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Abstract Nyamanini virus (NYMV) and Midway virus
(MIDWYV) are unclassified tick-borne agents that infect
land birds and seabirds, respectively. The recent molecular
characterization of both viruses confirmed their already
known close serological relationship and revealed them to
be nonsegmented, single- and negative-stranded RNA
viruses that are clearly related to, but quite distinct from,
members of the order Mononegavirales (bornaviruses, fil-
oviruses, paramyxoviruses, and rhabdoviruses). A third
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agent, soybean cyst nematode virus 1 (SbCNV-1, previ-
ously named soybean cyst nematode nyavirus), was
recently found to be an additional member of this new virus
group. Here, we review the current knowledge about all
three viruses and propose classifying them as members of a
new mononegaviral family, Nyamiviridae.
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Introduction

The viral order Mononegavirales was created in 1991 to
include the already well-established families Paramyxo-
viridae, Rhabdoviridae, and Filoviridae [46] and was
expanded in 1997 by inclusion of the family Bornaviridae
[47]. All mononegaviruses are characterized by (1) having
a linear, monopartite, single-stranded RNA genome of
negative polarity, (2) having a similar genomic organiza-
tion in the order 3'-untranslated region (UTR) — core
protein genes — envelope protein genes — RNA-dependent
RNA polymerase gene — 5-UTR, (3) transcription of dis-
crete mRNAs by sequential interrupted synthesis from a
single promoter, (4) synthesis of a complete RNA antige-
nome during replication, and (5) the formation of virions
whose envelopes are derived from the host cell. The
members of the order are assigned to the four established
families based on genome size, coding capacity, virion
morphology, host range, and pathogenicity as well as by
phylogenetic comparison of the core regions of their
polymerases (domain III) [19, 46, 47]. The order has grown
considerably since its establishment, and currently includes
more than 18 genera and 98 species. In addition, numerous
viruses have been identified as definite members of the
order, and often as members of particular families, but have
not yet been assigned to genera and/or species because of a
lack of sequence information or insufficient biological
characterization [2, 19, 32].

Recent breakthroughs in sequencing technologies indi-
cate that the virus sphere is considerably larger than that
currently acknowledged by the International Committee on
Taxonomy of Viruses (ICTV) classification framework.
The latest, 9% ICTV Report lists 2,284 virus and viroid
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species, 349 genera, 19 subfamilies, 87 families, and 6
orders [32]. At the same time, investigators have reached a
common consensus that the vast majority of the millions of
distinct living organisms likely carry one or more distinct
viruses [6, 64]. Several studies clearly support this view.
For instance, some 20 viral metagenomic surveys, i.e.,
shotgun sequencing of purified virion populations collected
from different environments, have demonstrated that
dominant virus sequences detected in these samples are
rarely represented by cultured viruses acknowledged by the
ICTV or in current databases [50]. More than half of the
detected viral sequences during such studies are completely
novel. The remainder of the viral sequences are mostly
only distantly related to known sequences and therefore
most likely represent viruses requiring assignment to novel
taxa [17, 49, 66]. Importantly, improving bioinformatics
capabilities have repeatedly allowed assembly of the
complete genomes of multiple previously unknown and
possibly nonculturable viruses [15, 18, 22, 45, 48, 53, 60].

Accurate taxonomic classification of viruses that have
been cultured and sequenced but not further characterized
is inherently needed. More importantly, we believe viruses
should be classified based on detection and sequencing of
nearly complete viral genomic nucleic acids from defined
biological environments (niches). First, due to the vast
number of viruses in nature, many viruses will probably not
be characterized in detail in the laboratory, especially when
their importance for public, animal, and crop health or their
economic impact is unknown a priori. Second, reminiscent
of problems in bacteriology, it is highly unlikely that the
majority of viruses can ever be cultured, as they may
depend on particular host cells, nutrients, or environmental
factors that cannot be mimicked in the laboratory. At the
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same time, novel, seemingly unimportant viruses may
express proteins of appreciable scientific, medical, or
economic interest, hold clues with regard to viral evolution
and ecology, or may be identified as pathogens by indirect
means. Consequently, proper cataloguing of these novel
viruses in databases and their proper phylogenetic classi-
fication in taxonomy frameworks is necessary [36, 50].
ICTV’s current International Code of Virus Classification
and Nomenclature (ICVCN) does not prohibit the classi-
fication of viruses for which isolates are not available, but
clearly, a minimal set of biological information about a
nonculturable virus should be available for classification.
Unfortunately, such minimal datasets have yet to be
established for viral classification. On the other hand, the
ICTV has classified hundreds of viruses for which there are
isolates but which are basically uncharacterized (e.g., by
sequencing) except for serological cross-reaction tests. We
think that in the absence of other data, the information
about a virus gleaned from an available full-length genome
can be as informative, or maybe more informative, for
classification purposes than a serological cross-reaction test
or the availability of an isolate.

