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Abstract

An increasing number of plant viruses and viroids have been reported from all over the world due largely to metavirogenom-
ics approaches with technological innovation. Herein, the official changes of virus taxonomy, including the establishment of
megataxonomy and amendments of the codes of virus classification and nomenclature, recently made by the International
Committee on Taxonomy of Viruses were summarized. The continued efforts of the plant virology community of Japan
to index all plant viruses and viroids occurring in Japan, which represent 407 viruses, including 303 virus species and 104
unclassified viruses, and 25 viroids, including 20 species and 5 unclassified viroids, as of October 2021, were also intro-
duced. These viruses and viroids are collectively classified into 81 genera within 26 families of 3 kingdoms (Shotokuvirae,
Orthornavirae, Pararnavirae) across 2 realms (Monodnaviria and Riboviria). This review also overviewed how Japan’s
plant virus/viroid studies have contributed to advance virus/viroid taxonomy.
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Introduction

The Phytopathological Society of Japan (PSJ) was estab-
lished in 1916 and is among the oldest phytopathological
societies in the world. The PSJ or her members have con-
tributed to a great extent to the advancement of virology
since then. Examples include discoveries of many new plant
viruses (see below), the first demonstration of the transmis-
sion of a plant virus by vector insects (Ando 1910) and
ovarial transmission (Fukushi 1933, 1969), discovery of
the oldest record of a plant virus disease (see below; Inouye
and Osaki 1980), development of a protoplast system for
virus research (Takebe and Otsuki, 1969), discovery of the
cell-to-cell movement function of a plant virus (Nishiguchi
et al. 1978) and development of a plant virus vaccine and its
commercialization (Natsuaki 2011). The Plant Virus Disease
Study Group (PVDSG) and Plant Virus Taxonomy Commit-
tee (PVTC) were created under the PSJ organization in 1989
and 1990, respectively. The PVDSG offers workshops with
state-of-the-art talks usually every 2 years that cover related
plant virus diseases from basic to applied perspectives and
discuss relevant issues. The proceedings are published for
every workshop (ISSN 0919-2956). The PVTC has played
important roles in indexing all viruses occurring in Japan
and examining and approving their Japanese and English
names proposed mainly by their discoverers. The PVTC pro-
vides a list of “Plant viruses and viroids occurring in Japan”
at https://www.ppsj.org/pdf/mokuroku-viroid_2021.pdf?
1005 and updates it on a regular basis. This list allows the
community to know whether a virus of interest has already
been identified in Japan. Of over 1000 recognized plant
virus/viroid species, 409 virus species are currently listed
(see below). The Plant Protection Station of Japan (PPS)
and the Control Station for Pests (CSP) of each prefecture
are of great help in screening for newly emerged viruses in
Japan. The PPS performs plant virus surveillance to deter-
mine whether imported materials (seeds or seedlings) are
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infected with viruses. The CSP makes tremendous efforts to
survey the occurrence of plant pests, including viruses, at the
field level and report on newly identified emerging diseases
and pests. More than 300 reports have been published for
virus emergence in the past 20 years.

Metaviromic analyses revolutionized contemporary virol-
ogy and have impacted many associated areas, including
studies on virus taxonomy, diversity, phylogeny and evolu-
tion, and etiology (Dolja and Koonin 2018). In particular,
a vast number of virus-like sequences have increasingly
been reported from various sources, such as environmen-
tal samples, insects, fungi, and plants, and many of them
have been shown to belong to new taxa. Unusual viruses
with as-yet-unreported genome structures have been found,
and the virus taxonomy of the International Committee
on Taxonomy of Viruses (ICTV) has been modified to a
great extent. A few main changes made to the ICTV tax-
onomy include the approval of virus species based solely
on the genomic sequences covering entire coding domains
but lacking their terminal non-coding sequences or without
the biological characterization of their members (Walker
et al. 2019). Thus, putative viral sequences (metagenomes)
derived from metagenomic/transcriptomic analyses can be
approved by the ICTV, even without confirming their origi-
nal host organisms or infectivity. “CMI/AAB Descriptions of
Plant Viruses,” published by the Commonwealth Mycologi-
cal Institute and The Association of Applied Biologists and
is now available online https://www.dpvweb.net/, was well
received as an encyclopedia of plant viruses and cited by the
community. Chapters of this series provide very useful, reli-
able information on many properties, including the biologi-
cal activity of each virus. However, sufficient information
is no longer available for many species recently approved
by the ICTV on the basis of metagenomic/transcriptomic
analysis. An even greater change has occurred in the estab-
lishment of virus megataxonomy (Koonin et al. 2020), as
exemplified by the creation of higher taxa such as “realms,”
“kingdoms,” “phyla,” and “orders” (see below; Siddell et al.
2019). Lastly, the binominal “genus-species” naming system
for virus species, i.e., a genus name + a species epithet, has
been adopted by the ICTV, which could be (1) Genus + Latin
or Latinized epithet, (2) Genus + alphanumeric epithet, or
(3) Genus + freeform (Siddell et al. 2020). In the case of
“Tobacco mosaic virus” for example, a change of the species
to “Tobamovirus tmv,” “Tobamovirus tabaci,” “Tobamovi-
rus mosium,” “Tobamovirus nicotianae,” or “Tobamovirus
iwanowskii” will occur (Siddell et al. 2020). In the transi-
tion period, there will be a chaotic mixture of two naming
systems, binominal and free form.

Given the reorganization of virus taxonomy and changes
in ICTYV rules, the PVDSG and PVTC decided to collabo-
rate to prepare an article that introduces the PSJ’s contribu-
tions to ICTV taxonomy. This review provides information
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on what has been changed from the early virus taxonomy,
what plant viruses have been reported from Japan thus far,
and how virus research in Japan has contributed to virus
taxonomy. Therefore, the readers are referred to some other
elegant reviews for epidemiological information on plant
viruses occurring in Japan (Hibi and Ohki 2015; Tsuda
2021) and appraisal of the many achievements made by the
PSJ and her members (Yoshikawa et al. 2015). We would
like to apologize for being unable to cite all related articles
due to page limitations.

Megataxonomy of viruses recently
established by the ICTV

The construction of a classification system is essential for
analyzing the functions and characteristics of living organ-
isms and studying their relationships with other species by
objectively comparing and contrasting them. Viruses also
have a genome and express some functions from that of their
host organism; thus, the same concept can be applied. Since
the discovery of tobacco mosaic virus established the con-
cept of a “virus,” a vast number of virus species have been
found in animals (vertebrates, invertebrates, and protozoa),
plants (higher plants and algae), fungi, bacteria, and archaea.
The ICTV was established in 1973 for the classification and
nomenclature of viruses, including viroids and satellites,
based on various characteristics, such as the molecular com-
position of the genome; the structure of the virus capsid and
whether or not it is enveloped; the gene expression program
used to produce virus proteins; host range; pathogenicity;
and sequence similarity. However, as new viruses have been
continuously discovered since then, the classification criteria
have been revised at a dizzying pace almost every year.

In 2014, the 29th edition of the master species list (MSL
29) was published by the ICTYV, in which viruses were clas-
sified into 7 orders, 104 families (23 subfamilies), 505 gen-
era, and 3185 species based on the criteria of the 9th ICTV
report. The following year, Hibi and Ohki (2015) published
the “Encyclopedia of Plant Viruses,” which included 3
orders, 25 families (3 subfamilies), 112 genera, and 1235
species of plant and fungus viruses that had been discovered
all over the world, according to the criteria of ICTV MSL29.
However, the ICTV continued to subdivide the virus clas-
sification system, and ICTV MSL33 was published in 2018
with “Phylum” and “Class” being added to the previous
“Order.” In ICTV MSL34, which was additionally published
in the same year, “Realm,” which corresponds to the domain
newly established in the taxonomic class of organisms as
a result of molecular phylogenetic analysis, was placed at
the top. In the 35th MSL in 2019, “Kingdom” was added
between "Realm" and "Phylum" to complete the prototype of
the current virus classification system. According to ICTV

MSL36 issued in 2021 (https://talk.ictvonline.org/files/
master-species-lists/m/msl/12314), all viruses established
as species can be classified into 6 realms, 10 kingdoms, 17
phyla (2 subphyla), 39 classes, 59 orders (8 suborders), 189
families (136 subfamilies), 2224 genera (70 subgenera), and
9110 species. Among them, plant and fungus viruses and
viroids, including satellites, contain 2 realms, 3 kingdoms,
7 phyla (2 subphyla), 16 classes, 19 orders, 46 families (12
subfamilies), 193 genera (5 subgenera), and 2134 species.
Notably during this period, “Tolecusatellitidae,” as a new
family was established in ICTV MSL31 published in 2016,
for satellite nucleotides incorporated into virus particles of
members of the family Geminiviridae, and the genera Beta-
satellite and Deltasatellite were generated directly under the
family. The following year, in ICTV MSL32, the satellite
nucleotides associated with viruses of the families Gemi-
niviridae and Nanoviridae were established as the family
Alphasatellitidae, containing the two subfamilies, Gemini-
alphasatellitinae and Nanalphasatellitinae, and the subfam-
ily Petromoalphasatellitinae was subsequently added to the
family (Tsuda 2021).

However, as evidenced by the review process of the virus
classification system over the past 50 years, improvements
to the system are still being made at an ever-increasing pace.
Detailed international information on virus classification,
including the 10th ICTV report and the latest classification
list, can be obtained from the ICTV website (https://talk.
ictvonline.org). In the latest version of ICTV MSL36, some
viruses have been renamed and others have been reassigned
to new classes for classification.

