing
10 Calystegia pelarspovirus 1 INSI20122 leaf Calystegia sp. Convolvulaceae leaf yellowing with crumpling deformation
INSI20163 leaf Calystegia sp. Convolvulaceae necrotic leaf lesions with yellow halo
11 Cichorium alphacarmovirus 1 INSI19123 leaf Cichorium intybus Asteraceae leaf mosaic, leaf dwarfing and deformation
INSI20074 leaf Cichorium intybus Asteraceae necrotic leaf lesions
INSI20075 leaf Picris echoides Asteraceae leaf mosaic
INSI20078 leaf Picris echoides Asteraceae redness of leaves, necrosis on flowers
INSI20082 leaf Picris echoides Asteraceae chlorotic leaf spots
12 Pastinaca potexvirus 1 INSI19137 leaf Pastinaca sativa Apiaceae necrotic spots, mosaic on leaves
13 Plant associated tobamo-like virus 1 INS119082 leaf Convolvulus arvensis Convolvulaceae with powdery mildew colonization / infection
INSI120147 leaf Solanum lycopersicum  Solanaceae none (asymptomatic)
INSI20152 leaf Solanum lycopersicum  Solanaceae none (asymptomatic)
INSI20157 leaf Solanum lycopersicum  Solanaceae none (asymptomatic)
INSI20158 leaf Solanum lycopersicum  Solanaceae none (asymptomatic)
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No. Virus name Sample ID Tissue  Plant species name Plant family Symptoms (if any)
INSI20159 leaf Solanum lycopersicum  Solanaceae none (asymptomatic)
INSI20146 leaf Solanum lycopersicum  Solanaceae interveinal leaf yellowing
INSI20148 leaf Solanum lycopersicum  Solanaceae interveinal leaf yellowing
INSI120149 leaf Solanum lycopersicum  Solanaceae interveinal leaf yellowing
INSI20150 leaf Solanum lycopersicum  Solanaceae interveinal leaf yellowing
INSI20151 leaf Solanum lycopersicum  Solanaceae interveinal leaf yellowing
INSI20154 fruit Solanum lycopersicum  Solanaceae irregular yellow discolorations on fruits
INSI20155  fruit Solanum lycopersicum  Solanaceae iregular yellow discolorations on fruits
INSI20156 fruit Solanum lycopersicum  Solanaceae irregular yellow discolorations on fruits
INSI20156F  fruit Solanum lycopersicum  Solanaceae irregular yellow discolorations on fruits
14 Plantago tobamovirus 1 INSI19124 leaf Plantago major Plantaginaceae leaf mosaic
15 Mercurialis orthotospovirus 1 INSI19080 leaf Mercurialis annua Euphorbiaceae leaf chlorosis with slight deformation
INSI19098 leaf Mercurialis annua Euphorbiaceae leaf chlorosis with deformation and necrotic lesions
INSI19121 leaf Mercurialis annua Euphorbiaceae none (asymptomatic)
INSI20111 leaf Mercurialis annua Euphorbiaceae leaf deformation
INSI20112 leaf Mercurialis annua Euphorbiaceae necrotic leaf spots, shot-hole symtpoms
16 Tomato associated bunya-like virus 1 INSI20083  leaf Solanum lycopersicum  Solanaceae leaf yellowing with necrotic lesions
INSI20084 leaf Solanum lycopersicum  Solanaceae leaf yellowing
INSI20085 leaf Solanum lycopersicum  Solanaceae leaf yellowing with necrotic lesions
INSI20088 leaf Solanum lycopersicum  Solanaceae leaf deformation
INSI20088F  fruit Solanum lycopersicum  Solanaceae yellow discoloration
INSI20089 leaf Solanum lycopersicum  Solanaceae leaf yellowing with necrotic lesions
INSI120090 leaf Solanum lycopersicum  Solanaceae leaf yellowing with necrotic lesions
17  Tomato vitivirus 1 INSI20124 leaf Solanum lycopersicum  Solanaceae necrotic leaf lesions
INSI20124F  fruit Solanum lycopersicum  Solanaceae yellow discoloration on fruits, necrosis on sepals
18  Prunus virus | INSI20078 leaf Picris echoides Asteraceae red discolorations on leaf and sepal tips
19 Tomato ilarvirus 1 INSI20087  leaf Solanum lycopersicum  Solanaceae none (asymptomatic)
20 Ranunculus white mottle ophiovirus INSI19037 leaf Solanum lycopersicum  Solanaceae necrotic leaf spots
INSI19040 leaf Solanum lycopersicum  Solanaceae necrotic leaf spots, discoloration on fruits
INSI19042 leaf Solanum lycopersicum  Solanaceae necrotic leaf spots
INSI19043 leaf Solanum lycopersicum  Solanaceae mild leaf chlorosis
INSI19073 leaf Solanum lycopersicum  Solanaceae none (asymptomatic)
INSI19074 leaf Solanum lycopersicum  Solanaceae leaf yellowing with necrotic lesions
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No. Virus name Sample ID Tissue  Plant species name Plant family Symptoms (if any)
INSI19074 leaf Solanum lycopersicum  Solanaceae leaf yellowing with necrotic lesions
INSI19102 leaf Solanum nigrum Solanaceae none (asymptomatic)
INSI20177 leaf Solanum lycopersicum  Solanaceae leaf folding
INSI20177F  fruit Solanum lycopersicum _ Solanaceae fruit deformation, cracking
21 Tomato betanucleorhabdovirus 1 INSI19008 leaf Sofanum lycopersicum  Solanaceae leaf folding
22 Pastinaca cytorhabdovirus 1 INSI19137 leaf Pastinaca sativa Apiaceae necrotic spots, mosaic on leaves
23 Tomato betanucleorhabdovirus 2 INSI20041 leaf Solanum lycopersicum  Solanaceae none (asymptomatic)
INSI20068 leaf Solanum lycopersicum  Solanaceae none (asymptomatic)
INSI20123 leaf Solanum lycopersicum  Solanaceae leaf yellowing and deformation, uneven fruit ripening
INSI20132  leaf Solanum lycopersicum  Solanaceae leaf yellowing and deformation
INSI20133 leaf Solanum lycopersicum __ Solanaceae none (asymptomatic)
24 Picris betanucleorhabdovirus 1 INSI20078 leaf Picris echoides Asteraceae red discolorations on leaf and sepal tips
INSI20080 leaf Picris echoides Asteraceae red discolorations on leaf and sepal tips
INSI20138 leaf Picris echoides Asteraceae cholorotic and necrotic spots
25 Cirsium cytorhabdovirus 1 INSI20161 leaf Cirsium arvense Asteraceae leaf yellowing (near leaf lamina)
26 Taraxacum betanucleorhabdovirus 1 INSI20194 leaf Taraxacum officinale Asteraceae systemic leaf chlorosis
INSI20252 leaf Taraxacum officinale Asteraceae interveinal leaf chlorosis
27 Picris cytorhabdovirus 1 INSI20080 leaf Picris echoides Asteraceae red discolorations on leaf and sepal tips
INSI20081 leaf Picris echoides Asteraceae leaf mosaic
INSI20082 leaf Picris echoides Asteraceae red lesions on leaves and midribs
28 Taraxacum cytorhabdovirus 1 INSI20194 leaf Taraxacum officinale Asteraceae systemic leaf chlorosis
29 Tomato alphanucleorhabdovirus 1 INSI20029 leaf Solanum lycopersicum  Solanaceae fruit mottling, showing large irregular shape yellow dents
INSI120030 leaf Solanum lycopersicum  Solanaceae fruit mottling, showing large irregular shape yellow dents
INSI20030F  fruit Solanum lycopersicum  Solanaceae fruit mottling, showing large irregular shape yellow dents
30 Leveillula taurica associated rhabdo- ~ INSI19051 leaf Solanum lycopersicum  Solanaceae leaves with powdery mildew colonization, necrotic spots
like virus 1 INSI19053  leaf Solanum lycopersicum  Solanaceae leaves with powdery mildew colonization, necrotic spots
INSI19054 leaf Solanum lycopersicum  Solanaceae leaves with powdery mildew colenization, necrotic spots
INSI18055 leaf Solanum lycopersicum  Solanaceae leaves with powdery mildew colonization, necrofic spots
INSI19056 leaf Solanum lycopersicum  Solanaceae leaves with powdery mildew colonization, necrotic spots
INSI19058 leaf Solanum lycopersicum  Solanaceae leaves with powdery mildew colonization, necrofic spots
31 Eggplant mottled dwarf INSI20038 leaf Solanum lycopersicum  Solanaceae necrotic spots on leaves
alphanucleorhabdovirus INSI20038F  fruit Solanum lycopersicum  Solanaceae fruit mottling, showing circular yellow dents
INSI20039 leaf Solanum lycopersicum  Solanaceae necrotic spots on leaves
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No. Virus name Sample ID Tissue  Plant species name Plant family Symptoms (if any)
INSI20039F  fruit Solanum lycopersicum  Solanaceae fruit mottling, showing circular yellow dents
32 Physostegia chlorotic mottle INSI19009 leaf Solanum lycopersicum  Solanaceae fruit and leaf mottling and yellowing, leaf folding
alphanucleorhabdovirus INSI20177 leaf Solanum lycopersicum  Solanaceae leaf folding
INSI20177F  fruit Solanum lycopersicum  Solanaceae fruit deformation, cracking
INSI20239F  fruit Solanum lycopersicum  Solanaceae fruit and leaf mottling and yellowing
INSI20242F  fruit Solanum lycopersicum __ Solanaceae fruit and leaf mottling and yellowing
33 Tomato fruit blotch virus INSI19101 leaf Solanum lycopersicum  Solanaceae leaf yellowing with necrotic lesions
INSI19122 leaf Solanum lycopersicum  Solanaceae leaf yellowing with necrotic lesions
34 Solanum nigrumiilarvirus 1 INSI19127 leaf Solanum lycopersicum  Solanaceae none (asymptomatic)
INSI19133 leaf Solanum lycopersicum  Solanaceae none (asymptomatic)
INSI19134 leaf Solanum lycopersicum  Solanaceae mild yellowing and leaf twisting and deformations
INSI20216 leaf Physalis sp. Solanaceae uneven leaf yellowing
35 Tomato matilda virus INSI19073 leaf Solanum lycopersicum  Solanaceae none (asymptomatic)
INSI19085 leaf Solanum lycopersicum  Solanaceae none (asymptomatic)
INSI119086 leaf Solanum lycopersicum  Solanaceae none (asymptomatic)
INSI19087 leaf Solanum lycopersicum  Solanaceae none (asymptomatic)
INSI19088 leaf Solanum lycopersicum  Solanaceae none (asymptomatic)
INSI19089 leaf Solanum lycopersicum  Solanaceae none (asymptomatic)
INSI19091 leaf Solanum lycopersicum  Solanaceae none (asymptomatic)
INSI19092 leaf Solanum lycopersicum  Solanaceae none (asymptomatic)
INSI19093 leaf Solanum lycopersicum  Solanaceae none (asymptomatic)
INSI19081 leaf Solanum lycopersicum  Solanaceae corky symptoms on fruits, leaf yellwoing
INSI19094 leaf Solanum lycopersicum  Solanaceae yellow spots on leaves
INSI19103 leaf Solanum lycopersicum  Solanaceae none (asymptomatic)
INSI19104 leaf Solanum lycopersicum  Solanaceae none (asymptomatic)
INSI19106 leaf Solanum lycopersicum  Solanaceae none (asymptomatic)
INSI19108 leaf Solanum lycopersicum  Solanaceae none (asymptomatic)
INSI19110 leaf Solanum lycopersicum  Solanaceae none (asymptomatic)
INSI19111 leaf Solanum lycopersicum  Solanaceae none (asymptomatic)
INSI19112 leaf Solanum lycopersicum  Solanaceae none (asymptomatic)
INSI19113 leaf Solanum lycopersicum  Solanaceae none (asymptomatic)
INSI19100 leaf Solanum lycopersicum  Solanaceae leaf yellowing with necrotic lesions
INSI19101 leaf Solanum lycopersicum  Solanaceae leaf yellowing with necrotic lesions
INSI19114 leaf Solanum lycopersicum  Solanaceae necrotic leaf lesions
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No.  Virus name Sample ID Tissue  Plant species name Plant family Symptoms (if any)
INSI19115 leaf Solanum lycopersicum  Solanaceae leaf chlorosis with necrotic lesions
INSI18116 leaf Solanum lycopersicum  Solanaceae leaf yellowing with necrotic lesions
INSI19117 leaf Solanum lycopersicum  Solanaceae leaf yellowing with necrotic lesions
INSI19122 leaf Solanum lycopersicum  Solanaceae leaf yellowing with necrotic lesions
INSI19126  leaf Solanum lycopersicum ~ Solanaceae leaf yellowing with necrotic lesions
INSI19128 leaf Solanum lycopersicum  Solanaceae leaf yellowing with necrotic lesions
INSI19129 leaf Solanum lycopersicum  Solanaceae yellow spots on leaves
INSI19134 leaf Solanum lycopersicum  Solanaceae mild yellowing and leaf twisting and deformations
INSI19135 leaf Solanum lycopersicum  Solanaceae leaf yellowing with necrotic lesions
INSI19127 leaf Solanum lycopersicum  Solanaceae none (asymptomatic)
INSI19130 leaf Solanum lycopersicum  Solanaceae none (asymptomatic)
INSI19131 leaf Solanum lycopersicum  Solanaceae none (asymptomatic)
INSI19132 leaf Solanum lycopersicum  Solanaceae none (asymptomatic)
INSI19133 leaf Solanum lycopersicum  Solanaceae none (asymptomatic)
INSI19141 leaf Solanum lycopersicum  Solanaceae none (asymptomatic)
INSI19142 leaf Solanum lycopersicum  Solanaceae none (asymptomatic)
INSI19143 leaf Solanum lycopersicum  Solanaceae none (asymptomatic)
INSI19144 leaf Solanum lycopersicum  Solanaceae none (asymptomatic)
INSI19147 leaf Solanum lycopersicum  Solanaceae none (asymptomatic)
INSI19148 leaf Solanum lycopersicum  Solanaceae none (asymptomatic)
INSI19139 leaf Solanum lycopersicum  Solanaceae leaf yellowing with necrotic lesions
INSI18149 leaf Solanum lycopersicum  Solanaceae leaf yellowing
INSI19151 leaf Solanum lycopersicum  Solanaceae none (asymptomatic)
INSI19154 leaf Solanum lycopersicum  Solanaceae leaf mottling, dwarfing and twisting
INSI19155 leaf Solanum lycopersicum  Solanaceae leaf mottiing, dwarfing and twisting
INSI19140 leaf Chenopodium sp. Chenopodiaceae  yellow spots on leaves
INSI18150 leaf Chenopodium sp. Chenopodiaceae  yellow spots on leaves
INSI19157 leaf Erigeron annuus Asteraceae necrotic lesions on leaves
INSI19158 leaf Ranunculus repens Ranunculaceae leaf mosaic
INSI20040 leaf Solanum lycopersicum  Solanaceae none (asymptomatic)
INSI20041 leaf Solanum lycopersicum  Solanaceae none (asymptomatic)
INSI20042 leaf Solanum lycopersicum  Solanaceae none (asymptomatic)
INSI20043 leaf Solanum lycopersicum  Solanaceae none (asymptomatic)
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No. Virus name Sample ID Tissue  Plant species name Plant family Symptoms (if any)
INSI20044 leaf Solanum lycopersicum ~ Solanaceae none (asymptomatic)
INSI20030 leaf Solanum lycopersicum  Solanaceae necrotic leaf spots
INSI20031 leaf Solanum lycopersicum ~ Solanaceae necrofic leaf spots
INSI20033 leaf Solanum lycopersicum  Solanaceae necrotic leaf spots
INSI20035 leaf Solanum lycopersicum  Solanaceae purpling of leaf lamina
INSI20036 leaf Solanum lycopersicum ~ Solanaceae interveinal leaf yellowing
INSI20037 leaf Solanum lycopersicum  Solanaceae necrotic leaf spots, necrosis on leaf lamina
INSI20038 leaf Solanum lycopersicum  Solanaceae necrotic leaf spots, necrosis on leaf lamina
INSI120055 leaf Solanum lycopersicum  Solanaceae purpling of leaf lamina
INSI20108 leaf Solanum lycopersicum  Solanaceae leaf deformation
INSI20126 leaf Solanum lycopersicum  Solanaceae necrofic leaf spots
INSI20127 leaf Solanum lycopersicum  Solanaceae necrotic leaf spots, necrosis on leaf lamina
INSI20128 leaf Solanum lycopersicum  Solanaceae necrotic leaf spots, necrosis on leaf lamina
INSI20129 leaf Solanum lycopersicum  Solanaceae necrotic leaf spots, necrosis on leaf lamina
INSI20132 leaf Solanum lycopersicum  Solanaceae leaf deformation and dwarfing