Results from recent studies have evoked a need to dis-
cuss and establish novel classification criteria for
uncharacterized and/or uncultured mononegaviruses. For
instance, the full genome sequence of a clearly novel fil-
ovirus, Lloviu virus, was determined in the absence of
virus culture in tissues of deceased fruit bats in Spain [45].
A novel, clearly distinct rhabdovirus, Bas-Congo virus,
was identified by determination of its full-length genome in
sera obtained from humans with acute-phase viral hemor-
rhagic fever [22]. Most impressively, results from an
extensive sequencing study in bats and rodents performed
by Drexler et al. has recently revealed at least 66 new
members of the family Paramyxoviridae in the absence of
virus isolates [18]. In further work, nearly complete gen-
ome sequences of several of these viruses were determined,
and phylogenetic analysis using detected genome frag-
ments suggested that each of the 66 new viruses could
represent a new paramyxovirus species [18]. Together,
these data indicate that mononegavirus diversity is under-
appreciated, that many mononegaviruses may only be
discovered by sequencing efforts, and that the current
mononegavirus classification criteria may be inadequate.
To avoid appreciable classification backlogs, the mono-
negavirus ICTV Study Groups may need to become more
proactive and more flexible regarding mononegavirus
classification.

Here, we address the classification of three mononegavi-
ruses that, according to the currently valid mononegavirus
classification criteria [19, 32, 46, 47], cannot be assigned to
any of the four established mononegavirus families. We
therefore propose, based on sequence and biological data, to

classify these viruses as members of a new mononegaviral
family, Nyamiviridae.

Nyamanini virus

On November 19, 1957, B. M. Mclntosh collected samples
that contained a novel virus from a cattle egret (Animalia:
Aves: Pelicaniformes: Ardeidae: Bulbulcus ibis ibis Lin-
naeus, 1758) at Nyamanini Pan in the Ndumu Game
Reserve, northern Natal, Union of South Africa (today the
Republic of South Africa). Mclntosh re-isolated the virus
four times between 1959 and 1960 from cattle egrets at
Naboomspruit and 14 times from associated soft ticks
(Animalia: Arthropoda: Arachnida: Ixodida: Argasidae:
Argas (Persicargas) arboreus Kaiser, Hoogstraal & Kohls,
1964) and named it Nyamanini virus. Mclntosh then pro-
ceeded to register this virus in the “Catalogue of
Arthropod-borne Viruses” in February of 1960 [1, 24, 27,
28, 30, 57] (prototype isolate SAAn2526). Nyamanini virus
was also isolated

e from A. arboreus ticks collected in an egret rookery
(isolate Arl1156 collected on January 29, 1954 and
Ar1304 collected on August 12, 1954) in the Nile Delta
of the Republic of Egypt (today the Arab Republic of
Egypt) and in a sample from a nestling cattle egret
(isolate An2252 collected on June 14, 1954) [56, 57];

e from A. arboreus ticks collected between March 1963
and February 1964 at a heron rookery at Delta Barrage,
Qalytdb, Qalytbiya Governorate, Arab Republic of
Egypt (isolate 2558-59 of June 1963 and 75 additional,
unnamed, isolates). In 1963, the percentage of infected
ticks was found to be highest in June and lowest in
September and December [29];

o from ticks (Argas (Persicargas) robertsi Hoogstraal,
Kaiser & Kohls, 1968) collected in 1967 from under the
bark of trees in an Asian openbill (Aves: Ciconiifor-
mes: Ciconiidae: Anastomus oscitans Boddaert, 1783)
rookery at Wat Phai Lom, Pathum Thani, Thailand [24,
25] (isolate tick39);

e from A. arboreus ticks (males, females, and nymphs,
but not larvae) collected on October 14-15, 1970, in
Dalori (11 isolates) and on October 17, 1970, in
Gangaba (4 isolates), North Eastern State, Nigeria,
from under the bark of trees frequented by cattle egrets
[31, 63];