The nomenclature of viruses has been under debate in
the international arena since the inception of the ICTV, and
the future of nomenclature remains unpredictable. For the
past half century, the scientific nomenclature of viruses
has been based not on the Latinized (Linnaean) binomial
nomenclature for animals and plants but on the non-Lat-
inized binomial nomenclature that reflects the parasitic
nature of viruses, biological phenomena, and so on (Van
Regenmortel 2019). However, some members of the ICTV
executive committee suggested that viral genome databases
had accumulated so much in this century that it was time to
apply the Latinized binomial nomenclature (Siddell et al.
2020). A review of the nomenclature is currently being
actively discussed on the ICTV website (https://talk.ictvo
nline.org/files/ictv_documents/m/binomial-nomenclature).
As we write this manuscript, the Archives of Virology, the
official journal of the ICTYV, has excitingly been publishing
passionate papers by taxonomists advocating the retention of
the non-Latinized nomenclature or proposing the develop-
ment of new nomenclature so that both virologist and non-
virologist stakeholders can be well understood by each other
(Gibbs 2020; Hull and Rima 2020). Virologists, as well as
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Riboviria
Orthornavirae  order family (subfamily) phylum
— Ghabrivirales Totiviridae*
Reovirales Reoviridae (Sedoreovirinae, Spinareovirinae) Duplornaviricota
b Mindivirales
Hepelivirales Benyviridae
Martellivirales Bromoviridae, Closteroviridae, Endornaviridae, Kitaviridae*, Mayoviridae, Virgaviridae
Tymovirales Alphaflexiviridae, Betaflexiviridae (Quinvirinae, Trivirinae), Tymoviridae
Kitrinoviricota
Amarillovirales
l— Nodamuvirales
L— Tolivirales Tombusviridae (Calvusvirinae, Procedovirinae, Regressovirinae*®)
- — Wolframvirales
Cryppavirales Lenaviricota
b Ourlivirales Botourmiaviridae*
— Serpentovirales Aspiviridae
— [Mononegavirales  Rhabdoviridae (Betarhabdovirinae) Negarnaviricota
—— Bunyavirales Fimoviridae, Phenuiviridae, Tospoviridae
— Durnavirales Amalgaviridae, Partitiviridae
Nidovirales
Picornavirales Secoviridae (Comovirinae) Pisuviricota
Sobelivirales Solemoviridae
Potyviridae

_| Patatavirales
Stellavirales

Fig.1 Cladogram of members of the kingdom Orthornavirae. The
orders that accommodate plant viruses are indicated by bold red let-
ters, while only families containing plant viruses are shown. Asterisks

life scientists, should keep a close eye on this debate, as it
will be relevant to them when they write their papers.

Taxonomic placement of plant viruses/
viroids reported from Japan

The plant viruses, viroids, and satellites reported in Japan
before 2021 are summarized in Fig. 1, Table 1 and Sup-
plementary Table S1. Many of these isolates are available
from the National Agriculture and Food Research Organi-
zation (NARO) GeneBank https://www.gene.affrc.go.jp/
databases-micro_pl_diseases_en.php. The viruses belong
to 2 realms, 3 kingdoms, 6 phyla, 12 classes, 15 orders, 24
families, 75 genera, and 407 species, including 104 unclas-
sified species. The viroids are classified into 2 families, 6
genera, and 25 species, including 5 unclassified species.

@ Springer

represent families or subfamily containing plant viruses that have not
been found in Japan

In addition, six species of the genus Betasatellite and one
unclassified satellite species have been recognized. In a
decade with the diffusion of deep sequencing technologies,
newly identified viruses have been increasing at a rapid pace.
In fact, the Encyclopedia of Plant Viruses published in 2015
(Hibi and Ohki) listed 349 species as viruses reported in
Japan. Thus, about 60 species have been newly reported in
just over 5 years. Of these, 28 viruses, such as citrus leaf
blotch virus, plum bark necrosis stem pitting-associated
virus, and pelargonium zonate spot virus, have been found
by deep sequencing (Ito and Sato 2020; Uehara-Ichiki et al.
2018; Kamitani et al. 2017). Eighteen of these viruses rep-
resent 18 novel species that had never before been reported
in the world, and the remaining viruses were found for the
first time to occur in Japan. Reports of virus infection in
woody fruit trees, flowers, and medicinal plants are espe-
cially increasing. The PPS has exercised vigilance against
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Table 1 List of plant viruses, viroids, and satellites reported in Japan

Class Order Family Genus (the numbers of species)®
Virus
Realm Monodnaviria

Kingdom Shotokuvirae, Phylum Cressdnaviricota

Arfiviricetes Mulpavirales Nanoviridae

Repensiviricetes Geplafuvirales Geminiviridae
Realm Riboviria
Kingdom Orthornavirae, Phylum Duplornaviricota
Resentoviricetes Reovirales Reoviridae
Kingdom Orthornavirae, Phylum Kitrinoviricota
Alsuviricetes

Hepelivirales Benyviridae

Martellivirales ~ Bromoviridae
Closteroviridae
Endornaviridae
Mayoviridae
Virgaviridae
Tymovirales Alphaflexiviridae

Betaflexiviridae

Tymoviridae

Tolucaviricetes  Tolivirales Tombusviridae

Kingdom Orthornavirae, Phylum Negarnaviricota

Milneviricetes ~ Serpentovirales — Aspiviridae
Monjiviricetes Mononegavirales Rhabdoviridae
Ellioviricetes Bunyavirales Fimoviridae
Phenuiviridae
Tospoviridae

Kingdom Orthornavirae, Phylum Pisuviricota

Duplopiviricetes Durnavirales Fartitiviridae
Pisoniviricetes  Picornavirales Secoviridae

Sobelivirales Solemoviridae
Stelpaviricetes  Patatavirales Potyviridae

Kingdom Pararnavirae, Phylum Artverviricota

Babuvirus (1), Nanovirus (1)

Begomovirus (8), Maldovirus (1), Mastrevirus (1)

Fijivirus (2), Oryzavirus (1), Phytoreovirus (1)

Benyvirus (2)

Alfamovirus (1), Anulavirus (2), Cucumovirus (3), llarvirus (7)

Ampelovirus (5), Closterovirus (7), Crinivirus (3), Velarivirus (2), unassigned (2)
Alphaendornavirus (2)

Idaeovirus (1)

Furovirus (3), Goravirus (1), Hordeivirus (1), Pomovirus (2), Tobamovirus (15),
Tobravirus (1)

Allexivirus (5), Potexvirus (17)

Capillovirus (2), Carlavirus (19), Citrivirus (1), Foveavirus (3), Robigovirus (2),
Trichovirus (2), Vitivirus (3)

Maculavirus (1), Tymovirus (2), unassigned (1)

Alphacarmovirus (2), Alphanecrovirus (2), Betacarmovirus (2), Betanecrovirus (1),
Gammacarmovirus (2), Luteovirus (2), Tombusvirus (5), Umbravirus (2)

Ophiovirus (5)

Alphanucleorhabdovirus (1), Cytorhabdovirus (3), Dichorhavirus (1), Varicosavi-
rus (1)

Emaravirus (2)
Tenuivirus (2)

Orthotospovirus (7)

Alphapartitivirus (3), Betapartitivirus (1), Deltaparititivirus (2), unassigned (8)

Cheravirus (1), Comovirus (2), Fabavirus (4), Nepovirus (10), Sadwavirus (2),
Torradovirus (1), Waikavirus (1)

Enamovirus (1), Polerovirus (5), Sobemovirus (6), unassigned (1)

Bymovirus (4), Macluravirus (2), Potyvirus (63), Roymovirus (1), Rymovirus (1)

Revtraviricetes  Ortervirales Caulimoviridae  Badnavirus (2), Caulimovirus (5), Petuvirus (1), Soymovirus (2)
Total 15 24 75 (303 species and 104 unclassified viruses, total 407 viruses)
Class Order Family Genus (the numbers of species)®
Viroid
Avsunviroidae Pelamoviroid (2)
Pospiviroidae Apscaviroid (9), Cocadviroid (2), Coleviroid (1), Hostuviroid (2), Pospiviroid (4)
Total
2 6 (20 species and 5 unclassified viroids, total 25 viroids)
Class Order Family Genus (the numbers of species)?
Satellite
Tolecusatellitidae Betasatellite (6)
Total
1 1 (6 species and 1 unclassified satellite, total 7 satellites)

#The number of species belonging to each genus

@ Springer
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Table 2 Major viruses of plant
quarantine concern in Japan

Family Genus

Abbreviation of
exemplar strain

Species

Geminiviridae Begomovirus Tomato leaf curl New Delhi virus ToLCNDV
Alphaflexiviridae Potexvirus Pepino mosaic virus PepMV
Caulimoviridae Tungrovirus Rice tungro bacilliform virus RTBV
Closteroviridae Crinivirus Sweet potato chlorotic stunt virus SPCSV
Nanoviridae Nanovirus Faba bean necrotic yellows virus FbNYV
Potyviridae Ipomovirus Sweet potato mild mottle virus SpMMV
Tritimovirus Wheat streak mosaic virus WSMV
Secoviridae Comovirus Broad bean stain virus BBSV
Tombusviridae Machlomovirus Maize chlorotic mottle virus MCMV
Virgaviridae Tobamovirus Tomato brown rugose fruit virus ToBRFV
Tomato mottle mosaic virus ToMMV
Zucchini green mottle mosaic virus ZGMMV

all non-native viruses/viroids unlisted in the table at https://
www.ppsj.org/pdf/mokuroku-viroid_2021.pdf?471005, par-
ticularly destructive ones, such as plum pox virus (PPV) and
potato spindle tuber viroid (PSTVd). Viruses of the genera
Ipomovirus, Tritimovirus, and others have not yet invaded
Japan. Notably, sweet potato mild mottle virus (genus Ipo-
movirus) and wheat streak mosaic virus (genus Tritimovirus)
have emerged worldwide, and their emergence in Japan is
being actively avoided. In addition to the two viruses, maize
chlorotic mottle virus (genus Machlomovirus), rice tungro
bacilliform virus (genus Tungrovirus), sweet potato chlo-
rotic stunt virus (genus Crinivirus), faba bean necrotic yel-
lows virus (genus Nanovirus), broad bean stain virus (genus
Comovirus), tomato brown rugose fruit virus (genus Toba-
movirus), tomato mottle mosaic virus (genus Tobamovirus)
and pepino mosaic virus (genus Pofexvirus) are important
emerging viruses in the world (Jones 2021) but have not
been detected in Japan (Table 2). The PPS has also been
cautious especially for pospiviroids (genus Pospiviroid),
including PSTVd, columnea latent viroid, Mexican pepita
viroid, pepper chat fruit viroid, tomato apical stunt viroid,
tomato chlorotic dwarf viroid, and tomato planta macho
viroid, because of their considerably destructive nature. Glo-
balization and climate change can lead to unexpected viral
spread. Therefore, there should be an awareness of potential
agricultural pandemics caused by plant viruses and viroids.