36 Taraxacum viroid-like circular RNA 1 INSI20252 leaf Taraxacum officinale Asteraceae interveinal leaf chlorosis
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Supplementary Figure 3-01. Artermisia fimovirus 1. The confirmed associated plant host(s) shown is/are Artemisia verlotiorum (Asteraceae).

Supplementary Figure 3. Representative field photos of confirmed associated plant hosts of selected viruses and putative viroids. Note: There are other viruses
detected in the sequencing pools (i.e. composite sample) where the samples shown belong, which implies possible co-infection of viruses on the specific sample
shown. Thus, it is difficult to associate the symptom phenotype with the detection of a single specific virus. Complete information on the individual samples can be
found in Supplementary Table 1 and the description of symptoms of the associated plant hosts are summarized in Supplementary Table 9.

, g .

Supplementary Figure 3-02. Calystegia geminivirus 1 and Calystegia pelarspovirus 1. The confirmed associated plant host(s) shown is/are Calystegia sp.
(Convolvulaceae).

Supplementary Figure 3 (continued). Representative field photos of confirmed associated plant hosts of selected viruses and putative viroids. Note: There are
other viruses detected in the sequencing pools (i.e. composite sample) where the samples shown belong, which implies possible co-infection of viruses on the
specific sample shown. Thus, it is difficult to associate the symptom phenotype with the detection of a single specific virus. Complete information on the individual
samples can be found in Supplementary Table 1 and the description of symptoms of the associated plant hosts are summarized in Supplementary Table 9.
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Supplementary Figure 3-03. Plantago potyvirus 1. The confirmed associated plant host(s) shown is/are Plantago lanceolata (Plantaginaceae).

Supplementary Figure 3 (continued). Representative field photos of confirmed associated plant hosts of selected viruses and putative viroids. Note: There are
other viruses detected in the sequencing pools (i.e. composite sample) where the samples shown belong, which implies possible co-infection of viruses on the
specific sample shown. Thus, it is difficult to associate the symptom phenotype with the detection of a single specific virus. Complete information on the individual
samples can be found in Supplementary Table 1 and the description of symptoms of the associated plant hosts are summarized in Supplementary Table 9.

Supplementary Figure 3-04. Mentha macluravirus 1. The confirmed associated plant host(s) shown is/are Mentha spicata (Lamiaceae).

Supplementary Figure 3 (continued). Representative field photos of confirmed associated plant hosts of selected viruses and putative viroids. Note: There are
other viruses detected in the sequencing pools (i.e. composite sample) where the samples shown belong, which implies possible co-infection of viruses on the
specific sample shown. Thus, it is difficult to associate the symptom phenotype with the detection of a single specific virus. Complete information on the individual
samples can be found in Supplementary Table 1 and the description of symptoms of the associated plant hosts are summarized in Supplementary Table 9.
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Supplementary Figure 3-05. Rumex potyvirus 1. The confirmed associated plant host(s) shown isfare Rumex sp. (Polygonaceae) (INSI20188) and
Convolvulus sp. (Convolvulaceae) (INSI20199).

Supplementary Figure 3 (continued). Representative field photos of confirmed associated plant hosts of selected viruses and putative viroids. Note: There are
other viruses detected in the sequencing pools (i.e. composite sample) where the samples shown belong, which implies possible co-infection of viruses on the
specific sample shown. Thus, it is difficult to associate the symptom phenotype with the detection of a single specific virus. Complete information on the individual
samples can be found in Supplementary Table 1 and the description of symptoms of the associated plant hosts are summarized in Supplementary Table 9.

Supplementary Figure 3-06. Broad-leafed dock virus A, isolate 2. The confirmed associated plant host(s) shown is/are Rumex crispus (Polygonaceae).

Supplementary Figure 3 (continued). Representative field photos of confirmed associated plant hosts of selected viruses and putative viroids. Note: There are
other viruses detected in the sequencing pools (i.e. composite sample) where the samples shown belong, which implies possible co-infection of viruses on the
specific sample shown. Thus, it is difficult to associate the symptom phenotype with the detection of a single specific virus. Complete information on the individual
samples can be found in Supplementary Table 1 and the description of symptoms of the associated plant hosts are summarized in Supplementary Table 9.
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Supplementary Figure 3-07. Pastinaca umbravirus 1. The confirmed associated plant host(s) shown is/are Pastinaca sativa (Apiaceae). Sample INSI19137 is
also the confirmed associated plant host of Pastinaca potexvirus 1 and Pastinaca cytorhabdovirus 1.

Supplementary Figure 3 (continued). Representative field photos of confirmed associated plant hosts of selected viruses and putative viroids. Note: There are
other viruses detected in the sequencing pools (i.e. composite sample) where the samples shown belong, which implies possible co-infection of viruses on the
specific sample shown. Thus, it is difficult to associate the symptom phenotype with the detection of a single specific virus. Complete information on the individual
samples can be found in Supplementary Table 1 and the description of symptoms of the associated plant hosts are summarized in Supplementary Table 9.

' INSI20082

Supplementary Figure 3-08. Picris umbravirus 1. The confirmed associated plant host(s) shown is/are Picris echoides (Asteraceae).
The sample shown is also confirmed associated host of Cichorium alphacarmovirus 1 and Picris cytorhabdovirus 1.

Supplementary Figure 3 (continued). Representative field photos of confirmed associated plant hosts of selected viruses and putative viroids. Note: There are
other viruses detected in the sequencing pools (i.e. composite sample) where the samples shown belong, which implies possible co-infection of viruses on the
specific sample shown. Thus, it is difficult to associate the symptom phenotype with the detection of a single specific virus. Complete information on the individual
samples can be found in Supplementary Table 1 and the description of symptoms of the associated plant hosts are summarized in Supplementary Table 9.
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Supplementary Figure 3-09. Convolvulus aureusvirus 1. The confirmed associated plant host(s) shown is/are Convolvulus arvensis (Convolvulaceae).

Supplementary Figure 3 (continued). Representative field photos of confirmed associated plant hosts of selected viruses and putative viroids. Note: There are
other viruses detected in the sequencing pools (i.e. composite sample) where the samples shown belong, which implies possible co-infection of viruses on the
specific sample shown. Thus, it is difficult to associate the symptom phenotype with the detection of a single specific virus. Complete information on the individual
samples can be found in Supplementary Table 1 and the description of symptoms of the associated plant hosts are summarized in Supplementary Table 9.

| INSI20123

INSI20075

Supplementary Figure 3-10. Cichorium alphacarmovirus 1. The confirmed associated plant host(s) shown is/are Calystegia sp. (Convolvulaceae).

Supplementary Figure 3 (continued). Representative field photos of confirmed associated plant hosts of selected viruses and putative viroids. Note: There are
other viruses detected in the sequencing pools (i.e. composite sample) where the samples shown belong, which implies possible co-infection of viruses on the
specific sample shown. Thus, it is difficult to associate the symptom phenotype with the detection of a single specific virus. Complete information on the individual
samples can be found in Supplementary Table 1 and the description of symptoms of the associated plant hosts are summarized in Supplementary Table 9.
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Supplementary FigureS3-11. Plant associated tobamo-like virus 1. The confirmed associated plant host(s) shown is/are Solanum lycopersicum
(Solanaceae) (INSI20146, INSI20148, INSI20150) and Convolvulus arvensis (Convolvulaceae) (INSI19082).

Supplementary Figure 3 (continued). Representative field photos of confirmed associated plant hosts of selected viruses and putative viroids. Note: There are
other viruses detected in the sequencing pools (i.e. composite sample) where the samples shown belong, which implies possible co-infection of viruses on the
specific sample shown. Thus, it is difficult to associate the symptom phenotype with the detection of a single specific virus. Complete information on the individual
samples can be found in Supplementary Table 1 and the description of symptoms of the associated plant hosts are summarized in Supplementary Table 9.

Supplementary Figure 3-12. Plantago tobamovirus 1. The confirmed associated plant host shown is Plantago major (Plantaginaceae).

Supplementary Figure 3 (continued). Representative field photos of confirmed associated plant hosts of selected viruses and putative viroids. Note: There are
other viruses detected in the sequencing pools (i.e. composite sample) where the samples shown belong, which implies possible co-infection of viruses on the
specific sample shown. Thus, it is difficult to associate the symptom phenotype with the detection of a single specific virus. Complete information on the individual
samples can be found in Supplementary Table 1 and the description of symptoms of the associated plant hosts are summarized in Supplementary Table 9.
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Supplementary Figure 3-13. Mercurialis orthotospovirus 1. The confirmed associated plant hosts shown are Mercurialis annua.

Supplementary Figure 3 (continued). Representative field photos of confirmed associated plant hosts of selected viruses and putative viroids. Note: There are
other viruses detected in the sequencing pools (i.e. composite sample) where the samples shown belong, which implies possible co-infection of viruses on the
specific sample shown. Thus, it is difficult to associate the symptom phenotype with the detection of a single specific virus. Complete information on the individual
samples can be found in Supplementary Table 1 and the description of symptoms of the associated plant hosts are summarized in Supplementary Table 9.
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Supplementary Figure 3-14. Tomato associated bunya-like virus 1. The confirmed associated plant host shown is Solanum lycopersicum.

Supplementary Figure 3 (continued). Representative field photos of confirmed associated plant hosts of selected viruses and putative viroids. Note: There are
other viruses detected in the sequencing pools (i.e. composite sample) where the samples shown belong, which implies possible co-infection of viruses on the
specific sample shown. Thus, it is difficult to associate the symptom phenotype with the detection of a single specific virus. Complete information on the individual
samples can be found in Supplementary Table 1 and the description of symptoms of the associated plant hosts are summarized in Supplementary Table 9.
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Supplementary Figure 3-15. Tomato vitivirus 1. The confirmed associated plant host(s) shown is/are Solanum lycopersicum (Solanaceae).