e from A. robertsi ticks collected in 1972 from Mahadan
and Kumbuk trees with nests of eastern grey herons
(Aves: Pelicaniformes: Ardeidae: Ardea cinerea recti-
rostris Gould, 1843), Asian openbills, and cormorants
(Phalacrocorax Brisson, 1760 spp.) in Wilpattu Nature
Reserve (today Wilpattu National Park), Kumbukwila,
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Anuradhapura District, North Central Province, Ceylon
(now Sri Lanka) [24, 25] (isolate HH21363);

e from a grey heron in India at an unknown date at an
unknown location [25, 59] (isolate 164434); and

e from ticks (Argas (Aragas) reflexus Fabricius, 1794)
collected in Nepal at an unknown date at an unknown
location [59] (isolate NepAr89).

Nyamanini virus is not known to cause disease in humans
or wild animals. Initial studies failed to detect complement-
fixation antibodies to isolate EgAr1304 in 120 acute and 48
convalescent sera of children with fever collected between
June and October of 1968 at a hospital in Alexandria, Egypt
[43]. Follow-up studies also failed to detect antibodies in 191
human sera collected in Lower Egyptian governorates [16].
Low titers of antibodies against the virus could be detected in
3 0f 403 (0.01 %) humans, an unspecified number of goats,
0 of 76 cattle and sheep, and 1 of 9 (0.11 %) donkeys in South
Africa [30, 31] and in 3 of 108-109 (2.80 %) buffalo in a
Cairo abattoir, 1 of 137 (0.73 %) camels in a Cairo abattoir,
and 1 of 101 (0.99 %) stray dogs sampled in the Greater Cairo
area. Antibodies could not be detected in 100 sheep, 101
pigs, 187—-197 donkeys (numbers vary depending on source),
or 94 unspecified rodents [16, 30]. In the laboratory,
Nyamanini virus isolate SAAn2526 killed suckling mice
within 7-8 days after intracerebral (i.c.) inoculation; some
weaned mice also succumbed to infection [30]. Adult guinea
pigs and rabbits had an antibody response, but no illness,
after i.c. inoculation. Viremia was detected in adult “vervet
monkeys” (Chlorocebus aethiops?) injected subcutaneously
(s.c.), whereas 6-month-old lambs and 1-day-old chickens
only had antibody responses after s.c. and intramuscular
(i.m.) injections, respectively. Intravenous injection into a
nestling cattle egret and an adult unspecified coot resulted in
viremia. Yolk sac injection into an embryonated 8-day-old
chicken egg resulted in death 4 days after injection [30].
Isolate 2558-59 killed suckling mice within 7-8 days afteri.c.
inoculation. Three-week-old mice or half-day-old chicks
were not susceptible to Nyamanini virus infection via i.c. or
intraperitoneal (i.p.) infection, nor were 5-week-old chick-
ens susceptible after s.c. injection [29]. Likewise, 5-week-
old C57/BL6 laboratory mice did not develop symptoms
after infection with Nyamanini virus isolate tick39 [23].

Midway virus

On July 12 and August 6, 1966, viruses serologically related
to, but distinct from, Nyamanini virus were isolated from
ticks (Ornithodoros (Alectorobius) capensis Neuman, 1901)
collected from nests of a sooty tern colony (Aves: Char-
adriiformes: Sternidae: Onychoprion fuscatus Linnaeus,
1766) on Midway Atoll and from nests of unspecified larid
birds on Kure Atoll, Hawaii, USA, respectively [13, 14, 55,
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67, 68] (isolates RML47153 and RML47156). Other isola-
tions were made

e between June 22 and 23, 1971, from O. capensis ticks
collected from nests of black-tailed gulls (Aves:
Charadriiformes: Laridae: Larus crassirostris Vieillot,
1818) on Aomatsushima Islet, Iwate Prefecture, Japan
[54, 55] (isolate Capl5);

e on June 6 and June 20, 1972, from the same samples
[54, 55] (isolates Cap39, Cap40, Cap41, Cap43, and
Cap44); and

e on November 10, 1973, from ticks (Ornithodoros
(Alectorobius) denmarki Kohls, Sonenshine & Clifford,
1965) collected on Manana Islet, Hawaii, USA [14, 55,
67, 68] (isolate RML 63668).