Discoveries of plant viruses in Japan
associated with the creation of new taxa

Realm Monodnaviria

Kingdom Shotokuvirae

The realm Monodnaviria consists of four kingdoms,
of which only the kingdom Shotokuvirae (phylum

@ Springer

Cressdnaviricota) contains plant viruses in two virus
families: Geminiviridae (order Geplafuvirales) and Nano-
viridae (order Mulpavirales). The kingdom Shotokuvirae
was named after Japan’s Empress Shotoku (718-770
AD), who reigned over the country twice (as Empress
Koken and later as Empress Shotoku) and left the world’s
earliest written record of a plant virus disease, which
depicted geminivirus infection. In the summer of 752
AD, Empress Koken visited the city of Nara and noticed
a eupatorium plant that had turned conspicuously bright
yellow (Fig. 2a). Her Majesty delivered a poem to follow-
ers (Fig. 2b), which was later included in Man'yoshu, a
revered anthology of Japanese poetry compiled in the late
eighth century. Currently, it is believed that the yellow-
ing eupatorium plant was infected with the geminivirus
eupatorium yellow vein virus (EpY VV; Inouye and Osaki
1980; Saunders et al. 2003).

Geminiviridae is the largest family of viruses contain-
ing 14 genera and 520 species, and is characterized by a
non-enveloped, twinned (geminate) icosahedral virion, and
the genome is composed of one or two single-stranded (ss),
circular DNAs of 2.5-5.2 kb. Geminiviruses are transmit-
ted by whiteflies, leathoppers, or other hemipterans in a
persistent, circulative, non-propagative manner. In Japan,
members of eight species in the genus Begomovirus, one
species in the genus Maldovirus, and one species in the
genus Mastrevirus have been officially approved (Table 1
and Supplementary Table S1).

Begomoviruses are further divided into four groups:
the Old World begomoviruses, the New World begomovi-
ruses that lost the AV2 movement protein gene, “legumo-
viruses,” and “sweepoviruses.” Two Old World begomovi-
ruses, EpYVYV and eupatorium yellow vein mosaic virus,
were first discovered and characterized in Japan (Onuki
and Hanada 2000). These viruses, as well as other Old
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Fig.2 a Yellow vein symptoms of the eupatorium plant. Right: a
eupatorium plant (Eupatorium makinoi) infected with the geminivi-
rus, eupatorium yellow vein virus. Left: a healthy eupatorium plant.
(Courtesy of Dr. Sachiko Funayama-Noguchi, The University of
Tokyo). b A monument at Saidaiji Temple, Nara Prefecture, Japan
commemorating Empress Koken’s poem included in Man’yoshu. An

World begomoviruses in Japan, including ageratum yellow
vein virus, ageratum yellow vein Hualian virus, honey-
suckle yellow vein virus, and tomato yellow leaf curl virus,
have a monopartite genome (Ogawa et al. 2008; Ueda et al.
2004). In contrast, Japan’s only New World begomovirus,
abutilon mosaic virus, has a bipartite genome with DNA
A and B, in which DNA B-encoded genes complement
the functions of the lost AV2 gene (Table 1 and Supple-
mentary Table S1). Japan’s only “sweepovirus” sweet
potato leaf curl virus (SPLCV) was first discovered in
Japan in 1975 and characterized later (Onuki and Hanada
1998). SPLCYV and its close relatives have been reported
worldwide.

The mastrevirus miscanthus streak virus, infecting a
gramineous weed Miscanthus sacchariflorus, has been
reported only in Japan (Yamashita et al. 1985b), while its
closest phylogenetic relative, eragrostis minor streak virus,
has been reported only in Namibia, Africa, infecting another
grass Eragrostis minor. These observations may imply
the presence of unexplored mastrevirus flora within wild
grasses.

The family Nanoviridae is characterized by a multipartite,
circular, ssDNA genome of 0.9-1.1 kb. The isometric viri-
ons each contain a single genome component and are trans-
mitted by aphids in a circulative, non-propagative, persistent
manner. The family consists of two genera: the genus Babu-
virus contains viruses that infect monocotyledonous plants
and have six genome components, and the genus Nanovirus
contains viruses that primarily infect dicotyledonous plants

English translation of the poem reads: “Perhaps it does frost/In this
village morn by morn/For the grass I saw in the field of summertime/
Has already turned yellow” (Suga, T. The Man’yo-shu: A Complete
English Translation in 5-7 Rhythm, Kanda Inst. Foreign Lang.,
Tokyo, 1991)

and have eight genome components. Milk vetch dwarf virus,
belonging to the genus Nanovirus, was first discovered in
1949 in Japan and later characterized (Sano et al. 1998). The
virus naturally infects a wide range of legumes and some
solanaceous plants in east and Southeast Asia. Another virus
in the family Nanoviridae in Japan is banana bunchy top
virus in the genus Babuvirus, which is a serious threat to
banana production in Asia, Oceania, and Africa.

Realm Riboviria

Phylum Duplornaviricota, kingdom Orthornavirae

Order Reovirales

The order Reovirales consists only of the family Reoviri-
dae, which includes viruses of plants, mammals, birds, fish,
insects, ticks, fungi, shellfish, and clams (ICTV MSL36).
They generally form multi-layered spherical particles, each
containing a set of 9—12 double-stranded (ds) RNA genomic
segments. The family is divided into the subfamilies Spin-
areovirinae (nine genera) and Sedoreovirinae (six genera),
depending on the presence or absence of spikes on the inner
capsid. Members of the subfamily Sedoreovirinae have tur-
rets but not those of the subfamily Spinareovirinae. Viruses
infecting land plants belong to the genera Phytoreovirus
(three species) of Sedoreovirinae and Fijivirus (nine species)
and Oryzavirus (two species) of Spinareovirinae. At present,
the occurrence of four plant reoviruses has been reported in
Japan: rice dwarf virus (RDV) in the genus Phytoreovirus,
rice black streaked dwarf virus (RBDV) and southern rice
black streaked dwarf virus (SRBDV) in the genus Fijivirus,
and rice ragged stunt virus (RRSV) in the genus Oryzavirus
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(Tida et al. 1972; Shikata 1974; Supplementary Table S1).
RDV and RBDV occur in various parts of Japan and over-
winter in their leafhopper vectors (Isogai et al. 1995; Murao
et al. 1994). In contrast, infection of SRBDV and RRSV
in rice plants begins to spread by viruliferous planthoppers
carried by the westerlies from southeastern Asia (Matsukura
et al. 2013). The brown (Nilaparvata lugens) and white-
backed planthoppers (Sogatella furcifera), which are the
insect vectors for RRSV and SRBDYV, respectively, cannot
overwinter in Kyushu and other regions north of Kyushu,
Japan.

RDV causes dwarf disease in rice crops and was first rec-
ognized in 1883 in Shiga Prefecture, Japan, and Takada and
Hashimoto demonstrated the causal relationship between
leafhoppers and rice dwarf disease in 1885 (lida et al. 1972).
Furthermore, Ando (Ando 1910) reported that the disease
was transmitted by leathoppers and was not sucking damage
caused by the insect. This discovery has been the first in the
world to report the transmission of a plant virus by a vector.
Subsequently, world-famous discoveries continued. Fukushi
(1933) revealed that RDV is transmitted from viruliferous
leafthoppers to their progeny by transovarial transmission.
Additionally, Fukushi (1939) presumed that RDV propagates
in the insect vector. Finally, Fukushi et al. (1960) clearly
demonstrated RDV propagation in leafthoppers by electron
microscopy.

In Japan, complete nucleotide sequences of RDV genome
segments were determined from 1987 to 1994 (Uyeda et al.
1987, 1994). The analysis led RDV to be the first plant reo-
virus to be sequenced. Thus, the function of the proteins
encoded by the genome was predicted from their amino
acid sequences (Suzuki 1995). However, it is still difficult
to analyze gene function in relation to biological proper-
ties since reverse genetics systems for plant reoviruses have
not been established. Nevertheless, Uyeda et al. (1995) suc-
ceeded in showing a method to analyze the gene function
of RDV. They co-injected two RDV isolates with differ-
ent biological properties into leathoppers to reassort their
genome segments. After letting the injected insects feed
on rice seedlings, reassortants with different combinations
of their genomic segments were isolated from the infected
seedlings. These artificially created reassortments made it
possible to analyze how the replacements of each genome
segment affected biological properties. In addition, Kimura
(1984) succeeded in establishing cultured cells of the RDV
insect vector and creating inoculation methods using the
cells with RDV. Using the cultured cells, Yan et al. (1996)
and Tomaru et al. (1997) clearly demonstrated that the P2
protein encoded by the genome segment S2 is crucial for
infection of RDV in insect cells and transmission of the virus
by the insect vector.

Phylum Kitrinoviricota, kingdom Orthornavirae

Order Hepelivirales
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The order Hepelivirales consists of four families, among
which only the family Benyviridae accommodates plant
viruses. This family has only one genus, Benyvirus, and
four species.