Supplementary Figure 3 (continued). Representative field photos of confirmed associated plant hosts of selected viruses and putative viroids. Note: There are
other viruses detected in the sequencing pools (i.e. composite sample) where the samples shown belong, which implies possible co-infection of viruses on the
specific sample shown. Thus, it is difficult to associate the symptom phenotype with the detection of a single specific virus. Complete information on the individual
samples can be found in Supplementary Table 1 and the description of symptoms of the associated plant hosts are summarized in Supplementary Table 9.

Supplementary Figure 3-16. Ranunculus white mottle ophiovirus. The confirmed associated plant hosts shown are tomatoes (Solanum lycopersicum).

Supplementary Figure 3 (continued). Representative field photos of confirmed associated plant hosts of selected viruses and putative viroids. Note: There are
other viruses detected in the sequencing pools (i.e. composite sample) where the samples shown belong, which implies possible co-infection of viruses on the
specific sample shown. Thus, it is difficult to associate the symptom phenotype with the detection of a single specific virus. Complete information on the individual
samples can be found in Supplementary Table 1 and the description of symptoms of the associated plant hosts are summarized in Supplementary Table 9.
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Supplementary Figure 3-17. Tomato betanucleorhabdovirus 1. The confirmed associated plant host shown is tomato (Solanum lycopersicum).

Supplementary Figure 3 (continued). Representative field photos of confirmed associated plant hosts of selected viruses and putative viroids. Note: There are
other viruses detected in the sequencing pools (i.e. composite sample) where the samples shown belong, which implies possible co-infection of viruses on the
specific sample shown. Thus, it is difficult to associate the symptom phenotype with the detection of a single specific virus. Complete information on the individual
samples can be found in Supplementary Table 1 and the description of symptoms of the associated plant hosts are summarized in Supplementary Table 9.

| INSI20123
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Supplementary Figure 3-18. Tomato betanucleorhabdovirus

Supplementary Figure 3 (continued). Representative field photos of confirmed associated plant hosts of selected viruses and putative viroids. Note: There are
other viruses detected in the sequencing pools (i.e. composite sample) where the samples shown belong, which implies possible co-infection of viruses on the
specific sample shown. Thus, it is difficult to associate the symptom phenotype with the detection of a single specific virus. Complete information on the individual
samples can be found in Supplementary Table 1 and the description of symptoms of the associated plant hosts are summarized in Supplementary Table 9.
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Supplementary Figure 3-19. Picris betanucleorhabdovirus 1. The confirmed associated plant host shown is Picris echoides (Asteraceae). The sample shown is
also confirmed associated host of Cichorium alphacarmovirus 1 and Prunus virus |.

Supplementary Figure 3 (continued). Representative field photos of confirmed associated plant hosts of selected viruses and putative viroids. Note: There are
other viruses detected in the sequencing pools (i.e. composite sample) where the samples shown belong, which implies possible co-infection of viruses on the
specific sample shown. Thus, it is difficult to associate the symptom phenotype with the detection of a single specific virus. Complete information on the individual
samples can be found in Supplementary Table 1 and the description of symptoms of the associated plant hosts are summarized in Supplementary Table 9.

Supplementary Figure 3-20. Cirsium cytorhabdovirus 1. The confirmed associated plant host shown is Cirsium arvense (Asteraceae).

Supplementary Figure 3 (continued). Representative field photos of confirmed associated plant hosts of selected viruses and putative viroids. Note: There are
other viruses detected in the sequencing pools (i.e. composite sample) where the samples shown belong, which implies possible co-infection of viruses on the
specific sample shown. Thus, it is difficult to associate the symptom phenotype with the detection of a single specific virus. Complete information on the individual
samples can be found in Supplementary Table 1 and the description of symptoms of the associated plant hosts are summarized in Supplementary Table 9.
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Supplementary Figure 3-21. Taraxacum betanucleorhabdovirus 1. The confirmed associated plant host shown is Taraxacum officinale (Asteraceae). Sample
INSI20194 is also confirmed associated host of Taraxacum cytorhabdovirus 1, while sample INSI20252 is also confirmed associated host of Taraxacum viroid-like
circular RNA 1.

Supplementary Figure 3 (continued). Representative field photos of confirmed associated plant hosts of selected viruses and putative viroids. Note: There are
other viruses detected in the sequencing pools (i.e. composite sample) where the samples shown belong, which implies possible co-infection of viruses on the
specific sample shown. Thus, it is difficult to associate the symptom phenotype with the detection of a single specific virus. Complete information on the individual
samples can be found in Supplementary Table 1 and the description of symptoms of the associated plant hosts are summarized in Supplementary Table 9.

INSI20030

Supplementary Figure 3-22. Tomato alphanucleorhabdovirus 1. The confirmed associated plant host shown is tomato (Solanum lycopersicum).

Supplementary Figure 3 (continued). Representative field photos of confirmed associated plant hosts of selected viruses and putative viroids. Note: There are
other viruses detected in the sequencing pools (i.e. composite sample) where the samples shown belong, which implies possible co-infection of viruses on the
specific sample shown. Thus, it is difficult to associate the symptom phenotype with the detection of a single specific virus. Complete information on the individual
samples can be found in Supplementary Table 1 and the description of symptoms of the associated plant hosts are summarized in Supplementary Table 9.
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Supplementary Figure 3-23. Leveillula taurica associated rhabdo-like virus 1. The confirmed associated plant host shown is Solanum lycopersicum (Solanaceag).

Supplementary Figure 3 (continued). Representative field photos of confirmed associated plant hosts of selected viruses and putative viroids. Note: There are
other viruses detected in the sequencing pools (i.e. composite sample) where the samples shown belong, which implies possible co-infection of viruses on the
specific sample shown. Thus, it is difficult to associate the symptom phenotype with the detection of a single specific virus. Complete information on the individual
samples can be found in Supplementary Table 1 and the description of symptoms of the associated plant hosts are summarized in Supplementary Table 9.

INSI20038F

Supplementary Figure 3-24. Eggplant mottled dwarf alphanucleorhabdovirus. The confirmed associated plant host shown is Solanum lycopersicum
(Solanaceae).

Supplementary Figure 3 (continued). Representative field photos of confirmed associated plant hosts of selected viruses and putative viroids. Note: There are
other viruses detected in the sequencing pools (i.e. composite sample) where the samples shown belong, which implies possible co-infection of viruses on the
specific sample shown. Thus, it is difficult to associate the symptom phenotype with the detection of a single specific virus. Complete information on the individual
samples can be found in Supplementary Table 1 and the description of symptoms of the associated plant hosts are summarized in Supplementary Table 9.
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Supplementary Figure 3-25. Physostegia chlorotic mottle alphanucleorhabdovirus. All confirmed associated plant hosts shown are tomatoes (Solanum
lycopersicum).

Supplementary Figure 3 (continued). Representative field photos of confirmed associated plant hosts of selected viruses and putative viroids. Note: There are
other viruses detected in the sequencing pools (i.e. composite sample) where the samples shown belong, which implies possible co-infection of viruses on the
specific sample shown. Thus, it is difficult to associate the symptom phenotype with the detection of a single specific virus. Complete information on the individual
samples can be found in Supplementary Table 1 and the description of symptoms of the associated plant hosts are summarized in Supplementary Table 9.

Supplementary Figure 3-26. Tomato fruit blotch virus and Tomato matilda virus co-infected samples.
The confirmed associated plant host shown is Solanum lycopersicum (Solanaceae).

Supplementary Figure 3 (continued). Representative field photos of confirmed associated plant hosts of selected viruses and putative viroids. Note: There are
other viruses detected in the sequencing pools (i.e. composite sample) where the samples shown belong, which implies possible co-infection of viruses on the
specific sample shown. Thus, it is difficult to associate the symptom phenotype with the detection of a single specific virus. Complete information on the individual
samples can be found in Supplementary Table 1 and the description of symptoms of the associated plant hosts are summarized in Supplementary Table 9.
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Supplementary Figure 3-27. Solanum nigrum ilarvirus 1. The confirmed associated plant host shown is Physalis sp. (Solanaceae).

Supplementary Figure 3 (continued). Representative field photos of confirmed associated plant hosts of selected viruses and putative viroids. Note: There are
other viruses detected in the sequencing pools (i.e. composite sample) where the samples shown belong, which implies possible co-infection of viruses on the
specific sample shown. Thus, it is difficult to associate the symptom phenotype with the detection of a single specific virus. Complete information on the individual
samples can be found in Supplementary Table 1 and the description of symptoms of the associated plant hosts are summarized in Supplementary Table 9.



Supplementary Table 10. Model selection and other parameters used for maximum likelihood phylogenetic analyses. Note: aa — amino acid, nt — nucleotide.

. . . Gene analyzed (amino Number of . - Number of Substitution Number of
Virus family / families . X . Alignment and trimming e
(or virus order) acid sequence, or DNA sequences in programs used . posﬂpns in model parameters
sequence, as indicated) the dataset final alignment selected” tested
Tospoviridae and Fimoviridae (Bunyavirales) Egﬁ;ﬁg:g(z;g;ﬂp\ 65 rg;f:zmrmﬁ';g; t(rairfrthI 376 aa LG+GHI+F 164
e . RNA-dependent RNA ClustalW, MAFFT (after
Partitiviridae (Durnavirales) polymerase (RARP) 57 manual trimming), timAl 326 aa LG+GHl 233
Geminiviridae (Geplafuvirales) g’lﬁl’mﬁe (C1genein 109 n?'a‘ﬁzm rmES)T t(f:‘rf;ep[l 289 aa LG+G 484
- - RNA-dependent RNA ClustalW, MAFFT (after
Totiviridae (Ghabrivirales) polymerase (RdRP) 27 manual trimming), trimAl 363 aa LG+GH 155
iy L RNA-dependent RNA ClustalW, MAFFT (after
Bromoviridae (Martellivirales) polymerase (RdRP) 63 manual trimming), trimAl 327 aa LG+GH 125
. . RNA-dependent RNA ClustalW, MAFFT (after
Closteroviridae (Martellivirales) polymerase (RARP) 48 manual trimming), timAl 219 aa LG+G+H 97
. . RNA-dependent RNA ClustalW, MAFFT (after
Endornaviridae (Martellivirales) polymerase (RdRP) 45 manual trimming), timAl 278 aa LG+GHl 89
I hy RNA-dependent RNA Clustalw, MAFFT (after
Kitaviridae (Martellivirales) polymerase (RARP) 29 manual trimming), timAl 583 aa LG+GH|+F 76
replicase (methyl ClustalW, MAFFT (after
L . transferase, helicase) 67 manual trimming), trimAl 542 aa LG+GH 133
Virgaviridae (Martellivirales) ClustalW, MAFFT (afier
coat protein (CP) 51 o . 68 aa LG+G 100
manual trimming), trimAl
. L full genome nucleotide MUSCLE (and manual
Subgroup 3 Tobamovirus (Virgaviridae) sequence 41 trimming of ends) 6233 nt GTR+G+l 89
iy . RNA-dependent RNA ClustalW, MAFFT (after
Rhabdoviridae (Mononegavirales) polymerase (RdRP) 75 manual trimming), trimAl 604 aa LG+G+I+F 170
Caulimoviridae (Ortelivirales) Eg‘%rse transcriptase 57 rﬁ;ﬁg:"t\;rm;g t(fml 220 aa LG+G 112
Potyviridae (Patatavirales) RNA-dependent RNA gg ~ ClustalW MAFFT (after 0 LG+GH 195

polymerase (RdRP)

manual trimming), trimAl
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Virgaviridae (Martellivirales) (08-A) Supplementary Figure 4-08-A i Hel 18 ClustalW, MAFFT (after 542 3 LG+GH]
Figure 7h b08-4) (left tree) manual trimming), trimAl
(08-B) Supplementary Figure 4-08-B
cp g Clstall MAFET [after 68 2a LG+G
Figure 7h 2088 (right tree) manual trimming), trim
. . full genome nt MUSCLE (and manual
Figure 7i sequence 41 trimming of ends) 6233 nt GTR+G+|
iri i 09) Supplementary Figure 4-09
Potyviridae (Patatavirales) (09) Supp y Fig RdRp % Clusta:V:I,‘ MAFFT t(z_aﬂt;rl 470 aa LG+G+]
Figure 8g 509 manual trimming), trim.
Tombusviridae (Tolivirales) (10) Supplementary Figure 4-10 ReR 108 ClustalW, MAFFT (after 201 GG
Figure 9h b.(10) P manual trimming), trimAl aa
Partitiviridae (Durnavirales) (11) Supplementary Figure 4-11 RdRp 57 Cll"StalW’. MAFFT (gﬂer 326 aa LG+GHl
manual trimming), trimAl
Geminiviridae (Geplafuvirales)  (12) Supplementary Figure 4-12 replicass (C1 109 ClustalW, MAFFT (after - g9 55 LG+G
gene) manual trimming), trimAl
Totiviidae (Ghabrivirales) (13) Supplementary Figure 4-13 RdRp 71 ClustalW, MAFFT after a5, ) LG+G+]
manual trimming), trimAl
Caulimoviridae (Ortelivirales) (14) Supplementary Figure 4-14 RT 57 C|USta|W’. MAFFT (gﬂer 220 aa LG+G
manual trimming), trimAl
Haviridae (Picornavirales) (15) Supplementary Figure 4-15 RdRp 29 ClustalW, MAFFT (after g, 55 LG+G+]
manual trimming), trimAl
Dicistroviridae and [flaviridae (16) Supplementary Figure 4-16 RdRp 61 ClustalW, MAFFT (after 307 aa LG+G