All of these isolates proved to be serologically identical
and therefore are now considered isolates of a distinct
virus, Midway virus [14, 54, 55, 67, 68]. Midway virus is
not known to cause disease in humans or wild animals, but
neutralizing antibodies have been detected in nestlings of
black-tailed gulls and black-crowned night herons (Aves:
Pelicaniformes: Ardeidae: Nycticorax nycticorax Linnaeus,
1758). However, the fourth suckling Swiss mouse brain
passage of isolate Capl5 killed suckling Swiss mice, but
not 4-week-old Swiss mice, after i.c., but not after i.p.,
injection 6-15 days after inoculation. Isolate RML47153
behaved similarly, but also caused some deaths when
inoculated i.p. into adult guinea pigs. Hamsters (9 days old)
and wet chicks proved resistant to isolate RMLA47153
inoculation irrespective of the route of inoculation [55].

Soybean cyst nematode nyavirus

In 2011, Bekal et al. published the genomic sequence of a
novel Midway virus-related agent detected on January 28,
2010, in a highly inbred laboratory culture of a plant-par-
asitic nematode (strain Terry Niblack (TN)10), the soybean
cyst nematode (Animalia: Nematoda: Chromadorea:
Tylenchida: Heteroderidae: Heterodera glycines Ichinohe,
1952). Importantly, the new virus was detected in the
surface-sterilized developmental stage of the nematode that
hatches from the egg and can move in the soil seeking a
soybean plant to parasitize (second-stage juveniles, J2),
thereby largely excluding fungal virus contamination [3].

Current classification and nomenclature

Nyamanini virus was not listed in the 1% through 5"
Reports of the ICTV [20, 21, 37, 38, 65] despite the pub-
lication of its discovery and naming in 1960 [57]. Midway
virus was mentioned in the literature for the first time in
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1968 as an unnamed virus [13], but the first thorough
description was published in 1982 [55]. Not surprisingly,
Midway virus was not mentioned in the 4™ ICTV Report
(1982) [38], but it was also absent from the 5"-8" ICTV
Reports (1991-2005) [8, 21, 40, 44]. In the 6™, 7", and 8"
ICTV Reports (2005), Nyamanini virus was mentioned as a
virus not yet assigned to any taxon [8, 39, 40]. The most
current, 9" ICTV Report (2011), lists both Nyamanini
virus and Midway virus as unassigned, but related, viruses
that most likely “form a distinct lineage in the order
Mononegavirales” [1]. The discovery of the soybean cyst
nematode virus [3] (2012) followed the publication of the
9" ICTV Report. Consequently, the virus cannot be found
in any of the standard virus taxonomical reference works.

The confirmation of the antigenic relationship between
Nyamanini virus and Midway virus by cross-box comple-
ment fixation tests resulted in the establishment of the
Nyamanini serocomplex, which was abbreviated “NYM” by
several authors and “nym” by Cerny [7, 11, 12, 14, 24, 42].
“NYM” was first used as the abbreviation for Nyamanini
virus by Hoogstraal in 1974 [25], by Mclntosh in 1975 [5],
and by Jupp and Mclntosh in 1981 [27]. In recent publica-
tions, including the latest ICTV Reports, “NYMV” and
“MIDWV” have been used as the abbreviations for
Nyamanini virus and Midway virus, respectively [1, 3, 8, 23,
42]. Bekal et al. named the MIDWV-related agent they
found in soybean cyst nematodes “soybean cyst nematode
nyavirus” and abbreviated it SCNV [3]. At the time of this
writing, GenBank lists the same virus under the name
“soybean cyst nematode midway virus” [GenBank accession
#HM849038]. We propose here to rename this virus “soy-
bean cyst nematode virus 1 (SbCNV-1)” so that possible
future taxon reorganizations do not require a virus name
change, and because the abbreviation “ScNV” is already in
use for Saccharomyces 20S RNA narnavirus [33].

Virological and molecular characterization
Cell culture

NYMV (isolate 2558-59) replicates and causes visible
cytopathic effects (CPE) by day 5 after inoculation in duck
embryo tissue cultures. Plaques are “irregular with
incomplete necrosis within their areas and with diffused
necrosis on the periphery, giving an opaque appearance”
[29]. Isolate tick39 can be propagated in Vero cells [23,
42]. Isolate SAAN2526 causes plaques in LLC-MK?2 cells,
and isolate EgAr1304 replicates in BHK-21 cells with
visible CPE [30].

MIDWYV (isolate RML47153, mouse passage 4) repli-
cates in RML-14 tick cells (derived from Dermacentor
parumapertus Neumann, 1901) [7], is cytopathic for BHK-

21 cells, and produces plaques in Vero cells [42, 55]. The
Japanese MIDWYV (Hirota) isolates can also be grown in
BHK-21 cells, as well as in LLC-MK2 cells [54]. At this
time, there is no isolate of SbCNV-1 [3].