Beet necrotic yellow vein virus (BNYVYV), the exemplar
member of genus Benyvirus, causes ‘“rhizomania” disease of
sugar beet worldwide. This widespread soil-borne disease
severely reduces the yield of sugar beet. The causal agent
of this disease was first characterized and named in Japan
in the early 1970s. BNYVYV has rod-shaped particles with
four or five positive-sense (+) sSRNA segments (RNA1-5).
The smaller genomic components (RNA3, RNA4, and
RNAS) play important roles in pathogenicity (rhizomania
symptoms) and plasmodiophorid (Polymyxa betae) vector
transmission. BNYVV RNA3 (and probably RNAS in some
cases) is strongly associated with Rz/ resistance breaking in
sugar beet cultivars. Key achievements were made in Japan
that enhanced the understanding of the pathosystem (Tam-
ada 2016; Tamada and Kondo 2013; Tamada et al. 2021).
BNYVYV was also found in spinach in Japan (Fujisawa et al.
1982).

Burdock mottle virus (BdMoV), another Benyvirus spe-
cies, was isolated from an edible burdock plant (Arctium
lappa L.) in 1970. Burdock is a root vegetable crop unique
to Japan and is the only known natural host of BdAMoV. The
bipartite genome sequence of BdAMoV is available (Kondo
et al. 2013).

Order Martellivirales

Of the seven families in the order Martellivirales, the
families Bromoviridae, Closteroviridae, Endornaviridae,
Mayoviridae, and Virgaviridae accommodate plant viruses.
Members of these families have mono- to tri-segmented
(+)ssRNA genomes and form filamentous, rod-shaped, or
icosahedral particles, except for capsid-less endornaviruses.

Asparagus virus 2 (AV-2) is a member of the genus Ilar-
virus in the family Bromoviridae. Fujisawa et al. (1983)
revealed the biological, physical, morphological, and sero-
logical properties of a Japanese strain of AV-2. Shimura
et al. (2013) further revealed low genetic variability among
AV-2 isolates and clarified the function of the 2b protein of
AV-2 as an RNA suppressor. Subsequently, Kawamura et al.
(2014) suggested the involvement of pollen transmission in
co-infection by two AV-2 isolates in plants.

Cucumber yellows virus (CuYV) in the genus Crinivi-
rus of the family Closteroviridae was first isolated from
cucumber and melon plants in Japan in 1979 (Yamashita
et al. 1979). Systemic yellowing was observed on the origi-
nal host plants, and the greenhouse whitefly was identified
as the CuY'V vector. Hartono et al. (2003) determined the
complete nucleotide sequence of the bipartite genome to
classify CuYV as a new species in the genus Crinivirus.
Thus, the characterization of CuY'V contributed to the rec-
ognition of diversity of the genus Crinivirus. Furthermore,
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a new cucurbit-infecting virus was reported in Japan in
2009 (Gyoutoku et al. 2009). Subsequently, Okuda et al.
(2010) determined the entire nucleotide sequence of this
virus’ genomic RNA, and the virus was named cucurbit
chlorotic yellows virus to propose as a new species in the
genus Crinivirus.

The family Endornaviridae contains two genera,
Alphaendornavirus and Betaendornavirus. Plants can serve
as natural hosts of members of the genus Alphaendornavi-
rus. Fukuhara et al. (1993) discovered two linear dsSRNA
elements (16 kb and about 13.2 kb) in Japonica rice plants
(Oryza sativa L. for Oryza sativa endornavirus) and in O.
rufipogon (for Oryza rufipogon endornavirus), which is an
ancestor of O. sativa. Subsequently, Fukuhara et al. (2006)
molecularly characterized distinct large dsRNAs from sev-
eral plant species. Okada et al. (2011, 2014) proposed bell
pepper endornavirus from bell pepper and Basella alba
endornavirus from Malabar spinach. In addition, two high-
molecular-mass dsSRNAs were isolated from common bean
and proposed as Phaseolus vulgaris endornavirus 1 and 2 by
Okada et al. (2013). A series of these discoveries of large
dsRNAs contributed to establishing the distinct species in
the genus Alphaendornavirus of the family Endornaviridae.

The Mayoviridae family is composed of two relatively
small genera, Idaeovirus and Pteridovirus. Among their
members is the representative idaeovirus, raspberry bushy
dwarf virus (RBDV), reported from Japan (Isogai et al.
2012). RBDV has a bi-partite genome (Natsuaki et al. 1991),
and RNA1 encodes an RNA silencing suppressor, which is
also involved in efficient lateral transmission through pollen
(Isogai et al. 2019, 2020).

The family Virgaviridae accommodates seven genera,
including Furovirus, Goravirus, Hordeivirus, Pecluvirus,
Pomovirus, Tobamovirus, and Tobravirus. Members of this
family have mono- to tri-partite, (+)ssRNA genomes with
rod-shaped particles. The number of genome components
varies depending upon the genus. The transmission modes
provide the basis for genus demarcation; i.e., virgavirids are
transmitted by plasmodiophorids or nematodes, or through
pollen and/or seed. Gentian ovary ringspot virus (GORV)
was discovered and was fully characterized for the first
time in Japan (Atsumi et al. 2015), which led to the crea-
tion of the genus Goravirus. This virus shows asymmetri-
cal pollen transmission in two plant species: gentian and
Nicotiana benthamiana. GORV is horizontally transmis-
sible to N. benthamiana via pollination with virus-infected
pollens, whereas gentian can be infected by GORV via pol-
lination with infected pollens only from gentian (Isogai
et al. 2017). For the genus Pomovirus, broad bean necrosis
virus (BBNV) was first discovered in broad bean in 1951 in
Kyushu, Japan and later characterized biologically (Inouye

and Asatani 1968). BBNV is a soil-borne virus, but its
vector is unknown. Lu et al. (1998) determined the com-
plete sequences of the tri-partite genome of BBNV. In the
genus Furovirus, the wheat mosaic disease caused by a
furovirus was first found in Japan in the 1920s. This causal
virus had long been considered as a strain of soil-borne
wheat mosaic virus (SBWMYV) that was originally reported
from the United States, but it was designated as Japanese
soil-borne wheat mosaic virus (JSBWMYV). Similar furo-
viruses also were reported from China and Europe, which
were designated as Chinese wheat mosaic virus (CWMV)
and European wheat mosaic virus, respectively. These four
viruses are transmitted by the same plasmodiophorid vec-
tor (Polymyxa graminis) and induce the same or similar
type of symptoms in wheat plants. However, there is amino
acid sequence divergence (8—48%) among the proteins or
domains encoded by the four viruses (Diao et al. 1999;
Shirako et al. 2000), and therefore, they were classified as
separate species. In Japan, SBWMYV and CWMYV have been
isolated from Hokkaido and Tochigi Prefecture, respec-
tively. JSBWMYV has been molecularly and biologically
well-characterized (Miyanishi et al. 2002; Ohsato et al.
2003; Yamamiya et al. 2005). Spontaneous deletion of the
readthrough domain, downstream of the capsid protein
(CP) coding domain, of JSBWMYV RNAZ2 results in more
severe symptom induction relative to the wild-type virus.
As interspecies reassortment of RNA1 and RNA2 was
observed between ISBWMYV and SBWMYV in the labora-
tory experiment (Miyanishi et al. 2002), mixed infections
of wheat by these furoviruses may allow for the emergence
of new strains (Tamada and Kondo 2013). Of members of
the genus Tobamovirus, 15 viruses have been reported from
Japan (Table 1 and Supplementary Table S1), among which
the following tobamoviruses were first found and character-
ized in Japan. Kyuri green mottle mosaic virus, which was
originally designated as the cucumber and Yodo strains of
cucumber green mottle mosaic virus (CGMMYV), occurred
in cucumber plants in western Japan in 1966 (Inouye et al.
1967). The Japanese word "Kyuri" was adopted as part of
the species name by Francki et al. (1986). The complete
genome sequence of the virus was determined by Tan et al.
(2000). Wasabi mottle virus was first isolated as a wasabi
strain of tobacco mosaic virus (TMV) from wasabi plants
(Eutrema wasabi) in Tochigi Prefecture, and later was char-
acterized molecularly by Shimamoto et al. (1998). Cucum-
ber mottle virus was first isolated from a greenhouse-grown
cucumber in 1998 in Miyazaki Prefecture, and was charac-
terized molecularly and serologically by Orita et al. (2007).
This virus was approved as the exemplar strain of a new
species. In Japan, sudden outbreaks of the diseases caused
by tobamoviruses have often been undergone in various
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horticultural crops, and have raised awareness of the impor-
tance of studies not only on their etiology but also on their
epidemiology and control. For some tobamoviruses, e, g.,
TMYV, tomato mosaic virus (ToMV) and CGMMYV, molecu-
lar and biological properties of attenuated viruses were well
characterized (Nishiguchi and Kobayashi 2011; Nishiguchi
2017). An attenuated virus has been used for controlling
the mosaic disease of tomatoes caused by ToMV in fields.

Order Tymovirales

The order Tymovirales consists of 5 families, 24 genera,
and 2 subgenera, including 219 species (Fig. 1), according to
ICTV MSL36 released in 2021. Compared to the 2009 ver-
sion (ICTV 9th Report), one family, two subfamilies, eight
genera, and two subgenera have been newly established,
and 74 new species have been added. Viruses in Tymovi-
rales have a single molecule of (+)ssRNA and are either iso-
metric (the family Tymoviridae) or flexuous filamentous (the
families Alphaflexiviridae, Betaflexiviridae and Gammaflexi-
viridae) in particle morphology. Here are some examples of
research in Japan that have contributed to the establishment
of new genera and species in the Tymovirales.