(Picornavirales) manual trimming), trimAl
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ClustalW, MAFFT (after

Secoviridae (Picornavirales) (17) Supplementary Figure 4-17 RdRp 63 manual trimming), trimAl 364 aa LG+G
Solemoviridae (Sobelivirales) (18) Supplementary Figure 4-18 RdRp 47 n?;s&z:v:/”mmnﬁrfg)-r t(ﬁ:q% 191 aa LG+G
Tymovirales (19) Supplementary Figure 4-19 RdRp 75 rg;]slﬁ:vgrml:ﬂn':rfg)-r t(:lir?]% 293 aa LG+G+I
Satellite viruses (20) Supplementary Figure 4-20 cP 10 ClustalW, MAFFT (after 109 aa LG+G

(Albetovirus, Aumaivirus) manual trimming), trimAl

Details of multiple sequence alignments and phylogenetic tree construction:

Representative viral RefSeq genomes of ICTV-recognized species, which were translated to amino acid sequences, and selected best hit in BLASTp searches
(E-val<10-4) of the viruses of interest, were gathered for the phylogenetic analyses. When applicable, outgroup virus sequences were chosen based on known
phylogenetic relationships to the closest related taxa (i.e. species of a closely related family), and with reference to phylogenetic trees published in peer-reviewed
articles. Multiple sequence alignments were initially done using ClustalWW (Thompson et al., 1994), and after manual timming of unaligned ends, MAFFT alignment
was implemented (Katoh and Standley, 2013). Thereafter, further timming of the alignments with trimAl (Capella-Gutiémez et al., 2009) was performed. Highly
divergent sequences (i.e. <30%) based on overall pairwise amino acid similarity, examined in SDT v. 1.2 (Muhire et al., 2014), were removed from the final
alignment prior to further analyses. In the case of tobamoviruses, a nucleotide-based phylogenetic analyses was done on full genomes. Genomes of different
isolates of turnip vein-clearing virus, ribgrass mosaic virus, wasabi mosaic virus, youcai mosaic virus and Plantago tobamovirus 1, were gathered from GenBank
and viral RefSeq database and aligned using MUSCLE (Edgar, 2004). The unaligned ends were trimmed, then checked for possible recombinants before
proceeding with the phylogenetic analyses with the alignments free of recombinants. Substitution model selection was done on the final alignments, with either
amino acid or nucleotide alignments. The best model was chosen, based on the lowest Bayesian Information Criteria (BIC) value (Schwarz, 1978). Selected amino
acid substitution models indicated in the table above are as follows: Le_Gascuel_2008 model (Le and Gascuel, 2008) with discrete Gamma distribution with 5 rate
categories (LG+G), which may also assume that a certain fraction of sites are evolutionarily invariable (LG+G+1) and may account for amino acid frequencies
(LG+G+I+F). For the tobamovirus dataset, a General Time Reversible (GTR) model was selected, with discrete gamma distribution (+G) and evolutionarily
invariable sites (+1). The final phylogenetic trees after the analyses have the highest log likelihood value inferred with 1000 bootstrap replicates (Felsenstein, 1985).
In the succeeding phylogenetic trees shown in Supplementary Figure 4, the percentage of replicate trees in which the associated taxa clustered togetherin the
bootstrap test is shown next to the branches, with only >0.6 (>60%) support shown. The trees are drawn to scale for easier visualization, with branch lengths (scale
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bar is shown) measured in the number of amino acid (or nucleotide) substitutions per site. ClustalW alignment, manual trimming and pairwise similarity analysis
were done in CLC Genomics Workbench v. 20.0 (Qiagen). MAFFT was executed in EMBL-EBI website (www.ebi.ac.uk/Tools/msa/mafft/), and trimAl was
downloaded from (www.trimal.cgenomics.org), and was executed in command line, with ‘automated1’ option. Substitution model testing and phylogenetic tree
construction were done in MEGA X (Kumar et al., 2018), and the final phylogenetic trees were annotated in Interactive Tree of Life (iToL) (Letunic and Bork, 2021).

References for substitution models, online tools and programs used in the phylogenetic analyses:

Capella-Gutiérrez, S., Silla-Martinez, J. M., and Gabaldén, T. (2009). trimAl: A tool for automated alignment trimming in large-scale phylogenetic analyses.
Bioinformatics 25, 1972-1973. doi:10.1093/biocinformatics/btp348.

Edgar, R. C. (2004). MUSCLE: multiple sequence alignment with high accuracy and high throughput. Nucleic Acids Res. 32, 1792-1797.
doi: 10.1093/nar/gkh340.

Felsenstein, J. (1985). Confidence Limits on Phylogenies: An Approach Using the Bootstrap. Evolution (N. Y). 39, 783. doi:10.2307/2408678.

Katoh, K., and Standley, D. M. (2013). MAFFT multiple sequence alignment software version 7: Improvements in performance and usability. Mol. Biol, Evol. 30,
772-780. doi:10.1093/molbev/mst010.

Kumar, S., Stecher, G., Li, M., Knyaz, C., and Tamura, K. (2018). MEGA X: Malecular Evolutionary Genetics Analysis across Computing Platforms. Mol. Biol.
Evol. 35, 1547-1549. doi:10.1093/molbev/msy096.
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Letunic, ., and Bork, P. (2021). Interactive Tree Of Life (iTOL) v5: an online tool for phylogenetic tree display and annotation. Nucleic Acids Res. 49, W293—
W296. doi:10.1093/nar/gkab301.

Muhire, B. M., Varsani, A., and Martin, D. P. (2014). SDT: A Virus Classification Tool Based on Pairwise Sequence Alignment and Identity Calculation. PLoS
One 9, e108277. doi:10.1371/journal.pone.0108277.

Schwarz, G. (1978). Estimating the Dimension of a Model. Ann. Stat. 6. doi:10.1214/a0s/1176344136.

Thompson, J. D., Higgins, D. G., and Gibson, T. J. (1994). CLUSTAL W: Improving the sensitivity of progressive multiple sequence alignment through sequence
weighting, position-specific gap penalties and weight matrix choice. Nucleic Acids Res. 22, 4673-4680. doi:10.1093/nar/22.22.4673.
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Supplementary Figure 4-01. Maximum likelihood phylogenetic tree based on the alignment of conserved RNA-dependent
RNA polymerase amino acid sequence of virus species under Tospoviridae and Fimoviridae (Bunyavirales).

Supplementary Figure 4. Phylogenetic trees up to the virus family (or order) level showing relationships of identified known (in
bold black font) and novel (in bold blue font) virus species from this study, with the isolate names indicated. GenBank accession
numbers for the viruses from this study can be found in Supplementary Table 5, while GenBank accession number (protein) are
indicated for known viruses in the tree. All details of phylogenetic analyses can be found above in Supplementary Table 10.
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Supplementary Figure 4-02. Maximum likelihood phylogenetic tree based on the alignment of conserved
RNA-dependent RNA polymerase amino acid sequence of virus species under family Aspiviridae
(Serpentovirales).

Supplementary Figure 4. Phylogenetic trees up to the virus family (or order) level showing relationships of identified known (in
bold black font) and novel (in bold blue font) virus species from this study, with the isolate names indicated. GenBank accession
numbers for the viruses from this study can be found in Supplementary Table 5, while GenBank accession number (protein) are
indicated for known viruses in the tree. All details of phylogenetic analyses can be found above in Supplementary Table 10.
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Supplementary Figure 4-03. Maximum likelihood phylogenetic tree based on the alignment of conserved RNA-
dependent RNA polymerase amino acid sequence of virus species under family Rhabdoviridae (Mononegavirales).

Supplementary Figure 4. Phylogenetic trees up to the virus family (or order) level showing relationships of identified known (in
bold black font) and novel (in bold blue font) virus species from this study, with the isolate names indicated. GenBank accession
numbers for the viruses from this study can be found in Supplementary Table 5, while GenBank accession number (protein) are
indicated for known viruses in the tree. All details of phylogenetic analyses can be found above in Supplementary Table 10.
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Supplementary Figure 4-04. Maximum likelihood phylogenetic tree based on the alignment of conserved RNA-
dependent RNA polymerase amino acid sequence of virus species under family Kitaviridae (Martellivirales).

Supplementary Figure 4. Phylogenetic trees up to the virus family (or order) level showing relationships of identified known (in
bold black font) and novel (in bold blue font) virus species from this study, with the isolate names indicated. GenBank accession
numbers for the viruses from this study can be found in Supplementary Table 5, while GenBank accession number (protein) are
indicated for known viruses in the tree. All details of phylogenetic analyses can be found above in Supplementary Table 10.
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Supplementary Figure 4-05. Maximum likelihood phylogenetic tree based on the alignment of conserved RNA-
dependent RNA polymerase amino acid sequence of virus species under family Bromoviridae (Martellivirales).

Supplementary Figure 4. Phylogenetic trees up to the virus family (or order) level showing relationships of identified known (in
bold black font) and novel (in bold blue font) virus species from this study, with the isolate names indicated. GenBank accession
numbers for the viruses from this study can be found in Supplementary Table 5, while GenBank accession number (protein) are
indicated for known viruses in the tree. All details of phylogenetic analyses can be found above in Supplementary Table 10.



192 Appendix A. Supplementary Materials of Publications

Branch length scale:
0.25———

(amino acid
substitution — - - - - - - Grapevine leafroll-associated virus 13 BAU68561.1
per site) —— - - ------ Pineapple mealybug wilt-associated virus 2 YP_009664794.1
__‘: Grapevine leafroll-associated virus 1 YP_004940642.1
———————— Grapevine leafroll-associated virus 3 ARP51768.1
————————— Yam asymptomatic virus 1 QNT12720.1
777777777777 Citrus associated ampelovirus 1 QSE37541.1

——————— Sugarcane mild mosaic virus QFR98384.1
4‘ I: Persimmon ampelovirus BBL52476.1
Plum bark necrosis stem pitting-associated virus YP_001552324.1

— @ Pineapple mealybug wilt-associated virus 3 YP_009666003.1
Pineapple mealybug wilt-associated virus 1 YP_001642337.1
__[ - Grapevine leafroll-associated virus 10 YP_002364303.1

Grapevine leafroll-associated virus 4 ARP51817.1
Grapevine leafroll-associated virus 5 YP_004901687.1
e i Mint vein banding-associated virus YP_009506336.1
- - Agapanthus velarivirus QVY19186.1
| Y Y Cordyline virus 2 YP_009666138.1
L Cordyline virus 3 YP_009664814.1
Grapevine leafroll-associated virus 7 ARP51794.1
Ef - - Areca palm velarivirus 1 YP_009140432.1
- - - Little cherry virus 1 BCA25858.1
—————— Black berry yellow vein-associated virus YP_227378.1
- - Potato yellow vein virus YP_829128.1
Tomato chlorosis virus YP 293695.1
- - - Sweet potato chlorotic stunt virus QWQ66165.1
- - Plant associated crinivirus 2 SKO20SW
- - Plant associated crinivirus 2 BOL20SW
- - Persimmon virus B YP_009112883.1
Olive leaf yellowing-associated virus YP_009666027.1
Blueberry virus A YP_006638806.1
——————— Fig virus B QNS29673.1
———————— Fig virus A QNS29659.1
fffff Plant associated closterovirus 2 MIR20SW
Blackcurrant leafroll-associated virus 1 YP_009552057.1
Grapevine leafroll-associated virus 2 ARP51845.1
- - Carrot yellow leaf virus YP_003075965.1
- - Tobacco virus 1 YP_009162622.1
- - Mint virus 1 YP_224091.1
- - Strawberry chlorotic fleck-associated virus YP_762622.1
70% Citrus tristeza virus QSE37576.1
- - Raspberry leaf mottle virus YP_874185.1
8% 0\ Arracacha virus 1 YP_009551994.1
————— Plant associated closterovirus 1 BER19SW2
————— Soybean leaf crinkle mottle virus BCR37031.1
Beet yellow stunt virus YP_009664804.1
Carnation yellow fleck virus BBK15488.1
o 100% Beet yellows virus NP_733949.1
fffff Beet yellows virus KOR20SW

bootstrap
support:

60%

© 90%

Clade /Taxa — Ampelovirus ~ — Crinivirus
branch color:  — Vejarivirus — Closterovirus

Supplementary Figure 4-06. Maximum likelihood phylogenetic tree based on the alignment of conserved RNA-
dependent RNA polymerase amino acid sequence of virus species under family Closteroviridae (Martellivirales).

Supplementary Figure 4. Phylogenetic trees up to the virus family (or order) level showing relationships of identified known (in
bold black font) and novel (in bold blue font) virus species from this study, with the isolate names indicated. GenBank accession
numbers for the viruses from this study can be found in Supplementary Table 5, while GenBank accession number (protein) are
indicated for known viruses in the tree. All details of phylogenetic analyses can be found above in Supplementary Table 10.
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Supplementary Figure 4-07. Maximum likelihood phylogenetic tree based on the alignment of conserved RNA-
dependent RNA polymerase amino acid sequence of virus species under family Endornaviridae (Martellivirales).