Virions

NYMV and MIDWYV particles were at first reported to be
unusually large, with average diameters of 220-450 nm [9,
55]. More recent studies, utilizing thin-section electron
microscopy, suggest the spherical particles to be closer to
~100-130 nm in diameter [42]. Both NYMV (isolate
SAAnN2526) and MIDWV (RML47153 and Hirota isolate)
particles proved to be sensitive to lipid solvents, such as
diethyl ether and sodium deoxycholate, indicating that these
particles are enveloped [55]. Electron microscopic studies
indicate that the envelope is acquired when the particles bud
from the host cell plasma membrane [42]. NYMV (isolate
2558-59) and MIDWYV (isolate Capl5) do not hemaggluti-
nate goose erythrocytes (tested pH range, 5.7-6.8 and 6-7,
respectively) [29, 55]. MIDWYV (isolate RML47153) parti-
cles are inactivated within 30 min at 56°C [55], and both
NYMV (isolate EgArl304) and MIDWYV (isolate
RMLA47153) particles are inactivated rapidly at pH = 3 [55].

Genomes

NYMV (isolate EgAr1304) and MIDWV (RML47153 and
Hirota isolates) replicate in the presence of DNA inhibitors
(e.g., 5-bromodeoxyuridine), indicating that their genome
consists of RNA and that replication is not dependent on
DNA intermediates [55]. The NYMV (isolate tick39)
genome is mono-phosphorylated at its 5’ end and contains
two nucleotides at its extreme 3’ terminus that are not
complementary to the extreme 5’ terminus. The lack of
complementary nucleotides prevents perfect panhandle
formation of the viral genome (protruding 3’ terminus).
These special features of the viral genome appear to
facilitate viral evasion of the host-cell interferon response
[23]. Genomic sequences are now available for NYMV
(isolate tick39), MIDWYV (isolate RML47153), and
SbCNV-1 (GenBank accession nos. FJ554526, F1554525,
and HM849038, respectively) [3, 42].

The complete NYMV and nearly complete MIDWV
genomes are 11,631 ntand =11,752 nt long, respectively. The
genomes of both viruses contain six obvious open reading
frames (ORFs) (Table 1) [42]. The NYMV and MIDWV
transcription initiation motifs are 3-AGUUGG(G/A)(G/A)
GAA-5' and 3'-GGUUGG(G/A)GGG(G/A)-5', and the tran-
scription termination motifs are 3'-AGAAAUGUUUUU-5'
and 3-AGAA(U/A)UGUUUUU-5’, respectively [42]. When
compared to each other, the lowest similarity score of NYMV
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Table 1 Properties of NYMV, MIDWYV, and SbCNV-1 expression products [3, 23, 42, GenBank]