Sumi et al. (1993) partially purified filamentous virus
particles from garlic plants (Allium sativa) showing mosaic
symptoms and determined the 3’-terminal regions of their
RNA genomes. They discovered four new viruses named
garlic virus-A, B, C, and D (GVA-GVD) from diseased
plants. Later, they determined the complete nucleotide
sequences of GVA and GVC (Sumi et al. 1999). Yamashita
et al. (1996) also detected a flexuous filamentous virus with
a length of 700-800 nm in mosaic-diseased garlic plants and
showed that the virus was transmitted by the eriophyid mite,
Aceria tulipae. They reported the virus as garlic mite-borne
mosaic virus, which is currently a synonym for GVC. From
these pioneer studies, the genus Allexivirus was established
as a mite-borne filamentous virus with a different genome
organization from viruses of the genus Potexvirus (garlic
mosaic virus) in the family Alfaflexiviridae and the genus
Carlavirus (garlic latent virus) in the family Betaflexiviridae
(subfamily Quinvirinae).

There is a graft-transmissible disease in apples called
“topworking disease” that occurs only in Japan. The causal
viruses were found to be apple chlorotic leaf spot virus
(ACLSYV), apple stem grooving virus (ASGV), and apple
stem pitting virus (ASPV; Yanase 1974), which are currently
the exemplar members of the genera Trichovirus, Capillo-
virus, and Foveavirus, respectively, of the Betaflexiviridae
family. Though these viruses generally infect commercial
apple cultivars without symptoms, the viruses cause dis-
ease in apple trees grown on wild apple rootstocks (e.g.,
Malus prunifolia, M. sieboldii) in Japan. Koganezawa and
Yanase (1990) purified an elongated virus that was 800 nm
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long from Nicotiana occidentalis plants infected with ASPV.
The properties of RNAs and proteins of ACLSV and ASGV
from diseased apples were analyzed by Yoshikawa and
Takahashi (1988), and later complete nucleotide sequences
of the genomes of ACLSV and ASGV from apples were
determined (Sato et al. 1993; Yoshikawa et al. 1992). Citrus
tatter leaf virus was found to be the same virus as ASGV
(Yoshikawa et al. 1993). Recently, apple russet ring and
apple green crinkle, graft-transmitted diseases first reported
more than 60 years ago, were shown to be caused by ACLSV
and ASPV variants, respectively (Li et al. 2020). In addi-
tion, a Foveavirus (cherry virus B), which appeared to be a
new species, was detected in sweet cherry (Prunus avium)
in Japan (Yaegashi et al. 2020).

Order Tolivirales

Member viruses of the order Tolivirales infect insects but
mostly plants. The name of the virus order “Toli” is a syl-
labic abbreviation of “tombus-like.” Most of the members
belong to the family Tombusviridae, except for one virus
species in the genus Alphacarmotetravirus in the family
Carmotetraviridae. The family Tombusviridae contains three
subfamilies, Calvusvirinae, Procedovirinae, and Regresso-
virinae (Fig. 1), and one subfamily-unassigned genus (Luteo-
virus). Viruses in the genus Luteovirus were originally clas-
sified into the former family Luteoviridae, while the other
three genera Enamovirus, Polerovirus, and Sobemovirus in
the former family Luteoviridae were recently reclassified
into the new family Solemoviridae in the order Sobelivirales
(ICTV MSL36). The subfamily Calvusvirinae contains only
one genus (Umbravirus). The subfamily Procedovirinae
contains 14 genera and 6 genus-unassigned species. Of the
14 genera, isolated in Japan are viruses of 6 genera, Alphac-
armovirus, Alphanecrovirus, Betacarmovirus, Betanecro-
virus, Gammacarmovirus and Tombusvirus. The subfamily
Regressovirinae contains only one genus (Dianthovirus), but
no dianthovirus has been isolated in Japan. Virions of the
members in the order Tolivirales are spherical and have an
icosahedral capsid without an envelope, except viruses in
the genus Umbravirus, which lack a coat protein open read-
ing frame (ORF) but are encapsidated with a helper virus.
All viruses in the order Tolivirales have a monopartite, (+)
ssRNA genome, except viruses in the genus Dianthovirus
in the subfamily Regressovirinae, which uniquely have a
bipartite genome.

Within member viruses classified into the order Tolivi-
rales, 18 viruses have been reported to be found in Japan.
Among those viruses, the following toliviruses were first
discovered in Japan. Melon necrotic spot virus was discov-
ered in 1960 (Kishi 1966) and assigned as the representative
member of the genus Gammacarmovirus (ICTV MSL36).
Pea stem necrosis virus (genus Gammacarmovirus) was
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discovered in 1976 (Osaki et al. 1988; Suzuki et al. 2002).
Japanese iris necrotic ring virus (genus Betacarmovirus)
was discovered in 1982 (Takemoto et al. 2000). Adonis
mosaic virus (genus Alphacarmovirus) was discovered in
2017 (Yasaki et al. 2017). Soybean dwarf virus (SbDV,
genus Luteovirus) was discovered in 1968 and character-
ized (Tamada et al. 1969; Terauchi et al. 2001). Subterranean
clover red leaf virus was proposed to belong to a new virus
species in 1982 but later merged into SbDV in 1991 (ICTV
MSL12). Recently, two tombusviruses were isolated from
Japanese gentian plants cultivated in northeastern Japan. A
novel tombusvirus was isolated and tentatively named gen-
tian virus A (Fujisaki et al. 2018). Another tombusvirus,
Sikte waterborne virus strain C1, was also isolated from
Japanese gentian, and both tombusvirus isolates have been
shown to have unique properties, namely host-plant specific
low-temperature-dependent multiplication abilities (Fujisaki
et al. 2020, 2021). A taxonomically interesting plant virus,
gentian Kobu-sho-associated virus (GKaV), was character-
ized from gentian plants with stunting symptoms in Iwate
Prefecture, Japan (Kobayashi et al. 2013). The virus was
reported to have a long undivided dsRNA genome of 23.3 kb
with a single large ORF (Kobayashi et al. 2013). However,
the helicase and/or RARP (RNA-dependent RNA polymer-
ase) domain of GKaV shows phylogenetic affinity to animal
flaviviruses with (+)ssRNA genomes. GKaV has not yet
been assigned to any taxon by the ICTV and may represent
a new species in a distinct class or order within the phylum
Kitrinoviricota.

Phylum Negarnaviricota, kingdom Orthornavirae

Order Serpentovirales

The order Serpentovirales consists of one family, Aspi-
viridae (former Ophioviridae), one genus, Ophiovirus, and
seven species (Table 1 and Supplementary Table S1). Ophio-
viruses infect only plants, and citrus psorosis virus (CPsV)
(Ito et al. 2011) and Mirafiori lettuce big-vein virus (MiL-
BVYV) are present worldwide and cause serious problems
for citrus and lettuce production, respectively. MiLBV'V,
lettuce ring necrosis virus, tulip mild mottle mosaic virus
(TMMMYV), and freesia sneak virus (FreMV) are transmit-
ted by soil-inhabiting fungi of the genus Olpidium. How-
ever, the vectors of CPsV, blueberry mosaic associated virus
(BIMaV), and ranunculus white mottle virus are unknown.
The genome of ophioviruses consists of three or four indi-
vidually encapsidated negative-sense (—) and possibly ambi-
sense sSRNA segments.

Mild mottle mosaic disease induces serious quantita-
tive and qualitative production losses in the tulips grown
in Japan. The causal agent of the diseases was thought to
be a virus, but the entity was unknown. In 1995, Mori-
kawa et al. (1995) discovered its virions as thin and circular

filamentous particles about 3 nm in diameter with different
contour lengths, adopting open and linear conformations.
Around the same time, a similar virion was discovered in a
psorosis disease of citrus, a worldwide problem, the causal
agent of which had, however, been unknown for almost a
hundred years (Garcia et al. 1994). The causal agent of the
mild mottle mosaic diseases of tulip (TMMMYV) was thought
to be an ophiovirus (Morikawa et al. 1995), and later, its
partial genomic sequence was confirmed via RT-PCR (Vaira
et al. 2003). Along with TMMMY, four other ophioviruses
(MiLBVYV, CPsV, FreMV, and BIMaV) have been reported
in Japan (Isogai et al. 2016; Ito et al. 2011; Natsuaki et al.
2002).

Ophiovirus virion morphology resembles that of the
viruses in the genus Tenuivirus, family Phenuiviridae, and
the internal nucleocapsid component of ophiovirus resem-
bles that of members of the family Tospoviridae. However,
ophioviruses do not infect plants in the Gramineae like the
tenuiviruses and do not have enveloped virions, as do mem-
bers of the family Tospoviridae. Ophioviruses do not have
the conserved identical nucleotides at the genomic RNA
termini that are typical of these two families. Phylogenetic
trees using amino acid sequences conserved the core mod-
ules of RdRPs in ophioviruses, and representative (—)ssRNA
viruses reinforce the separation of ophioviruses from other
(—)ssRNA viruses (Naum-Ongania et al. 2003; van der
Wilk et al. 2002). The family Ophioviridae was proposed
to the ICTV 9th Report, and only one family and one genus,
Ophiovirus, were recognized, but the order was not assigned
(King et al. 2011). Presently, the family has been renamed
Aspiviridae and assigned to higher taxa: realm Riboviria,
phylum Negarnaviricota, subphylum Haploviricotina, class
Milneviricetes, and order Serpentovirales (Garcia et al.
2017; ICTV MSL36).

Order Mononegavirales

While many members of the family Rhabdoviridae in
the order Mononegavirales infect animals, some are known
to infect plants. Plant rhabdoviruses have basically envel-
oped virions with an unsegmented (—)ssRNA genome and
are transmitted in a persistent and propagative manner by
leathoppers, planthoppers, or aphids (Dietzgen et al. 2020).
They were originally separated into two genera, Cytorhab-
dovirus and Nucleorhabdovirus, based on their morphogen-
esis sites and molecular phylogenies. The latter genus was
recently divided into three new genera: Alphanucleorhab-
dovirus, Betanucleorhabdovirus, and Gammanucleorhab-
dovirus ICTV MSL36).