Supplementary Figure 4. Phylogenetic trees up to the virus family (or order) level showing relationships of identified known (in
bold black font) and novel (in bold blue font) virus species from this study, with the isolate names indicated. GenBank accession
numbers for the viruses from this study can be found in Supplementary Table 5, while GenBank accession number (protein) are
indicated for known viruses in the tree. All details of phylogenetic analyses can be found above in Supplementary Table 10.
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Supplementary Figure 4-08-A. Maximum likelihood phylogenetic tree based on the alignment of conserved methyl
transferase-helicase amino acid sequence of virus species under family Virgaviridae (Martellivirales).

Supplementary Figure 4. Phylogenetic trees up to the virus family (or order) level showing relationships of identified known (in
bold black font) and novel (in bold blue font) virus species from this study, with the isolate names indicated. GenBank accession
numbers for the viruses from this study can be found in Supplementary Table 5, while GenBank accession number (protein) are
indicated for known viruses in the tree. All details of phylogenetic analyses can be found above in Supplementary Table 10.
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Supplementary Figure 4-08-B. Maximum likelihood phylogenetic tree based on the alignment of conserved
coat protein amino acid sequence of virus species under family Virgaviridae (Martellivirales).

Supplementary Figure 4. Phylogenetic trees up to the virus family {or order) level showing relationships of identified known (in
bold black font) and novel (in beld blue font) virus species from this study, with the isolate names indicated. GenBank accession
numbers for the viruses from this study can be found in Supplementary Table 5, while GenBank accession number (protein) are
indicated for known viruses in the tree. All details of phylogenetic analyses can be found above in Supplementary Table 10.
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Supplementary Figure 4-09.
Maximum likelihood phylogenetic
tree based aon the alignment of
conserved RNA-dependent RNA
polymerase amino acid sequence
of virus species under family
Potyviridae (Patatavirales).

Supplementary Figure 4. Phylogenetic

trees up to the virus family (or order)

level showing relationships of identified
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study, with the isolate names indicated.
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of phylogenetic analyses can be found

above in Supplementary Table 10.
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- Celery latent virus YP_010087166.1 (Celavirus)

- Areca palm necrotic spindle-spot virus NC_040836.1 (Arepavirus)
- Bellflower veinal mottle virus NC_039002.1 (Bevemovirus)

- Rice necrosis mosaic virus NC_028144.1

Barley mild mosaic virus NC_003483.1
Oat mosaic virus NC_004016.1

- Barley yellow mosaic virus NC_002990.1

- Wheat yellow mosaic virus NC 002350.1

- Wheat spindle streak mosaic virus NC_040508.1
- Cardamom mosaic virus NC_039088.1

Chinese yam necrotic mosaic virus NC_018455.1
Yam chlorotic necrotic mosaic virus NC_038561.1

- - Yam chlorotic mosaic virus NC_038561.1
- Mentha macluravirus 1 KOR20SW

- Narcissus latent virus KX979913.1

- Artichoke latent virus NC_026759.1

Crow-dipper mosaic virus MN218779.1
Wuhan poty-like virus 1 KX884573.1

- - Broad-leafed dock virus A, divergent strain TUR20SW
- Broad-leafed dock virus A NC_038560.1
- Broad-leafed dock virus A TUR20SW
- Caladenia virus ANC_018572.1

Triticum mosaic virus NC_012799.1
Sugarcane streak mosaic virus NC_014037.1

- - Tomato mild mottle virus NC_038920.1

- - Sweet potato mild mottle virus NC_003797.1

- - Ugandan cassava brown streak virus NC_014791.1
- Cassava brown streak virus NC_012698.2

Squash vein yellowing virus NC_010521.1
Cucumber vein yellowing virus NC_006941.1

- Coccinia mottle virus NC_030840.1

- - Rose yellow mosaic virus NC 019031.1 (Roymovirus)

- - Longan witches broom-associated virus NC_034835.1 (unclassified)
- Wheat eglid mosaic virus NC_009805.1

Brome streak mosaic virus NC_003501.1
Tall oatgrass mosaic virus NC_022745.1

- - Yellow oat grass mosaic virus NC_024471.1
- - Wheat streak mosaic virus NC_001886.1
- - Oat necrotic mottle virus NC_005136.1

- Blackberry virus Y NC_008558.1 (Brambyvirus)

Reed chlorotic stripe virus NC_035461.1 (unclassified)
Ryegrass mosaic virus NC_001814.1

- Hordeum mosaic virus NG_005904.1
- Agropyron mosaic virus NC_005903.1
- Iris severe mosaic virus NC_029076.1
- Donkey orchid virus ANC_021197.1

Ornithogalum mosaic virus NC_019409.1
Pea seed-borne mosaic virus NC_001671.1

- - Plantago potyvirus 1 BUK19SW
- Cucurbit vein banding virus NC_035134.1
- Banana bract mosaic virus NC_009745.1
- Cowpea aphid-borne mosaic virus NC_004013.1

Impatiens flower break virus NC_030236.1
Soybean mosaic virus NC_002634.1

- Watermelon mosaic virus NC_006262.1
- Watermelon mosaic virus STR20SW
- Papaya ringspot virus NC_001785.1

- Callistephus mottle virus NC_030794.1

Mediterranean ruda virus NC_043536.1
Lettuce Italian necrotic virus NC_027706.1

- Yam mild mosaic virus NC_019412.1

- Wild tomato mosaic virus NC_009744.1

- Tobacco vein banding mosaic virus NC_009994.1
- Habenaria mosaic virus NC_021786.1

Henbane mosaic virus AZL49325.1
Henbane mosaic virus SKO20ST2

- Henbane mosaic virus AZL49324.1

- Hyacinth mosaic virus NC_037051.1
- Lupinus mosaic virus NC_014898.1
- Konjac mosaic virus NC_007913.1

Rumex potyvirus 1 PLE20SW
Lotus latent virus MH705333.1

- Calystegia hederacea potyvirus MN735447.1
- Pecan mosaic-associated virus NC_030293.1
- Lettuce mosaic virus NC_003605.1
- Lettuce mosaic virus SKO20SW

Lettuce mosaic virus KOP20SW2
Carrot thin leaf virus NC_025254.1

- Carrot thin leaf virus KOR19SW
- Carrot thin leaf virus POR19SW
- Carrot thin leaf virus KOR20SW
- Yam mosaic virus NC_004752.1

Turnip mosaic virus NC_002509.2
Japanese yam mosaic virus NC_000947.1

- Tobacco etch virus NC_001555.1

- Euphorbia ringspot virus NC_031339.1

- Vanilla distortion mosaic virus NC 025250.1
- Tomato necrotic stunt virus NC_017824.1

Bidens mottle virus NC_014325.1
Potato virus Y NC_001616.1

- Pepper severe mosaic virus NC 008393.1
- Pepper mottle virus NC 001517.1

- Potato virus V NC_004010.1

- Peru tomato mosaic virus NC_004573.1
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Supplementary Figure 4-10.
Maximum likelihood phylogenetic
tree based aon the alignment of
conserved RNA-dependent RNA
polymerase amino acid sequence
of virus species under family
Tombusviridae (Tolivirales).

Supplementary Figure 4. Phylogenetic
trees up to the virus family (or order)
level showing relationships of identified
known (in bold black font) and novel (in
bold blue font) virus species from this
study, with the isolate names indicated.
GenBank accession numbers for the
viruses from this study can be found in
Supplementary Table 5, while GenBank
accession number (protein) are indicated
for known viruses in the tree. All details
of phylogenetic analyses can be found
above in Supplementary Table 10.

Providence virus AMQ67162.1 (Carmotetraviridae-outgroup)
——=====c=o Strawberry associated virus A QGX02202.1
r - Papaya meleira virus 2 AMU19322.1
———————— Babaco virus Q QMU24009.1
— Sugarcane umbra-like virus QMQ39166.1
[ -- Ethiopia maize-associated virus AWS06679.1
be----- Opuntia umbra-like virus AXG65483.1
- Citrus yellow vein-associated virus AGG23390.1
Plant tombusvirus-like associated RNA 2 POR19SW
- - Plant tombusvirus-like associated RNA 2 KOR20SW
- - - Plant tombusvirus-like associated RNA 3 KOR20SW
Arracacha latent virus E associated RNA AUD57825.1
Plant tombusvirus-like associated RNA 1 POR19SW
- - - Plant tombusvirus-like associated RNA 1 KOR20SW
- - - Carrot red leaf virus associated RNA BBH43068.1
Carrot red leaf luteovirus associated RNA AAB82543.1
- - - Pepper vein yellows virus-associated RNA Q0J53929.1
————— Tobacco bushy top disease-associated RNA ABV01917.1
Pepper vein yellows virus-associated RNA QRI93683.1
Beet western yellows virus associated RNA QOY47086.1
- - - Cucurbit aphid borne yellows virus associated RNA YP_009121770.1
----- Turnip yellows virus associated RNA2 QKG33149.1
----- Turnip yellows virus associated RNA QOY47099.1
’— Pea enation mosaic virus 2 NP_620846.3
——————— Tobacco bushy top virus NP_733848.2
- - ----- Groundnut rosette virus YP_009162058.1

E Ixeridium yellow mottle virus 2 YP_009352229.1
r Picris umbravirus 1 POR19SW
——————— Picris umbravirus 1 BOL20SW
|fTo======= Carrot mottle mimic virus NP_054007.4
- Carrot mottle virus YP_002302259.2

Pastinaca umbravirus 1 POR19SW
------- Pastinaca umbravirus 1 KOR20SW
- - - Oat chlorotic stunt virus NP_619751.1
— Carnation ringspot virus NP_619711.1
“1, Sweet clover necrotic mosaic virus NP_620674.3
Red clover necrotic mosaic virus NP_620523.2
- - Rose spring dwarf-associated virus YP_001949736.1
Barley yellow dwarf virus NP_037635.1
- Nectarine stem pitting associated virus YP_009143309.1
- Bean leafroll virus NP_563609.1
- Soybean dwarf virus NP_150431.3

Soybean dwarf virus MIR20SW
- Apple luteovirus 1 YP_009552848.1 Subtree,
- Cherry associated luteovirus YP_009316228.1 wit
Apple-associated luteovirus YP_009551922.1 collapsed
Leek white stripe virus NP_044740.1 clades
- - - Tobacco necrosis virus D NP_608311.1 shown'in
- - - Beet black scorch virus NP_758810.3 .
Ld Rice virus A YP_009407913.1 Fig. 9h

Maize white line mosaic virus YP_001285474.1
- - - Johnsongrass chlorotic stripe mosaic virus NP_945128.1
Convolvulus aureusvirus 1 BOL20SW
Pothos latent virus YP_009032634.1
Yam spherical virus YP_008828157.1
- - - Cucumber leaf spot virus YP_009032639.1
- - - Maize necrotic streak virus YP_459920.2 (Zeavirus)
Cucumber Bulgarian latent virus NP_835253.1
----- Eggplant mottled crinkle virus YP_008899611.1
----- Cucumber necrosis virus NP_040953.2
----- Cymbidium ringspot virus NP_613260.1
Pelargonium leaf curl virus YP_009259667.1
- - - Tomato bushy stunt virus NP_062897.1
@ - ---- Tomato bushy stunt virus STR20ST1
Tomato bushy stunt virus BUK19ST
Galinsoga mosaic virus NP_044732.1 (Gallantivirus)
‘F: ————— Furcraea necrotic streak virus YP_007517174.1 (Macanavirus)

Potato necrosis virus YP_009246408.1
Beta vulgaris Alphanecrovirus-1 QMS47724.1
: Corn salad necrosis virus AVY51824.1
¥ ---- Tobacco necrosis virus A NP_056825.2
F----- Tobacco necrosis virus A PAR19AT
Olive mild mosaic virus YP_224015.1
Olive latent virus 1 PAR19AT
————— Olive latent virus 1 NP_043907.1
————— Olive latent virus 1 KOP20ST
Olive latent virus 1 KOP19ST
- - - Maize chlorotic mottle virus NP_619718.1 (Machlomovirus)
- - Thin paspalum asymptomatic virus YP_008219057.1
- - Panicum mosaic virus NP_068342.1
Cocksfoot mild mosaic virus YP_002117834.1
- - Bermuda grass latent virus YP_009333133.1
- - - Pea stem necrosis virus NP_862835.2
Melon necrotic spot virus NP_041226.1
Lg Soybean yellow mottle mosaic virus YP_002333476.1
Cowpea mottle virus NP_619521.1
- - -Japanese iris necrotic ring virus NP_038454.1
Hibiscus chlorotic ringspot virus NP_619671.1
Turnip crinkle virus NP_620720.3
- - - Cardamine chlorotic fleck virus NP_041884.1
- - - Calystegia pelarspovirus 1 KOR20SW
Calystegia pelarspovirus 1 KOP20SW2
Clematis chlorotic mottle virus YP_009345600.1
- - - Pelargonium line pattern virus YP_238475.1
- - Pelargonium ringspot virus YP_009116639.1
Rosa rugosa leaf distortion virus YP_007501034.1
- - - Pelargonium chlorotic ring pattern virus YP_052925.1
- Trailing lespedeza virus 1 YP_004300263.3
- - - Gompholobium virus A YP_009270620.1
Calibrachoa mottle virus YP_008378651.1
Saguaro cactus virus NP_044382.1
- - - Angelonia flower break virus YP_459960.2
- - - Carnation mottle virus YP_009032645.1
Pelargonium flower break virus NP_945123.1
- - Honeysuckle ringspot virus YP_004191789.1
- - - Cichorium alphacarmovirus 1 BOL19SW
Cichorium alphacarmovirus 1 JUR20SW2
Cichorium alphacarmovirus 1 BOL20SW
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Supplementary Figure 4-11. Maximum likelihood phylogenetic tree based on the alignment of conserved RNA-
dependent RNA polymerase amino acid sequence of virus species under family Partitiviridae (Durnavirales).