Analogous gene in other mononegavirus

NYMV / MIDWYV / SbCNV-1 expression products

Presence of Percent amino acid

genomes signal peptide  similarity
N gene analog of bornaviruses, NYMYV ORFI: 370 aa (42.0 kD/pI=6.95) No NYMV-MIDWV: 80.3
paramyxoviruses, rhabdoviruses; MIDWYV ORF1: 370 aa (41.4 kD/pI=7.36) No NYMV-SbCNV-1: 18.9
NP analog of filoviruses SbCNV-1 ORF1: 412 aa (44.6 kD/pl=6.55) No MIDWV-SbCNV-1: 17.1
X gene analog of bornaviruses; NYMV ORF2: 214 aa (24.5 kD/pl=4.15) No NYMV-MIDWV: 54.2
VP24 gene analog of filoviruses MIDWYV ORF2: 230 aa (25.7 kD/pI=4.08) No NYMV-SbCNV-1: NA
MIDWV-SbCNV-1: NA
P gene analog of bornaviruses, NYMYV ORF3: 382 aa (44.6 kD/pI=9.03) No NYMV-MIDWV: 56.3
paramyxoviruses, and rhabdoviruses; MIDWYV ORF3: 425 aa (49.1 kD/pI=8.40) No NYMV-SbCNV-1: 14.6
VP35 gene analog of filoviruses SbCNV-1 ORE2: 281 aa (29.4 kD/pl=4.59) No MIDWV-SbCNV-1: 19.2
M gene analog of bornaviruses, NYMYV ORF4: 131 aa (15.1 kD/pI=9.84) No NYMV-MIDWV: 68.2
paramyxoviruses, and rhabdoviruses; MIDWYV ORF4: 132 aa (15.3 kD/pI=9.11) No NYMV-SbCNV-1: 20.0
VP40 gene analog of filoviruses SHCNV-1 ORF3: 80 aa (9.0 kD/pI=9.56) No MIDWYV-SbCNV-1: 25.0
G gene analog of bornaviruses, NYMYV ORFS: 658 aa (74.1 kD/pl=6.83) Yes NYMV-MIDWV: 66.2
paramyxoviruses, and rhabdoviruses; MIDWV ORFS: 597 aa (67.4 kD/pl=7.46) Yes NYMV-SbCNV-1: 17.1
GP gene analog of filoviruses SbCNV-1 ORF4: 561 aa (61.4 kD/pl=6.17) Yes MIDWV-SbCNV-1: 17.1
L gene analog of bornaviruses, filoviruses, NYMV ORF6: 1,936 aa (217.1 kD/pl=7.94) No NYMV-MIDWV: 77.9
paramyxoviruses, and rhabdoviruses MIDWYV ORF6: 1,935 aa (218.1 kD/pI=8.24) No NYMV-SbCNV-1: 25.9
SbCNV-1 ORFS5: 2,086 aa (236.3 kD/pI=8.30) No MIDWV-SbCNV-1: 25.5

NA, not applicable. All values were calculated with the DNAStar Lasergene Suite, version 8.1.4

vs. MIDWYV OREF expression products is 54 %, emphasizing
the close relationship of these two viruses (Table 1).
Sequence similarity and structural properties of NYMV
and MIDWYV suggest that ORF1, 5, and 6 encode the
nucleoprotein (N), the glycoprotein (G), and the viral
polymerase (L), respectively. The amino acid sequence of
the ORF1 expression product has detectable similarity to the
nucleoprotein (N) of Borna disease virus (BDV; family
Bornaviridae, genus Bornavirus, species Borna disease
virus). The amino acid sequence of the ORF6 expression
product is similar in sequence to mononegavirus L proteins,
suggesting that ORF6 encodes the RNA-dependent RNA
polymerase (RdRp). ORF5 most likely encodes the glyco-
protein, as it is similar to other mononegaviral G/GP genes
in that it encodes an obvious signal peptide and a protein
with the typical organization of a type I transmembrane
protein, together with multiple glycosylation sites [42].
The NYMV ORF2-derived protein enhances virion-like
particle (VLP) formation when co-expressed with ORF4 and
ORFS5, suggesting that ORFs 2 and 4 encode two distinct
matrix proteins, reminiscent of filoviral VP24/VP40 [23].
More recent experiments revealed that a mutant NYMV
lacking ORF2 cannot be recovered using reverse genetics,
whereas a mutant NYMYV lacking ORF4 remains replication-
competent. Interestingly, ORF4-deficient NYMV readily
established a persisting, non-cytolytic infection but failed to
produce infectious viral particles (Herrel et al., unpublished).
ORF4-deficient NYMYV therefore has an infection phenotype
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similar to that of matrix (M) gene-deficient measles virus,
Sendai virus (both paramyxoviruses) [10, 26], and rabies
virus (a rhabdovirus) [41]. This observation strongly sup-
ports the view that ORF4 represents an essential factor for
NYMYV particle assembly. As the ORF2-derived protein
inhibits RdRp activity and further binds to the ORF3-derived
protein, the ORF2 product is now speculated to be similar in
function to the BDV X protein [23].

NYMYV ORF3 expresses a protein that, when expressed
together with the ORF1-derived protein (N analog) and the
ORF6-derived protein (L analog), reconstitutes full RdRp
activity [23]. The ORF3 expression product binds to those
of ORFI1, ORF2, ORF6, and to itself. These data suggest
that ORF3 encodes the analog of mononegavirus poly-
merase cofactors (P/VP35) [23].