Two cereal rhabdoviruses, northern cereal mosaic virus
(cytorhabdovirus) and rice yellow stunt virus (synonymous
with rice transitory yellowing virus, an alphanucleorhab-
dovirus), were first discovered in Japan in 1944 and Taiwan
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in 1960, respectively, and their Japanese isolates have been
well characterized biologically and molecularly (Hiraguri
et al. 2010; Tanno et al. 2000). Another novel plant rhab-
dovirus, namely persimmon virus A, a cytorhabdovirus, was
discovered in Japanese persimmon trees with fruit apex dis-
order via deep-sequencing analysis (Ito et al. 2013). Several
unassigned plant rhabdoviruses or rhabdovirus-like agents
have also been historically recorded in various monocot
and dicot diseased plants, including butterbur, burdock,
broad bean, carrot, Colmanara, gloriosa, elder, Epiphyllum,
Euonymus, lotus, strawberry, tomato, and wasabi, along with
a known cytorhabdovirus, strawberry crinkle virus (Table 1
and Supplementary Table S1).

Another important insight into plant rhabdoviral research
in Japan was the discovery of bi-segmented rhabdoviruses
for unique cases in the order Mononegavirales (Kondo et al.
2003, 2006; Sasaya et al. 2004). Orchid fleck virus (OFV)
and a tobacco strain, formerly known as tobacco stunt virus,
of lettuce big vein-associated virus (LBVaV) were first found
in Japan in 1969 and 1950, respectively. Two bipartite rhab-
doviruses share several characteristics with classical plant
rhabdoviruses, but their virions, short bacilliform for OFV
and rod shapes for LBVaV, appear not to be enveloped. OFV
is transmitted by false spider mites (Brevipalpus californi-
cus) in a persistent manner, while LBVaV is transmitted by
zoospores of the chytrid fungus (O. virulentus) (Kondo et al.
2003; Sasaya et al. 2001). OFV has been found to naturally
infect citrus trees in Mexico, and one orchid strain poten-
tially originated as a result of a reassortment event (Dietzgen
et al. 2018; Kondo et al. 2017). These discoveries led to the
creation of two novel genera, Dichorhavirus and Varicosa-
virus, with OFV and LBVaV, respectively, as the exemplar
strains within the family Rhabdoviridae (ICTV MSL36).
Currently, all six genera for plant rhabdoviruses, including
the two genera, Dichorhavirus and Varicosavirus, have been
classified within a newly created subfamily Betarhabdoviri-
nae. Notably, a new varicosavirus and a new emaravirus
(fimovirid, see below) were recently detected from Vitis
coignetiae (crimson glory vine) in Japan and likely represent
new species (Nabeshima and Abe 2021).

Order Bunyavirales

The order Bunyavirales contains 12 families, 54 genera,
and 477 species (ICTV MSL36). While the majority of bun-
yaviruses infect animals, plant-infecting members of the
families Tospoviridae (genus Orthotospovirus), Phenuiviri-
dae (genera Tenuivirus, Laulavirus, and Rubodvirus), and
Fimoviridae (genus Emaravirus) are rapidly expanding
(Kormelink et al. 2021).

Among 26 ICTV-recognized species of Tospoviridae,
seven of their exemplar viruses have been recorded in
Japan. Melon yellow spot virus (MYSV) was identified
as a distinct orthotospovirus from melon in Shizuoka
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Prefecture in 1992 (Kato et al. 2000). MYSV has become
one of the most devastating pathogens in cucumber cul-
tivation and was correlated with the recent decrease in
insecticide sensitivity of the vector Thrips palmi (Takagi
et al. 2018). Another cucurbit orthotospovirus, watermelon
silver mottle virus, was first identified in Okinawa Pre-
fecture in 1982 (Iwaki et al. 1984). Capsicum chlorosis
virus (CaCV), which sometimes occurs in pepper fields in
Japan with a limited incidence rate. T. palmi was identi-
fied as a vector of CaCV with low transmissibility (Chi-
aki et al. 2020). The other orthotospoviruses that invaded
and have spread throughout Japan include tomato spotted
wilt virus, chrysanthemum stem necrosis virus, impatiens
necrotic spot virus, and iris yellow spot virus (Doi et al.
2003; Inouye and Inouye 1972; Tanina et al. 2001; Sup-
plementary Table S1). A putative orthotospovirus, lisian-
thus necrotic spot virus, has only been reported in Japan
(Shimomoto et al. 2014).

Discovery and genome identification of rice stripe virus
(RSV) and rice grassy stunt virus (RGSV) led to the estab-
lishment of the cognate species and the genus Tenuivi-
rus in family Phenuiviridae (Toriyama 1982; Toriyama
et al. 1997). An epidemic of RGSV was recorded in the
1970-1980s in Kyushu (Hibino 1985; Iwasaki and Shinkai
1979). RSV greatly affected rice production from the 1900s
to the 1960s. In the vector leathopper, Laodelphax striatella,
RSV proliferates and is transovarially transmitted (Fukushi
1986). Today, in Japan, a number of rice cultivars harboring
the RSV resistance gene Stvb-i are widely used. Recently,
Hayano-Saito and Hayashi (2020) identified Stvb-i as a large
protein with a domain homologous to the histidine kinase/
HSP-90-like ATPase superfamily. A new phenuivirid was
recently discovered from tulip that appears to represent a
new species (Neriya et al. 2021).

As the sole genus in the family Fimoviridae, Emara-
virus was established in 2009 and has expanded from 11
recognized species in 2020-2021 in 2021 (ICTV MSL36).
About three-fourths of them infect woody plants, while the
rest infect herbaceous plants. Some emaraviruses have been
shown to be transmitted by eriophyid mites. In Japan, the
occurrence of six emaraviruses has been recognized. Fig
mosaic virus, transmitted by Aceria ficus, was first found
in Shimane Prefecture (Ishikawa et al. 2012) and has since
been reported in several prefectures. Perilla mosaic virus
(PerMV) and Japanese star anise ringspot-associated virus
(JSARaV) were first identified from cultivated herb (Shiso,
Perilla frutescens) and Japanese star anise (Shikimi, Illicium
anisatum), respectively, in Kochi Prefecture (Kubota et al.
2020; Shimomoto et al. 2022). PerMV and JSARaV have
been shown to be transmitted by the eriophyid mite, Shevtch-
enkella sp., and the distinct eriophyid mite, a member of
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the family Diptilomiopidae, respectively. Pear chlorotic leaf
spot-associated virus (PCLSaV) was first reported in Asian
pear varieties in China (Liu et al. 2020). PCLSaV was also
found in Japan from European and Japanese pear varieties,
and Eriophyes chibaensis Kadono is suspected as a vector
for PCLSaV (Kubota et al. 2021a). Chrysanthemum mosaic-
associated virus was discovered in Aichi Prefecture from
chrysanthemum leaves affected by ringspot symptoms called
“Mom-mon” disease (Kubota et al. 2021b, ¢).

Phylum Pisuviricota, kingdom Orthornavira

Order Durnavirales

The order Durnavirales contains dsRNA and (+)
ssRNA viruses from five families: Amalgaviridae, Cyrvu-
laviridae, Hypoviridae, Partitiviridae, and Picobirnaviridae.
The Partitiviridae is a family of five genera, Alphaparti-
tivirus, Betapartitivirus, Cryspovirus, Deltapartitivirus,
and Gammapartitivirus, and unassigned species. The hosts
are different depending on the genus, such as plants and
fungi for Alphapartitivirus and Betapartitivirus, protozoa
for Cryspovirus, plants for Deltapartitivirus, and fungi for
Gammapartitivirus.

Small virus-like particles (VLPs) were found in appar-
ently healthy Fabaceae plants, white clover, and alfalfa, from
Italy and Japan in the early 1980s (Boccardo et al. 1983;
Natsuaki et al. 1984). They were found to possess dSRNA
in their VLPs and were therefore named white clover cryp-
tic virus 1, 2, and 3 (WCCV1, 2 and 3) and alfalfa cryp-
tic virus 1 (ACV1). The complete nucleotide sequences of
WCCV1 and WCCV?2 were determined in Italy in 2005 and
in Germany in 2013, respectively (Boccardo and Candress
2005; Lesker et al. 2013). These studies indicated a distant
relationship between plants infecting partitiviruses; there-
fore, WCCV1 was classified as a type species of the genus
Alphapartitivirus and WCCV?2 as a species of the genus
Betapartitivirus. Since the molecular status of WCCV3 and
ACV1 are unclear, they are unassigned species in the family
Partitiviridae.

Several dsSRNA molecules have been found in Japanese
pear (Osaki et al. 1998). Three of them were transmitted
through both ovules and pollen, not by grafting. Sequenc-
ing analysis revealed that one dsRNA encodes RARP and
the other two encode two CP variants similar to viruses in
the genus Deltapartitivirus, and it was thereby named Pyrus
pyrifolia partitivirus 1 (Osaki et al. 1998, 2017). Two other
dsRNA molecules from Japanese pear were sequenced and
found to encode RARP and CP, both of which were similar
to viruses in the genus Alphapartitivirus (Osaki and Sasaki
2018). These two dsSRNAs were named Pyrus pyrifolia par-
titivirus 2. Moreover, several dsRNA viruses in the family
Partitiviridae were isolated in Japan. A seedborne small
spherical virus was isolated from seedlings of Japanese

radish with yellow edge symptoms and named the rad-
ish yellow edge virus (Natsuaki et al. 1979). RYEV was
reported to have two CP variants and a few segmented dsR-
NAs (Natsuaki et al. 1983). Virus particles found in healthy
carrots were found to include several dsSRNAs, and RNA-
RNA hybridization analysis indicated the existence of four
dsRNA viruses, named carrot temperate virus-1 to -4 (Nat-
suaki et al. 1990). A seedborne cryptic virus was isolated
from spinach in Japan and named spinach temperate virus
and was reported to have three segmented dsSRNA genomes
(Natsuaki et al. 1983). However, molecular characterization
was not performed; these viruses are still unassigned mem-
bers of the family Partitiviridae.