Supplementary Figure 4. Phylogenetic trees up to the virus family (or order) level showing relationships of identified known (in
bold black font) and novel (in bold blue font) virus species from this study, with the isolate names indicated. GenBank accession
numbers for the viruses from this study can be found in Supplementary Table 5, while GenBank accession number (protein) are
indicated for known viruses in the tree. All details of phylogenetic analyses can be found above in Supplementary Table 10.
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Supplementary Figure 4-12.
Maximum likelihood phylogenetic tree
based on the alignment of conserved
replicase (C1 gene in DNA-A) amino
acid sequence of virus species under
family Geminiviridae (Geplafuvirales).

Supplementary Figure 4.
Phylogenetic trees up to the virus
family (or order) level showing
relationships of identified known (in
bold black font) and novel (in bold blue
font) virus species from this study,
with the isolate names indicated.
GenBank accession numbers for the
viruses from this study can be found in
Supplementary Table 5, while
GenBank accession number (protein)
are indicated for known viruses in the
tree. All details of phylogenetic
analyses can be found above in
Supplementary Table 10.
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Mulberry mosaic dwarf associated virus AKM94185.1 (unclassfied)
Passion fruit chlorotic mottle virus YP_009553196.1
Camellia chlorotic dwarf-associated virus YP_009553592.1
Paper mulberry leaf curling associated virus 1 QJX74409.1 (Mucrilevirus)
Exomis microphylla latent virus YP_009465982.1

Spinach curly top Arizona virus YP_004207925.1

Beet curly top Iran virus YP_001715621.1

Wild Vitis latent virus YP_009408627.1

Prunus latent virus YP_009666822.1

Grapevine red blotch virus YP_008400117.1

Plantago lanceolata latent virus YP_009506572.1 (Capulavirus)
Tomato apical leaf curl virus YP_009448200.1 (Topelivirus)
Alfalfa leaf curl virus YP_009162635.2

French bean severe leaf curl virus YP_006590005.1
Euphorbia caput-medusae latent virus YP_009255247 .1
Sweet potato symptomless virus 1 YP_009362982.1

Bean yellow dwarf virus NP_612221.2

Tobacco yellow dwarf virus NP_620727.1

Chickpea yellow dwarf virus YP_009104363.1

Oat dwarf virus YP_001941163.1

Eragrostis minor streak virus YP_004465365.1

Digitaria didactyla striate mosaic virus YP_003915160.1
Digitaria ciliaris striate mosaic virus YP_006666536.1
Paspalum striate mosaic virus YP_006659975.1

Paspalum dilatatum striate mosaic virus YP_006666524.1
Bromus catharticus striate mosaic virus YP_004089628.1
Rice latent virus 1 YP_009553476.1

Sporobolus striate mosaic virus 1 YP_006666528.1

Maize striate mosaic virus YP_009551897.1

Switchgrass mosaic-associated virus YP_009111310.1
Sugarcane white streak virus YP_009026389.1
Dragonfly-associated mastrevirus YP_007004039.1
Sugarcane striate virus YP_009389277.1

Wheat dwarf India virus YP_006273071.1

Maize streak Reunion virus YP_006331074.1

Maize streak dwarfing virus YP_010087228.1

Maize streak virus YP_009154763.1

Panicum streak virus NP_042590.1

Saccharum streak virus YP_003288768.1

Sugarcane streak Reunion virus NP_840053.1

Sugarcane chlorotic streak virus YP_009325927.1
Eragrostis streak virus YP_001686794.1

Spinach severe curly top virus YP_003966137
Horseradish curly top virus NP_066185.1

Melon chlorotic leaf curl virus NP_835275.1

Tomato common mosaic virus YP_001960955.1
Rhynchosia golden mosaic Yucatan virus YP_002753151.1
Bean leaf crumple virus YP_009666509.1

............. Corchorus golden mosaic virus YP_01333687.1
S Calystegia geminivirus 1 KOP20SW2

Kudzu mosaic virus YP_001333680.1

Soybean chlorotic blotch virus YP_003622559.1
Grapevine geminivirus A YP_009305428.1 (Maldovirus)
Turnip leaf roll virus YP_009226627.1 (Turncurtovirus)
Sesame curly top virus QLJ85078.1 (Turncurtovirus)
Tomato leaf curl Seychelles virus YP_001040016.1
Spinach yellow vein virus YP_008888542.1

Pepper yellow dwarf virus - Mexico YP_009362978.1
Apple geminivirus QIV15576.1 (Maldovirus)

Tomato leaf curl Anjouan virus YP_009508178.1
Asystasia mosaic Madagascar virus YP_009121940.1
Soybean mild mottle virus YP_003622552.1

Tomato yellow mottle virus YP_007250561.1

Cleome leaf crumple virus YP_004958242.1
Spilanthes yellow vein virus YP_001285764.1

Tomato chlorotic mottle Guyane virus YP_009508315.1
Macroptilium yellow mosaic virus YP_001876452.1
Tomato yellow leaf distortion virus YP_002268205.1
Bean chlorosis virus YP_007024783.1

Jatropha mosaic virus AHW57438.1

Macroptilium yellow spot virus YP_005352898.1
Datura leaf distortion virus YP_006860604.1

Tobacco mottle leaf curl virus YP_009508172.1

Sida yellow mottle virus YP_004901696.1

West African Asystasia virus 2 YP_009506567.1
Mimosa yellow leaf curl virus YP_001285734.1

Squash leaf curl Philippines virus YP_006443.1

Sweet potato mosaic virus YP_009338003.1

Ageratum enation virus NP_598190.1

— e mm e e m oo - Tomato pseudo-curly top virus NP 620735.1 (Topocuvirus)

Tomato rugose mosaic virus NP_066371.1
Tomato mild mosaic virus YP_001960948.1
Bean golden mosaic virus AIN36173.1
Tomato mottle wrinkle virus AlIT42273.1
Tomato leaf distortion virus YP_009506556.1
Tomato yellow spot virus YP_459916.1
Tomato dwarf leaf virus YP_004958249.1

——— - Opuntia virus 1 YP_010087795.1 (Opunvirus)

Tomato leaf curl Kumasi virus YP_002117527.1
Ageratum leaf curl Cameroon virus YP_003987454.1
Watermelon chlorotic stunt virus NP_620297.1
Tobacco leaf curl Comoros virus YP_009508152.1
Sri Lankan cassava maosaic virus NP_620867.1
Okra leaf curl virus YP_003084137.1

Hollyhock leaf curl virus YP_009508132.1

Pea leaf distortion virus YP_009344823.1

Malachra yellow mosaic virus YP_009508460.1
Cotton leaf curl virus YP_009316020.1

Tomato yellow leaf curl Indonesia virus YP_699993.1
Tomato leaf curl Cotabato virus YP_001718634.2
Juncus maritimus associated virus YP_009465987.1
Tomato leaf curl Cebu virus YP_001718622.1

Rose leaf curl virus YP_009051691.1

Tomato yellow leaf curl virus NP_658995.1

Tomato leaf curl virus NP_632006.1

Tomato leaf curl Karnataka virus NP_632012.1

Chilli leaf curl virus NP_803557.1

Honeysuckle yellow vein virus NP_991336.1
Eupatorium yellow vein virus YP_009664846.1
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— Totivims || —— Diatom colony associated dsRNA virus 8 YP_009551559.1
7777777777 Diatom colony associated dsRNA virus 13 YP_009551561.1
— [ eishmaniavirus 'm----------- Diatom colony associated dsRNA virus 3 YP_009553336.1
i . NN - Diatom colony associated dsRNA virus 9 genome type A YP_009551611.1
— Victorivirus || M —-----o- Diatom colony associated dsRNA virus 6 YP_009552791.1
unclassified || @ Lp---------- Diatom colony associated dsRNA virus 4 genome type B YP_009551609.1
toti-ike viruses 0 0 T Diatom colony associated dsRNA virus 4 genome type A YP_009551557.1

7777777777 Leishmania RNA virus 1 NP_041191.1

—————————— Leishmania RNA virus 2 NP_043465.1

—————————— Leishmania aethiopica RNA virus YP_009030005.1

== - - - - - - - - Ustilaginoidea virens RNA virus 1 YP_007761589.1
Diatom colony associated dsRNA virus 7 YP_009553338.1
Diatom colony associated dsRNA virus 11 YP_009552795.1
Diatom colony associated dsRNA virus 10 YP_009552793.1
Fusarium poae victorivirus 1 YP 009272905.1
Ustilaginoidea virens RNA virus 3 YP 009004156.1
Phomopsis vexans RNA virus YP 009115492.1

Nigrospora oryzae victorivirus 1 YP 009254736.1
Coniothyrium minitans RNA virus YP 392467.1

Alternaria arborescens victorivirus 1 YP 009553478.1
Sphaeropsis sapinea RNA virus 2 NP 047560.1
Magnaporthe oryzae virus 2 YP 001649206.1
Magnaporthe oryzae virus 3 YP 009143307.1

Penicillium digitatum virus 1 YP 009249475.1

Penicillium aurantiogriseum totivirus 1 YP 009212848.1
Ustilaginoidea virens RNA virus 5 YP 009182167.1
Eimeria brunetti RNA virus 1 NP 108651.1

Helicobasidium mompa totivirus 1-17 NP 898833.1
Botryosphaeria dothidea victorivirus 1 YP 009072433.1
Helminthosporium victoriae virus 190S NP 619670.2
Fusarium asiaticum victorivirus 1 YP 009552778.1
Tolypocladium cylindrosporum virus 1 YP 004089630.1
Botryotinia fuckeliana totivirus 1 YP 001109580.1
Sphaeropsis sapinea RNA virus 1 NP 047558.1

Beauveria bassiana victorivirus NZL/1980 YP 009032633.1
Sclerotinia nivalis victorivirus 1 YP 009259368.1
Aspergillus foetidus slow virus 1 YP 009508249.1
Ustilaginoidea virens RNA virus L YP 009094185.1
Beauveria bassiana victorivirus 1 YP 009508251.1

Supplementary Figure 4-13. Maximum likelihood phylogenetic tree based on the alignment of conserved RNA-
dependent RNA polymerase amino acid sequence of virus species under family Totiviridae (Ghabrivirales).

Supplementary Figure 4. Phylogenetic trees up to the virus family (or order) level showing relationships of identified known (in
bold black font) and novel (in bold blue font) virus species from this study, with the isolate names indicated. GenBank accession
numbers for the viruses from this study can be found in Supplementary Table 5, while GenBank accession number (protein) are
indicated for known viruses in the tree. All details of phylogenetic analyses can be found above in Supplementary Table 10.



A.2. Supplementary Material for Publication 2.2 201

Branch length scale: (amino acid substitution per site)
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7777777777777 Tobacco vein clearing virus NP_569141.1
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ffffff Soybean chlorotic mottle virus NP_068729.1
- - Peanut chlorotic streak virus NP_042513.1
Water chestnut soymovirus 1 YP_009254008.1
Plant associated soymovirus 1 KOP20SW2
ffffffffffffff Strawberry vein banding virus NP_043933.1
Rudbeckia flower distortion virus YP_002519387.1
fffffffffff Plant associated caulimovirus 1 KOP20SW2
Horseradish latent virus YP_006907834.1
4 | [¥------------- Cauliflower mosaic virus NP_056728.1
Carnation etched ring virus NP_612577.1
fffff Eupatorium vein clearing virus YP_001931967.1
Atractylodes mild mottle virus YP_009165750.1
777777777777 Soybean Putnam virus YP_006607892.1
ffffffffff Angelica bushy stunt virus YP_009666503.1
fffffffffff Lamium leaf distortion virus YP _001931961.1
fffffffff Figwort mosaic virus NP_619548.1
fffffffff Dahlia mosaic virus YP_006732334.1
fffffffff Mirabilis mosaic virus NP_659397.1

fffffffffffffff Pinus nigra virus 1 YP_ 009553669.1
_{ —----- Cicer arietinum XP_012568598.1
— Citrus endogenous pararetrovirus YP_008992013.1

ffffffff Rice tungro bacilliform virus NP_056762.1
Dioscorea nummularia-associated virus YP_009553219.1
—————————————— Sweet potato badnavirus B YP_002916057.1
Sweet potato pakakuy virus YP_004581513.1
777777777777777 Ivy ringspot-associated virus YP_010088024.1
Piper yellow mottle virus YP_008567619.1
Dioscorea bacilliform RT virus 2 YP_009508411.1
Commelina yellow mottle virus NP_039820.1
Canna yellow mottle associated virus YP_009259698.1
Banana streak OL virus NP_569150.1
Kalanchoe top-spotting virus NP_777317.1
Banana streak IM virus YP_004442839.1
Banana streak VN virus YP_233110.1
Taro bacilliform virus NP_758808.1
Cacao swollen shoot Ghana N virus YP_009552693.1
Citrus yellow mosaic virus NP_569153.1
Mulberry badnavirus 1 YP_009113237.2
70% Hibiscus bacilliform virus GD1 YP_009002585.1
Rubus yellow net virus YP_009116631.1
- 80% Pagoda yellow mosaic associated virus YP_009041481.1
Birch leaf roll-associated virus YP_009552737.1

~90% — - Cacao Bacilliform SriLanka Virus YP_009553548.1

/ ° Yacon necrotic mottle virus YP_009121747 .1
T | Jujube mosaic-associated virus YP_009408594.1
() 100% Pelargonium vein banding virus YP_003208050.1

ffffffffffff Cacao yellow vein banding virus YP_009345075.1

Blackberry virus F YP_009229919.1

bootstrap
support:

60%

Clade / Taxa

branch color:

— Solendovirus  — Vaccinivirus ~ — Ruflodivirus — Caulimovirus
Cavemovirus Caulimovirus ~ — Tungrovirus ~— unclassified species
Rosadnavirus Soymovirus  — Dioscovirus

Supplementary Figure 4-14. Maximum likelihood phylogenetic tree based on the alignment of conserved
reverse transcriptase (RT) amino acid sequence of virus species under family Caulimoviridae (Ortelivirales).