The genome of SbCNV-1 is 11,359 nt long and encodes
at least five ORFs (Table 1). ORF1, ORF4, and ORF5 are
significantly similar to the N/ORF1, G/ORF5, and L/ORF6
proteins of BDV and MIDWYV, respectively. ORF4
encodes a protein with a signal peptide, a carboxy-terminal
membrane anchor, and a glycosylation site, suggesting that
ORF4 indeed codes for the G analog. ORF2 and ORF3
encode proteins that do not have analogs in common dat-
abases, but the predicted ORF2 expression product has a
predicted isoelectric point (pI) of 5.1, suggesting that it
may be the P/VP35 analog. By the process of elimination
and the position of ORF3 in the genome, ORF3 encodes the
matrix protein (Table 1) [3].
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Life cycle

The cellular life cycles of NYMV, MIDWV, and SbCNV-1
have yet to be characterized. Antisera recognizing the
NYMV N/ORF1 and ORF3 expression products strongly
stained the nucleus of NYMV-infected cells. Cell fraction-
ation experiments further revealed that NYMV genome-
sized RNA is present in the nuclear, but not the cytoplasmic,
fraction of infected cells [23]. Nuclear replication is a
property NYMV share among the mononegaviruses only
with bornaviruses and plant-adapted, arthropod-transmitted
nucleorhabdoviruses.

Proposed classification and nomenclature

Shotgun sequencing revealed partial NYMV and MIDWV
genome fragments with no similarity to other known
viruses in the common databases. At the nucleotide level,
tBLASTX analysis revealed a distant relationship of some
fragments to the RdRps of certain mononegaviruses (bor-
naviruses, filoviruses, and rhabdoviruses, but not
paramyxoviruses) [42]. Phylogenetic analysis of polymer-
ase and nucleoprotein genes by the maximum-parsimony
and maximum-likelihood methods revealed that NYMV
and MIDWV are indeed most closely related to known
mononegaviruses rather than viruses of other taxa, but that
NYMV and MIDWYV are distantly related to the mono-
negaviruses that are currently recognized [42] (Fig. 1).
Mihindukulasuriya et al. therefore suggested the estab-
lishment of a novel mononegavirus genus, Nyavirus, and
discussed the possible need to establish a new mononega-
virus family [42]. Like NYMV and MIDWYV, SbCNV-1
clearly has many mononegavirus features, but is only very
distantly related to known mononegaviruses [3]. All three
viruses possess an ORF (ORF1) that encodes a protein with
significant similarity to BDV nucleoprotein (N) [42].
Another property shared with bornaviruses (based on
experiments with NYMYV) is the genomic monophosphory-
lation at the 5’ end and the protruding 3’ terminus (filoviruses,
paramyxoviruses, and rhabdoviruses have triphosphorylated
5" ends and complementary 5" and 3’ ends) [23]. NYMV
replicates in the host-cell nucleus [23], a feature among the
mononegaviruses only shared with nucleorhabdoviruses and
bornaviruses. On the other hand, NYMV and possibly also
MIDWYV, but not SbCNV-1, encode two matrix proteins
[23], reminiscent of the coding strategy of filoviruses. In
contrast to filoviruses, NYMV, MIDWYV, and SbCNV-1
have much shorter genomes (=11-12 kb compared to ~18-19
kb in the case of filoviruses) [42], and they form enveloped
spherical, rather than filamentous particles [42, 55]. In con-
trast to most mononegaviruses, but similar to bornaviruses,
the polymerase cofactor P of NYMV is encoded by the third

rather than the second gene of the viral genome. Like in
BDV, the second gene of NYMV codes for a factor that
regulates polymerase activity and promotes particle forma-
tion [23]. In contrast to bornaviruses, it is unlikely that
NYMV uses gene splicing to express additional proteins
[23], and in contrast to paramyxoviruses and filoviruses, no
ORF contains obvious slippery sequences for cotranscrip-
tional editing. Finally, the NYMV, MIDWYV, and SbCNV-1
transcriptional initiation and termination sites are unique
[42]. Together, these data clearly indicate that NYMYV,
MIDWYV, and SbCNV-1 are related agents that cannot be
assigned to currently existing mononegavirus families
(Table 2). Consequently, we propose here the creation of a
new family, Nyamiviridae, which includes a single genus,
Nyavirus, which in turn includes two separate species for
NYMYV and MIDWYV, and a third, free-floating species for
SbCNV-1. Non-Latinized binomial species names distinct
from virus names are proposed as recommended in [61]
(Table 3), with the exception of the name for the species for
SbCNV-1, which may have to be renamed once it is classified
into a genus. An official taxonomic proposal (TaxoProp) will
be submitted to the ICTV in due time.