Order Picornavirales

The order Picornavirales contains eight families: Calici-
viridae, Dicistroviridae, Iflaviridae, Marnaviridae, Picor-
naviridae, Polycipiviridae, Secoviridae, and Solinviviridae.
Members of the order infect a wide range of hosts, including
humans, animals, plants, and microorganisms, and all plant
viruses in the order are only included in the family Seco-
viridae. Members of the family Secoviridae share common
properties with the other members of the order: (1) they
are non-enveloped spherical viruses with mono- or bipar-
tite linear (+)ssRNA genomes that may have a small viral
protein termed VPg at the 5'-termini; (2) they produce large
polyproteins that are cleaved by viral proteases, and (3) the
coat protein consists of one to three components, depending
on the genus. The attachment of VPg to the genomic RNA
has not yet been explicitly shown for many members, and
experimental verification is needed.

The family Secoviridae includes the genera Cheravirus,
Sadwavirus, Sequivirus, Torradovirus, and Waikavirus,
which do not belong to any subfamily, and the three gen-
era Comovirus, Fabavirus, and Nepovirus in the subfamily
Comovirinae.

Apple latent spherical virus (ALSV) was the first mem-
ber to be fully sequenced in the genus Cheravirus (Li et al.
2000). ALSV has been widely utilized as a versatile virus
vector in diverse plants for various purposes, including sta-
ble expression of foreign gene products, virus-induced gene
silencing, and plant virus vaccination (Igarashi et al. 2009;
Satoh et al. 2014). ALSV was also the first plant virus with
three capsid proteins in which the 3D structure was deter-
mined at the atomic level (Naitow et al. 2020).

The genus Waikavirus is named after the Japanese word
“Waika,” meaning stunting, a symptom associated with rice
disease (RTD). Rice tungro spherical virus (RTSV), one of
the two major virus players involved in RTD, is the exem-
plar strain of the representative species of the genus (Hibino
1996). Another player, rice tungro bacilliform virus (a DNA
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tungrovirus), is the major contributor to symptom induction,
while its transmission depends on RTSV.

The genus Sadwavirus, which includes the species
Satsuma dwarf virus, was created after molecular char-
acterization, and phylogenetic analysis revealed that sat-
suma dwarf virus (SDV) is distinct from viruses in other
known genera (Iwanami et al. 1999; Le Gall et al. 2007).
Satsuma, often synonymous with Kagoshima Prefecture,
is a geographical name in Japan that is presumed to be
the provenance of Citrus unshiu (satsuma). SDV shares
many properties with members of the family Secoviri-
dae; the spherical virions have a CP that consists of two
components, and they separately contain bipartite linear
(+)ssRNA genomes. The gene organization of RNA1 and
RNAZ2 is also similar to that of the other members of the
family Secoviridae. However, only poor phylogenetic
relationships have been found among SDV and the other
secovirids. In particular, the amino acid sequence between
the conserved catalytic cysteine (or serine) of the 3C-like
protease and the GDD motif of the RARP has been used
to distinguish SDV from other secovirids (Iwanami et al.
1999; Sanfacon et al. 2020).

SDV is widely spread in major citrus-producing areas in
Japan (Iwanami 2010) and also occurs in Korea, China, and
Turkey. SDV infects most citrus cultivars and citrus rela-
tives (Iwanami 2010). Most typically, infected trees develop
smaller boat- or spoon-shaped leaves with short internodes
in satsuma mandarin (Citrus unshiu). After several years,
both tree vigor and fruit quality are reduced. Boat- or spoon-
shaped leaves are not induced on orange (Citrus X sinensis),
tangor, or other hybrid cultivars, but leaves become smaller
and narrower. As the disease progresses, tree vigor and fruit
quality are also affected (Iwanami 2010; Kato et al. 2019).

Recently, the reorganization of the genus Sadwavirus
to create three new subgenera was proposed; the proposed
subgenera were “Satsumavirus” (including SDV), “Stra-
movirus” (including strawberry mottle virus, SMoV), and
“Cholivirus” (Sanfacon et al. 2020). SDV and SMoV com-
monly occur in Japan, whereas other viruses that belong to
the genus Sadwavirus have not been reported. A few distinct
SDV strains were recognized, and their taxonomic status
deserves reconsideration (Ito et al. 2004; Iwanami 2010;
Iwanami et al. 2001; Yan et al. 2021).

Order Sobelivirales

The order Sobelivirales contains (+)ssRNA viruses from
three families: Alvernaviridae, Barnaviridae, and Solemov-
iridae. While the family Alvernaviridae and Barnaviridae
includes an algal virus and a fungal virus, respectively, the
family Solemoviridae includes viruses infecting plants.
The family Solemoviridae is a recently created family that
includes viruses from genera Sobemovirus, Polemovirus,
Enamovirus, and Polerovirus and unassigned species. The
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two genera Enamovirus and Polerovirus and the unassigned
species were previously classified into the former Luteoviri-
dae but reclassified into the family Solemoviridae. Enamo-
and poleroviruses are transmitted in a circulative, non-prop-
agative, persistent manner by specific aphid vectors.

Leaf roll disease is one of the most serious potato dis-
eases, first recognized in 1916, but the causal agent, potato
leafroll virus (PLRV), was also mentioned in 1920 in Japan,
followed by a series of studies characterizing it in Japan
(Kojima 1974). Although the genome of PLRV was origi-
nally supposed to be dsDNA (Sarker 1976), it was discov-
ered in Japan that the genomes of PLRV and another polero-
like virus, tobacco necrotic dwarf virus (TNDV), which was
first reported in Japan in 1977, were ssSRNAs (Takanami
and Kubo 1979). Since sequence analysis was performed on
Japanese isolates of PLRV (Ohshima et al. 1993) but not on
TNDV, TNDV is still an unassigned member of the family
Solemoviridae.

In the genus Polerovirus, pepper yellows disease (PYD)
caused by pepper vein yellows virus (PeVYV) was found
in bell pepper plants grown in Okinawa Prefecture, Japan,
and the causal virus was isolated (Yonaha et al. 1995). The
complete nucleotide sequence of the virus was determined
and found to be a new species of the genus Polerovirus
(Murakami et al. 2011). After that, PYD was reported around
the world, including in Israel, China, Australia, Spain, and
Saudi Arabia. Molecular characterization revealed that these
viruses are closely related but distinct species in the genus
Polerovirus; therefore, PeVY V-1 to -6 was proposed for their
names (Fiallo-Olivé et al. 2018; Kamran et al. 2018). Yel-
lows disease of sugar beet, which was first recorded in Hok-
kaido in the 1960s, was thought to be caused by beet western
yellows virus (BWYV), which is known to induce yellowing
diseases of many crops worldwide. However, Yoshida and
Tamada (2019) recently identified the causal virus as a new
virus, beet leaf yellowing virus (BLYV), which appears to
belong to a new species of the genus Polerovirus. In addi-
tion, brassica-infecting BWY V-like virus was identified as
brassica yellows virus (BrYV) (high affinity with turnip
yellows virus). BLYV and BrYV are widely distributed in
Asia but not in Western countries. Both viruses are not yet
classified into formal species.

In the genus Sobemovirus, two viruses were isolated
and characterized in Japan. Ryegrass mottle virus was iso-
lated from Italian ryegrass and cocksfoot with mottling and
necrotic symptoms in Japan (Toriyama et al. 1983). The
genome sequence was characterized and shown to be a
new species of the genus Sobemovirus (Zhang et al. 2001).
Cymbidium chlorotic mosaic virus was isolated from spring
orchid causing stunting and chlorotic streaks in Japan in
1996 (Kondo et al. 1996). Molecular analysis of the virus
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revealed that it was a new monocot-infecting member of the
genus Sobemovirus (Kondo et al. 2015).

Order Patatavirales

All members of the family Potyviridae, which is the only
family in the order Patatavirales, infect plants. The virions
of the potyvirids are non-enveloped and flexuous filamen-
tous particles with an unsegmented or segmented (+)ssRNA
genome(s). The genomes have a VPg (viral protein genome-
linked) covalently attached to the 5'-end, and the 3'-terminus
is polyadenylated. The genomes encode a major ORF, which
is translated into a large polyprotein (Gibbs and Ohshima
2010) and a small overlapping ORF, a “pretty interesting
Potyviridae ORF, PIPO” (Chung et al. 2008). The large
polyprotein is autocatalytically hydrolyzed into at least ten
functional proteins.

The members of the family Potyviridae are separated into
12 genera: Arepavirus, Bevemovirus, Brambyvirus, Bymovi-
rus, Celavirus, Ipomovirus, Macluravirus, Poacevirus, Poty-
virus, Roymovirus, Rymovirus, and Tritimovirus, based on
their biological characteristics, genome structures, nucleo-
tide sequence identities, and molecular phylogenies (Wylie
et al. 2017). While the members of the genera Potyvirirus
and Macluravirus are transmitted in a non-persistent man-
ner by aphids, members of other genera are transmitted by
whiteflies (ipomoviruses), eriophyid mites (rymoviruses,
poaceviruses, and tritimoviruses), or the plasmodiophorid
cercozoan Polymyxa graminis (bymoviruses). The vectors
of members of the two remaining genera, Roymovirus and
Brambivirus, are unknown. Some members of the family
Potyviridae are seedborne (Gibbs and Ohshima 2010).