Supplementary Figure 4. Phylogenetic trees up to the virus family (or order) level showing relationships of identified known (in
bold black font) and novel (in bold blue font) virus species from this study, with the isolate names indicated. GenBank accession
numbers for the viruses from this study can be found in Supplementary Table 5, while GenBank accession number (protein) are
indicated for known viruses in the tree. All details of phylogenetic analyses can be found above in Supplementary Table 10.
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rice tungro spherical virus NP_042507 (Secoviridae-outgroup)
——————— maize chlorotic dwarf virus NP_619716 (Secoviridae-outgroup)

- Brevicoryne brassicae virus YP_001285409
—E Deformed wing virus NP_853560
- | Slow bee paralysis virus YP_003622540

- Hubei mosquito virus 1 YP_009337088
Totiviridae sp QKN88747
- Atrato Picorna-like virus QHA33691
- soybean thrips iflavirus 8 QQP18762
- Bundaberg bee virus 5 AWK77861
Iflavirus sp QJD20747
- Sacbrood virus AJA38040
- soybean thrips ifla-like virus 10 QQX28927
Darwin bee virus 4 AWK77851
- Darwin bee virus 2 AWK77843
——— - Lygus lineolaris virus 1 YP_009505598
- Bundaberg bee virus 4 AWK77860
Fitzroy Crossing iflavirus 1 QLJ83497
- Hubei arthropod virus 1 QQP18734
- Redbank virus QIJ25858
- Eriophyid mite-associated virus QVE55514
- tomato matilda virus AEM65163 (Australia-2009)
bootstrap - tomato matilda virus QDW8087 (ltaly-2018)
t: - tomato matilda virus STR20ST2
Support: tomato matilda virus POR19ST
60% - tomato matilda virus PAR19AT
- tomato matilda virus KOR19AT
70% -tomato matilda virus KOR19ST

—E white dead nettle mosaic virus BCR37043 (Secoviridae-outgroup)

O 80%

- Clade / Taxa
P

() 90% branch color:
O 100% — [flaviridae

Supplementary Figure 4-15. Maximum likelihood phylogenetic tree based on the alignment of conserved
RNA-dependent RNA polymerase amino acid sequence of virus species under Iflaviridae (Picornavirales),
highlighting isolates of Tomato matilda virus from this study.

Supplementary Figure 4. Phylogenetic trees up to the virus family (or order) level showing relationships of identified known (in
bold black font) and novel (in bold blue font) virus species from this study, with the isolate names indicated. GenBank accession
numbers for the viruses from this study can be found in Supplementary Table 5, while GenBank accession number (protein) are
indicated for known viruses in the tree. All details of phylogenetic analyses can be found above in Supplementary Table 10.
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——————————————— La Jolla virus KOP20SW1
—————————————— La Jolla virus YP_009140562.1
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——————————————— Hubei picorna-like virus 41 YP_009337750.1
——————————— Halyomorpha-halys-virus YP_008719809.1
——————————————— Totiviridae sp QJI53447.1
———————————————— Novo Mesto iflavirus 1 TUR20SW

——————————————— Totiviridae sp QKE60685.1
——————————————— Rice Picorna-like virus 3 QKN84404.1
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777777777777777777 Hubei picorna-like virus 36 YP_009336566.1
—————————————————— Hubei picorna-like virus 36 TUR20ST1
e e E L L LR Hubei picorna-like virus 36 JUR20AT
———————— Riboviria sp QRQ90180.1
7777777777 Kummerowia striata dicistrovirus QKK13171.1
-Picornavirales sp QDH87967.1
----Shahe picorna-like virus 11 YP_009336882.1
————————— Novo Mesto dicistrovirus 2 JUR20SW2
777777777 Dicistroviridae sp QQV35792.1
———————— Dicistroviridae sp QJ152026.1
————————————— Beihai picorna-like virus 74 YP_009333558.1
——————————————— Solenopsis invicta virus 12 QBL75901.1
7777777777777777 Hubei orthoptera virus 1 YP_009336557.1
————————————— Wuhan insect virus 11 YP_009342327.1
————————————— Novo Mesto dicistrovirus 1 JUR20SW1
—————————————— Linepithema humile virus 1 AWK91473.1
7777777777777 Acute bee paralysis virus QGL51678.1
bOOtStrap ————————————— Formica exsecta virus 1 YP_008888535.1
support: ] YA Kashmir bee virus NP_851403.1
-_ | Israeli acute paralysis virus ABY57949.1
60% | |\ Dicistroviridae sp QJI152174.1
———————————— Dicistroviridae sp QJI152054.1
o e Dicistroviridae sp QJ152001.1
70% ~Robinvale bee virus 6 AWK77870.1
-Leveillula taurica associated picorna-like virus 1 QLL27727.1
80% —--Cherry virus Trakiya YP_009551963.1
-—-Teucrium fruticans picorna-like virus QKK82985.1
o --Tetranychus urticae associated picorna-like virus 1 QIN54759.1
O 90% --Maize-associated picornavirus AUH27292.1
-—-Aphis glycines virus 1 AHC72013.1
) 100% -—--Aphis glycines virus 1 PLE20SW )
---Tetranychus truncatus clone 150 polyprotein-4 mRNAAYV89132.1
-—-Aphis glycines virus 1 QBS55237.1
---Aphis glycines virus 1 POR19ST

Clade /Taxa — [flaviridae — Dicistroviridae
branch color: Iflaviridae-like viruses Dicistroviridae-like viruses

Supplementary Figure 4-16. Maximum likelihood phylogenetic tree based on the alignment of conserved RNA-
dependent RNA polymerase amino acid sequence of virus and virus-like species classifiable under family
Dicistroviridae and Iflaviridae (Picornavirales).

Supplementary Figure 4. Phylogenetic trees up to the virus family (or order) level showing relationships of identified known (in
bold black font) and novel (in bold blue font) virus species from this study, with the isolate names indicated. GenBank accession
numbers for the viruses from this study can be found in Supplementary Table 5, while GenBank accession number (protein) are
indicated for known viruses in the tree. All details of phylogenetic analyses can be found above in Supplementary Table 10.
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Plant associated waikavirus 2 KOR20SW
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Plant associated sequivirus 1 KOR20SW
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- - - - Strawberry latent ringspot virus YP_227367.1
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————— Currant latent virus YP_009220374.1
————— Cherry rasp leaf virus YP_081444 .1
- - - Satsuma dwarf virus NP_620566.1
bootstrap — Chocolate lily virus A YP_004936170.1
support: || = -Dioscorea mosaic associated virus YP_009316187.1
- — {_l— - - - Strawberry mottle virus NP_599086.1
60% —— - - Black raspberry necrosis virus YP_654555.1
— - - Grapevine chrome mosaic virus NP_619705.1
70% - - Tomato black ring virus NP_958814.1
— |+ - Beet ringspot virus NP_620112.1
80% ~ - Artichoke Italian latent virus YP_009667034.1
° H - Tomato ringspot virus NP_620765.1
) —- Peach rosette mosaic virus YP_009351878.1
O 90% [~ Blueberry latent spherical virus YP_009507920.1
| - Potato virus U YP_009551543.1
O 100% — - Soybean latent spherical virus YP_009330271.1
Artichoke yellow ringspot virus YP_009508092.1
Blackcurrant reversion virus NP_612604.1
Grapevine deformation virus YP_006347591.1
- - Petunia chlorotic mottle virus YP_009342468.1
- - Melon mild mottle virus YP_009507921.1
- - - Grapevine fabavirus YP_009508869.1

Clade / Taxa
branch color:

— Torradovirus - - Gentian mosaic virus YP_002158824.1
o - - Broad bean wilt virus 2 NP_149012.1
Waikavirus - - Broad bean wilt virus 1 NP_945134.1
- - - Broad bean wilt virus 1 BUK19SW
Sequivirus Broad bean wilt virus 1 NGO19SW
— i - Broad bean wilt virus 1 STR20SW
lpomovirus - - Andean potato mottle virus QEG53549.1
Cheravirus - - Radish mosaic virus YP_001911126.1
, - - Turnip ringspot virus YP_003193665.1
— Sadwavirus - - Squash mosaic virus NP_620657.1
. ; - - Cowpea severe mosaic virus NP_619518.1
Nepovirus - Bean pod mottle virus NP_612349.1
Fabavirus - - Bean rugose mosaic virus YP_009175074.1
! - - Cowpea mosaic virus NP_613283.1
— Comovirus - - Broad bean true mosaic virus YP_008400121.1

- - Red clover mottle virus NP_620468.1

Supplementary Figure 4-17. Maximum likelihood phylogenetic tree based on the alignment of conserved RNA-
dependent RNA polymerase amino acid sequence of virus species under family Secoviridae (Picornavirales).

Supplementary Figure 4. Phylogenetic trees up to the virus family (or order) level showing relationships of identified known (in
bold black font) and novel (in bold blue font) virus species from this study, with the isolate names indicated. GenBank accession
numbers for the viruses from this study can be found in Supplementary Table 5, while GenBank accession number (protein) are
indicated for known viruses in the tree. All details of phylogenetic analyses can be found above in Supplementary Table 10.
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- - - - Ullucus polerovirus 1 AZF99031.1
- - Sugarcane yellow leaf virus NP_050007 .4
- - Plant associated polerovirus 3 POR19SW
————— Allium polerovirus A QED42837 .1
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i Luffa aphid-borne yellows virus AKS48297.1
Clade / Taxa Cotton leafroll dwarf virus AEK06220.1
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Barley virus G YP_009246451.1
————— Barley virus G POR19SW

— Sobemovirus
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Supplementary Figure 4-18. Maximum likelihood phylogenetic tree based on the alignment of conserved RNA-
dependent RNA polymerase amino acid sequence of virus species under family Solemoviridae (Sobelivirales).

Supplementary Figure 4. Phylogenetic trees up to the virus family (or order) level showing relationships of identified known (in
bold black font) and novel (in bold blue font) virus species from this study, with the isolate names indicated. GenBank accession
numbers for the viruses from this study can be found in Supplementary Table 5, while GenBank accession number (protein) are
indicated for known viruses in the tree. All details of phylogenetic analyses can be found above in Supplementary Table 10.
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Supplementary Figure 4-19. Maximum likelihood phylogenetic tree based on the alignment of conserved RNA-
dependent RNA polymerase amino acid sequence of virus species under order Tymovirales.

Supplementary Figure 4. Phylogenetic trees up to the virus family (or order) level showing relationships of identified known (in
bold black font) and novel (in bold blue font) virus species from this study, with the isolate names indicated. GenBank accession
numbers for the viruses from this study can be found in Supplementary Table 5, while GenBank accession number (protein) are
indicated for known viruses in the tree. All details of phylogenetic analyses can be found above in Supplementary Table 10.
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bootstrap - satellite tobacco necrosis virus C CAA04388.1

support: tobacco albetovirus 1 QWT83760.1
satellite tobacco necrosis virus 1 P03606.1
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branch color:
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Supplementary Figure 4-20. Maximum likelihood phylogenetic tree based on the alignment of conserved
coat protein amino acid sequence of satellite virus species with emphasis on genus Albetovirus.

Supplementary Figure 4. Phylogenetic trees up to the virus family (or order) level showing relationships of identified known (in
bold black font) and novel (in bold blue font) virus species from this study, with the isolate names indicated. GenBank accession
numbers for the viruses from this study can be found in Supplementary Table 5, while GenBank accession number (protein) are
indicated for known viruses in the tree. All details of phylogenetic analyses can be found above in Supplementary Table 10.
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Supplementary Figure 5. RT-PCR, TEM and nanopore sequencing results on the confirmation
of infectivity of Plantago tobamovirus 1 {PTV1) on Solanaceae hosts. a, b RT-PCR assays for
the detection of PTV1 in incculated and young apical (systemic) leaves at different time points. ¢
Transmission electron micrograph showing three virions of PTV1 from crude preparations of
infected Nicotiana clevelandii tissues. d Number and proportion of long reads mapping to PTV1
genome, derived from selected inoculated plants.
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Data source supplementary materials are available through Figshare doi:
10.6084 /m9.figshare.20200769

Supplementary Table 11-22. Summary of all results from the DnaSP v. 6 analyses.

Supplementary Table 23-42. Summary of all pairwise identity values from the SDT v.

1.2 analyses

Supplementary Table 43-47. Summary of all results from the protein domain prediction
using InterPro scans and homology alignments with known species of potyviruses to

identify start and cleavage sites of proteins.
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SUPPLEMENTARY MATERIAL

Supplementary Table 1. Summary of high throughput sequencing (HTS) kits and platforms used, viruses detected in pools and
information on detection of Ranunculus white mottle ophiovirus (RWMV) in each sequencing pool.

HTS pool ID / Sequencing kits, ~ Number of Reads of other Reads mapped to RWMV**, no.  Laboratory
sequencing approach and reads* and viruses detected of contigs assembled (longest identification
platform used length in the pool, aside  contig length in bp), % of codes of RWMV
from RWMV, reference covered, and the positive samples /
using HTS average read coverage depth GenBank
for the reference (ref.) used accession
numbers of
sequenced coat
protein amplicons
from each sample
D2017 / small RNA sequencing 1,439,218 BPEV, PepCV2 ref. = AY542957: D338/17 (pepper)
(TailorMi.x miRNAllibral’ielS (21-24 bp) 646 reads, 13 contigs (509 bp), I MZ507609
(Seqmatic, LLC)) in lllumina % reference covered = 47.88%
NextSeq average read coverage = 12.65
ref. = NC_043389:
222 reads, 1 contig (564 bp)
% reference covered = 14.04%
average read coverage = 0.97
D2019_P1 / ribosomal RNA- 14,240,153 CMV, BPEV, ref. = AY542957: D433/19 (pepper)
depleted total RNA sequencing (<150 bp, TMaV, TNVA 27 reads, 1 contig (1255 bp), 1 MZ507608
(Strand-specific CDNA libraries  pajred-end) % reference covered = 96.14%
(Seqmatic, LLC)) in lllumina average read coverage = 3.77
HiSe
a ref. = NC_043389:
4 reads, 2 contigs (268 bp)
% reference covered = 12.20%
average read coverage = 0.15
D2020_P1 / ribosomal RNA- 2,472,511 CMV, PVY, STV,  ref. = AY542957: D534/20 (tomato)
depleted total RNA sequencing (<50 bp, OLV1 1 read, 1 contig (251 bp) I MZ507604 and
(Nextera XT libraries (lllumina))  pajred-end) % reference covered = 23.61%  D625/20 (tomato)
in lllumina MiSeq average read coverage =0.24 [ MZ507607
ref. = NC_043389:
1 read, 1 contig (251 bp)
% reference covered = 6.25%
average read coverage = 0.89
D2020_P3 / ribosomal RNA- 2,448,828 CMV, PVY, ref. = AY542957: 0 reads; D536/20 (tomato)
depleted total RNA sequencing (<250 bp, BPEV, BBWV1, ref. = NC_043389: 1 MZ507605 and
(Nextera XT libraries (lllumina))  paired-end) STV, OLV1, ' - D537/20 (tomato)
in lllumina MiSeq Sniv1 2 reads, 1 contig (282 bp) / MZ507606

% reference covered = 7.02%
average read coverage = 0.12
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Note: *number of adapter-trimmed and quality-filtered (=95% probability score) reads; **number of adapter-trimmed and quality-
filtered reads mapping to RWMV sequences in GenBank (reference (ref.) = AY542957 (coat protein gene, partial cds) and
NC_043389 (putative RNA-dependent RNA polymerase, partial cds)). Mapping was done in CLC Genomics Workbench (v. 20.0,
Qiagen), with parameters: no reference masking, match score=1, mismatch cost=2, with linear gap cost (insertion cost=3, deletion
cost=3), and executed as random mapping with 290% similarity and read length fraction. Virus acronyms: BBWV1 - broad bean
wilt virus 1, BPEV - bell pepper alphaendornavirus, CMV - cucumber mosaic virus, OLV1 - olive latent virus 1, PepCV2 - pepper
cryptic virus 2, PVY - potato virus Y, SnIV1 - Solanum nigrum ilarvirus 1, STV - southern tomato virus, TMaV - tomato matilda virus,
TNVA - tobacco necrosis virus A.

Supplementary Table 2. Primers and thermocycling conditions used for confirming Ranunculus white mottle ophiovirus in individual
plant samples. Target region and amplicon size are also indicated.

Forward primer: 5’ -TGTGTGTTCATCTCTCTTCTGC-3"
Reverse primer: 5’ -ACAGGGAAGTGAATCACACCTA-3"
RT-PCR kit used QIAGEN OneStep RT-PCR Kit
RT-PCR program used:
Reverse transcription step (1 cycle): 30 min at50°C
15 min_at 95°C
PCR step (35 cycles): 0.5min at94°C
0.5 min at 55°C 35 cycles
1.0 min at72°C
Extension step (1 cycle): 10 min _at72°C
Target region: around the 800-1300 region of RNA 3 segment cading for coat protein

Product size: 493 bp
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(d) Solanum lycopersicum D536/20 (e) Solanum Iycopersicum D537/20

Supplementary Figure 1. Photos from the field of pepper and tomato samples that tested positive for Ranunculus white mottle
ophiovirus (RWMV) using RT-PCR. (a), (b) The pepper sample was collected in July 2017 and showed virus disease-like symptoms,
such as interveinal chlorosis or yellowing, while midrib and veins remain green. Symptoms in mature leaves or flowers include mottling
and chlorosis, coupled with slight to almost full curling of leaves from lamina inward, as well as necrotic and aborted flowers. Aside
from RWMV, bell pepper alphaendornavirus and pepper cryptic virus 2 are the only viruses detected in the sequencing pool where
the plant sample shown here belongs. However, these viruses are not known to be associated with any disease symptoms. (c), (d)
and (e) show tomato samples that tested positive for RWMV, that show the interveinal yellowing symptoms. There are other viruses
detected in the tomato samples that may contribute to the symptoms shown. Thus, it is difficult to associate observed symptoms in
tomato to single RWMV infection.
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RWMV _isolate-D433/19_QZL13785_SW-Slovenia_Pepper-2019
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100,

Supplementary Figure 2. Maximum likelihood phylogenetic trees based on the alignment of (a) conserved 124 amino acids
sequence segment of the coat protein, and (b) the corresponding conserved 374 nucleotide segment of RNA 3 coding for the
coat protein, of Ranunculus white mottle ophiovirus isolates from Slovenia and other known ophioviruses (Aspiviridae) used
as outgroup (NCBI accession numbers are indicated). Alignments were done using ClustalW (Thompson et al., 1994), and
after trimming, MAFFT alignment (Katoh and Standley, 2013) and further trimming of the alignments with trimAl (Capella-
Gutiérrez et al., 2009) were performed. The final phylogenetic trees shown have the highest log likelihood value inferred with
1000 bootstrap replicates (Felsenstein, 1985), and are based on Le_Gascuel_2008 model (Le and Gascuel, 2008) with
discrete Gamma distribution for (a) and Hasegawa-Kishino-Yano model (Hasegawa et al., 1985) with discrete Gamma
distribution for (b). The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test
(>50% suppart) is shown next to the branches. The trees are drawn to scale for easier visualization, with branch lengths
measured in the number of amino acid substitutions per site in (a) or nucleotide substitutions per site in (b). Pairwise similarity
of aligned and trimmed nucleotide sequences relative to the Italian isolate AY542957 are shown in each tree node in (b).
ClustalW alignment, manual trimming and pairwise similarity analysis were done in CLC Genomics Workbench (Qiagen).
MAFFT was executed in EMBL-EBI website (www.ebi.ac.uk/Tools/msa/mafft/), and trimAl was downloaded from
<www.trimal.cgenomics.org> and was executed in command line, with ‘automated1’ option. Best model testing, substitution
matrix estimation and phylogenetic tree construction were done in MEGA X (Kumar et al., 2018), and the final phylogenetic
tree was edited in CLC Genomics Workbench (Qiagen).
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Publication 2.2 “In-depth study of tomato and weed viromes reveals undiscovered plant
virus diversity in an agroecosystem” is a pre-print article publicly available at bioRziv
(available through this doi: https://www.biorxiv.org/content/10.1101/2022.06.30.498278).
The preprint server states that, “All preprints on the platform are published under a CC-
BY 4.0 license (Creative Commons — Attribution 4.0 International — CC BY 4.0).”

This means that users are free to:
Share — copy and redistribute the material in any medium or format
Adapt — remix, transform, and build upon the material
for any purpose, even commercially.
Under the following terms:
Attribution — You must give appropriate credit, provide a link to the license, and
indicate if changes were made. You may do so in any reasonable manner, but not
in any way that suggests the licensor endorses you or your use.
No additional restrictions — You may not apply legal terms or technological
measures that legally restrict others from doing anything the license permits.

For more guidance on licensing and reprints, please see the “Submission Guide FAQ”
through this link: https: //www.biorxiv.org/submit-a-manuscript. See the complete “Terms
of Distribution” below.

TERMS OF DISTRIBUTION

After an article is deposited in bioRxiv, it is
citable and therefore cannot be removed. The
copyright remains with the author, who is asked
to select from several distribution/reuse options
under which to make the article available (CC
BY, CC BY-NC, CC BY-ND, CC BY-NC-ND,
CCO0, or no reuse). By posting on bioRxiv,
authors explicitly consent to text mining of their
work (e.g., by search engines or researchers).

bioRxiv reserves the right to identify and remove
any articles that contain plagiarized material or
describe experimental work that is not
performed in accordance with the relevant
ethical standards for research using animals or

human subjects.
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Publication 2.3 “First Report of Ranunculus white mottle ophiovirus in Slovenia in Pepper
with yellow leaf curling symptom and in Tomato” is an accepted article publicly available
at the Plant Disease Journal (American Phytopathological Society (APS)). It is under the
CC-BY 4.0 license (Creative Commons — Attribution 4.0 International — CC BY 4.0).”

This means that users are free to:
Share — copy and redistribute the material in any medium or format
Adapt — remix, transform, and build upon the material
for any purpose, even commercially.
Under the following terms:
Attribution — You must give appropriate credit, provide a link to the license, and
indicate if changes were made. You may do so in any reasonable manner, but not
in any way that suggests the licensor endorses you or your use.
No additional restrictions — You may not apply legal terms or technological
measures that legally restrict others from doing anything the license permits.

As per guidelines by the APS Journal Copyright and Permissions (apsnet.org):

“Authors of APS-copyrighted material who wish to reprint figures or tables in their own
other personal works and in other works of the authors' institutions may do so without
restriction. The reprinted material should be credited as follows:

For further guidance on licensing and reprints, please see the links to the Terms and
Conditions (apsnet.org) and Copyright and Permissions (apsnet.org) of the APS Journals.
See the next pages for the complete details of these guidelines.
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Information > Rights and Permissions

Rights and Permissions

All APS copyrighted materials must be used in accord with current United States and
international copyright law, except as specifically stated or licensed otherwise by
APS. These copyright restrictions apply to publications in all media including print,
photocopy, photographic, digital, and online.

See APS Intellectual Property Rights Policies for details.

Except as stated below, authors wishing to reproduce materials copyrighted by APS
must obtain permission to do so in writing. Permissions can be obtained through the
Copyright Clearance Center.

Authors of APS-copyrighted material who wish to reprint figures or tables in their
own other personal works and in other works of the authors' institutions may do so
without restriction. The reprinted material should be credited as follows:

Reprinted from [authors], [year of publication], [title], [journal] [volume]:
[page rangel.

Materials created by federal employees as part of their official duties are in the
public domain and so noted on the first page of such articles and may be freely
reproduced with customary crediting of the source:

Reprinted from [authors], [year of publication], [title], [journal] [volume]:
[page rangel.

Creative Commons: Articles displaying either of the Creative Commons logos have
agreed to be bound by the terms and conditions of the Creative Commons
Attribution 4.0 International Public License.

CC BY-NC-ND (Attribution-NonCommercial-NoDerivatives)
CC BY (Attribution)

For Phytobiomes Journal only: APS copyrighted material in this journal may be shared
for noncommercial purposes as long as proper credit and citation is given and you
provide a link to the original source article. You may not change or distribute a
modified version of the article and you may not restrict or imply any legal terms or
ownership or license.
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Information > Terms and Conditions

Terms and Conditions
Copyright

APS Publications are copyrighted and content may not be republished or
redistributed except by written permission or as may otherwise be indicated. All
content must be used "as is." Editing or modification of published materials is
prohibited, including extraction of text or images for other use. Distribution of
material from APS Publications on the Internet or other external network without
permission is explicitly prohibited.

All APS copyrighted materials must be used in accord with current United States and
international copyright law except as specifically stated or licensed otherwise by APS.
These copyright restrictions apply to publications in all media including print,
photocopy, photographic, digital, and online.

APS copyrighted materials may not be duplicated in any way without written
permission except as provided for by fair use. In determining fair use, these four
criteria must all be appropriately satisfied: 1) the purpose and character of the use,
including whether such use is of a commercial nature or is for nonprofit purposes; 2)
the nature of the copyrighted work; 3) the amount and substantiality of the portion
used in relation to the copyrighted work as a whole; and 4) the effect of the use upon
the potential market for or value of the copyrighted work. APS considers limited
distribution of limited amounts of material for free, educational use to be fair.

APS has sole authority to grant permission for use of its copyrighted materials to
parties other than the author or the author's institution. APS acts as a central
clearinghouse in this regard without requiring further permission from its authors.

Subscription Areas

Some content resides in designated subscription areas. Its use is restricted to current
paid individual or institutional subscribers and is subject to all copyright restrictions
above. Active subscribers may view, print, and save content for their own personal,
noncommercial work and teaching.

Institutional access to APS Publications Online requires no formal license agreement.
However, libraries must adhere to the APS Terms of Use.
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