Two hundred thirty-five species in the family Potyviri-
dae have been reported (https://talk.ictvonline.org/ictv-
reports/ictv_online_report/positive-sense-rna-viruses/w/
potyviridae; June 2021). Potyviruses constitute one of the
largest genera of plant viruses, and approximately 190 spe-
cies belong to the genus Potyvirus. The largest number of
nucleotide sequences of full or nearly full genomes of the
potyviruses in GenBank are probably turnip mosaic virus
(TuMV; > 600 isolates; Kawakubo et al. 2021), potato virus
Y (PVY; > 600 isolates; Gao et al. 2020), and PPV (Maejima
et al. 2020; <500 isolates; June 2021).

The oldest description of symptoms caused by a virus in
the family Potyviridae in Japan seems likely to be mosaic
symptoms on cowpea (Matsumoto 1922), and the casual
agents of this symptom seem to be one of the potyviruses,
e.g., bean common mosaic virus. The members in five gen-
era, Bymovirus, Macluravirus, Potyvirus, Roymovirus, and
Rymovirus, have been reported in Japan (2019): five bymovi-
ruses, barley mild mosaic virus (Kashiwazaki 1996), barley
yellow mosaic virus (Kashiwazaki et al. 1990), rice necro-
sis mosaic virus (Wagh et al. 2016), wheat yellow mosaic
virus (Namba et al. 1998), soybean leaf rugose mosaic

virus (Ohki et al. 2021); two macluraviruses, Chinese yam
necrotic mosaic virus (ChyNMV; Kondo and Fujita 2012)
and narcissus latent virus (Ohshima et al. 2016); one roy-
movirus member, rose yellow mosaic virus (RoYMYV; Ohata
et al. 2021); one rymovirus, ryegrass mosaic virus (Sup-
plementary Table S1); and 68 potyviruses. The five bymo-
viruses, ChyNMV and RoYMYV were discovered or molecu-
larly characterized in Japan for the first time. Among the 68
potyviruses are those discovered in Japan for the first time
and representing new species. Examples include ashitaba
mosaic virus (Sakamoto et al. 2021), Japanese yam mosaic
virus (Fuji and Nakamae 1999), Habenaria mosaic virus
(Kondo et al. 2014) and konjak mosaic virus (Nishiguchi
et al. 2006), uraria mosaic virus (Nakasato et al. 2020), and
passiflora mosaic virus Y (Nakasato et al. 2020).

Phylum Artverviricota, kingdom Pararnavirae

Order Ortervirales

The order Ortervirales consists of five families: Retro-
viridae, Belpaoviridae, Metaviridae, Pseudoviridae, and
Caulimoviridae. The first comprises human and animal
pathogenic classical retroviruses. The following three fami-
lies include retrotransposons found in diverse organisms,
including plants, fungi, and invertebrates. Although studies
of retrotransposons have contributed to the progress of plant
biology (e.g., functional genomics; for review, see Hirochika
2001), this section covers plant pathogenic members classi-
fied into the family Caulimoviridae, with a focus on viruses
detected for the first time in Japan and mostly assigned to
species. Caulimoviridae consists of 11 genera, such as Bad-
navirus, Caulimovirus, Petuvirus, and Soymovirus (ICTV
MSL36). Among all of their members, viruses of ten spe-
cies, six from the genus Caulimovirus, two from the genus
Soymovirus, and one each from the genera Petuvirus and
Badnavirus, have been reported in Japan. In addition, virus
strains belonging to two tentative species of the genus Bad-
navirus have been suggested in the list of “Plant Viruses
and Viroids in Japan” (https://www.ppsj.org/pdf/mokur
oku-viroid_2021.pdf?1005; Table 1 and Supplementary
Table S1).

The first description of the cauliflower mosaic virus
(CaMV, genus Caulimovirus, family Caulimoviridae) in
Japan was in 1960 (Tochihara 1960). To date, nine CaMV
isolates have been described and recently sequenced (Yasaka
et al. 2014), of which five strains are available from the
NARO gene bank (https://www.ppsj.org/pdf/mokuroku-
viroid_2021.pdf?1005). The incidence of carnation etched
ring virus (CERV) was described only briefly (Tochihara
et al. 1975), and following that, there has been no report of
CERV in Japan. Dahlia mosaic virus, which was described
with virion morphology in 1967, has been frequently
found in surveys of dahlia plants and included as a target
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in a multiplex PCR for virus disease diagnosis in dahlia
(Asano et al. 2015). The strawberry vein banding virus was
described to a minor extent in a report of a long-term study
on different strawberry viruses (Takai 1973). Its virion struc-
ture was electron-microscopically confirmed later, and the
genome was recently sequenced (Takamura et al. 2020).

Soybean chlorotic mottle virus, the exemplar member
of the genus Soymovirus, was identified for the first time
in Japan (Iwaki et al. 1984) as representing a new virus
species. The genome sequence and functional analysis
have also been reported (Hasegawa et al. 1989; Takemoto
and Hibi 2001). Another member of the genus Soymovirus
found in Japan is the blueberry red ringspot virus, which
has been detected in at least two distinct regions of Japan
(Isogai et al. 2009).

Petunia vein clearing virus (PVCV) was first identified in
the United States (Lesemann and Casper 1973) and reported
in Japan for the first time in 1980 (Supplementary Table S1).
PVCV is the best-studied Caulimoviridae member with the
virus genome integrated into host chromosomes (Richert-
Poggeler et al. 2003). A recent study revealed that the acti-
vation of endogenous PVCV affects floral color patterning,
likely by silencing its suppressor function (Kuriyama et al.
2020).

Canna yellow mottle virus (CYMV) is a member of the
genus Badnavirus discovered in Japan (Yamashita et al.
1985a). It was identified based on similar morphologi-
cal features to the cacao swollen shoot virus. Although
CYMYV was first observed in Japan, it has rarely been
described in Japan. In contrast, CYMYV has been reported
in different countries, including the United States (Zhang
et al. 2017). Aucuba ringspot virus, tentatively represent-
ing a new species of the genus Badnavirus, was reported
to have molecular and morphological properties similar to
other members of the genus (Uke et al. 2021). However,
its identity with the Aucuba bacilliform virus, which is
listed as a related, unclassified virus by the ICTV, remains
to be determined.

Viroids

Families Avsunviroidae and Pospiviroidae

Viroids are small, circular, and non-protein-coding ssR-
NAs that replicate autonomously through an RNA-RNA
rolling-circle mechanism mediated by host enzymes. Cur-
rently, 33 species have been identified, which are classified
into three genera (Avsunviroid, Elaviroid, and Pelamoviroid)
of the Avsunviroidae family and five genera (Apscaviroid,
Cocadviroid, Coleviroid, Hostuviroid, and Pospiviroid) of
the Pospiviroidae family (Di Serio et al. 2018, 2021; Serra
et al. 2018). Two species of the genus Pelamoviroid in Avs-
unviroidae and 18 species belonging to the five genera in
Pospiviroidae have been identified in Japan (Table 1 and
Supplementary Table S1).
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Hop stunt viroid (HSVd), the type member of the genus
Hostuviroid, was first identified in Japan as a causal agent
of stunt disease in commercial hops that exhibit bine stunt-
ing and the low a-acid content in cones (Sasaki and Shikata
1977). Hop stunt disease emerged for the first time in the
1940—1950s and was endemic only in Japan until the end of
the twentieth century. However, outbreaks are now reported
in the world's main hop producing areas (Hataya et al. 2017).
In hosts other than hops, pale fruit disease that occurred in
cucumber plants in the Netherlands was revealed to be caused
by a variant of HSVd, and subsequently, HSVd variants were
also detected in grapevine and citrus trees worldwide. In addi-
tion, another HSVd variant was revealed to cause the dapple
fruit disease of plum and peach or the yellow fruit disease of
‘Soldam’ plum in Japan (Hataya et al. 2017). Evolutionary
analyses suggested that HSVd variants in hops were trans-
ferred by chance and originated from HSVd variants in cul-
tivated grapevines that were symptomless reservoirs, and the
HSVd sequence was evolved to adapt in hops (Kawaguchi-Ito
et al. 2009). Currently, HSVd is known to have a broad host
range and is widely distributed around the world in plants
of many families, such as Anacardiaceae (pistachio), Canna-
baceae (hop), Cucurbitaceae (cucumber), Lythraceae (pome-
granate), Moraceae (fig and mulberry), Rhamnaceae (jujube),
Rosaceae (e.g., almond, apple, apricot, cherry, peach, pear,
and plum), Rutaceae (Citrus spp.), and Vitaceae (grapevine;
Hataya et al. 2017).

The genus Apscaviroid is the largest genus, consisting
of ten species. The representative member, apple scar skin
viroid (ASSVd), was first identified in Japan as a causal agent
of scar skin or dapple apple diseases. Symptoms of ASSVd
vary among apple cultivars (Koganezawa 1985). ASSVd also
induces fruit dimple disease in Japanese pear cultivars ‘Nii-
taka’ and “Yoshino’ and rusty skin or fruit crinkle disease on
pear cultivars in China. ASSVd was also identified in apri-
cot, peach, sweet cherry, and Himalayan wild cherry, whose
symptoms caused by ASSVd are unknown. The natural host
range of ASSVd is restricted to pome and stone fruit trees in
the Rosaceae family (Hadidi et al. 2017). Furthermore, the
genus Apscaviroid includes citrus viroid VI, which was iden-
tified first in a tree of ‘Shiranui’ mandarin in Japan (Ito et al.
2001) and subsequently in Japanese persimmon (Nakaune and
Nakano 2008).

Conclusions

This review was devised to provide the readership with infor-
mation about the viruses and viroids occurring in Japan com-
piled by the two PSJ committees, PVDSG and PVTC, as well
as the contributions made by PSJ and its previous and cur-
rent members. This review cannot cover all of their achieve-
ments, and thus, the readership is recommended to refer to
other elegant reviews and books (see “Introduction”). The two
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committees plan to periodically publish such a review article
with advances in plant virus/viroid hunting and their studies
in Japan.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10327-022-01051-y.
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