Template descriptions of taxa and viruses

Description of Nyamiviridae fam. nov. Kuhn et al., 2013
(tentative) Etymology of Nyamiviridae: sigil of the first
three letters of geo. Nyamanini Pan (place of isolation of
Nyamanini virus in South Africa) and the first two letters of
geo. Midway Atoll (place of isolation of Midway virus in
the USA); and suff. -viridae — ending denoting a virus
family [20, 65] — Neo-Lat. n. fem. pl. Nyamiviridae — the
family of nyamiviruses.

e Valid taxon name (fulfills ICVCN Article 3 Rule 11-3.8):
yes, because name is compliant with ICVCN Article 3
Rules, in particular Rules VI-3.31, VI-3.32, and IX-3.39
[33]; because it has been published [this article]; and
because it is associated with descriptive material

e Accepted name (fulfills ICVCN Article 3 Rule II-3.8):
no, because this name has yet to go through the ICTV
approval process

e Use of the taxon:

— Style: capitalized, italicized, zero article

—  Suggested pronunciation:[ namr’vi:ridi:] (IPA); nyah-
mi-vee-ri-dee (English phonetic notation)

— Abbreviation: none

e Use of taxon vernaculars:

e 1n.Ssg.: nyamivirus, or, more specific, nyamivirid (-virid:
ending denoting a physical member of a virus family
[62]). Suggested pronunciation: [,n‘amr’varras]/[ ,n'amr’-
virrid] (IPA); nyah-mi-vahy-ruhs/nyah-mi-vee-rid (Eng-
lish phonetic notation)
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Fig.1 Phylogenetic relationship of NYMV, MIDWYV, and SbCNV-1
to other mononegaviruses. A maximum-likelihood tree was con-
structed using PhyML 3.0 (http://www.atgc-montpellier.fr/phyml/)
based on a multiple amino acid sequence alignment of the RdRp
polymerase core module as described previously [34]. Virus names
and GenBank/RefSeq accession numbers: bornaviruses - Borna
disease virus (BDV; NP_042024), avian bornavirus genotype 2
(ABV2; ADU05398); filoviruses - Sudan virus (SUDV; YP_138527),
Marburg virus (MARV; YP_001531159); paramyxoviruses - New-
castle disease virus (NDV; NP_071471), Hendra virus (HeV;
NP_047113), measles virus (MeV; NP_056924), Sendai virus (SeV;
NP_056879), mumps virus (MuV; NP_054714), avian metapneumo-
virus (AMPV; YP_443845), human respiratory syncytial virus
(HRSV; NP_056866); rhabdoviruses - rabies virus (RABV;
NP_056797), bovine ephemeral fever virus (BEFV; NP_065409),
vesicular stomatitis Indiana virus (VSIV; NP_041716), infectious
hematopoietic necrosis virus (IHNV; NP_042681), potato yellow
dwarf virus (PYDV; YP_004927971), lettuce necrotic yellows virus
(LNYV; YP_425092); nyamiviruses - Nyamanini virus (NYMV;
YP_002905337), Midway virus (MIDWYV; YP_002905331), soybean
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cyst nematode virus 1 (SbCNV-1; AEF56729). Obtained and aligned
partial or fragment sequences are depicted in boxes. Mononegavirus
L-like protein sequences (MLLSs) in pea powdery mildew fungus
(Erysiphe pisi) (EpMLLS), yellow fever mosquito (Aedes aegypti)
(AaMLLS), zebrafish (Danio rerio) (DrMLLS); nyamivirus L-like
protein sequences (NLLSs) in lettuce (Lactuca sativa) (LsNLLS),
silkworm (Bombyx mori) (BmNLLS), leafcutter bee (Megachile
rotundata) (MINLLS), black carpenter and fire ants (Camponotus
pennsylvanicus and Solenopsis invicta) (CfNLLS and SiNLLS);
transcriptome shotgun assembly mononegavirus L-like protein
sequences (ShTSA-L) in an ascomycete fungus causing dollar spot
(Sclerotinia homoeocarpa) (ShTSA-L). Numbers at the nodes repre-
sent aLRT values derived using an SH-like calculation (only values
greater than 0.7 are shown). Note that the zebra fish (Animalia:
Chordata: Actinopterygii: Cypriniformes: Cyprinidae: Danio rerio
Hamilton, 1822) sequence was first reported as another NLLS [4], but
is has very poor sequence similarity (=20 %) to MIDWV L and
clusters more with MLLSs from fungi. The sequence is therefore
listed as an MLLS (DrMLLS) in the figure
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Table 2 Overview of data justifying the need for a novel mononegavirus family for NYMV, MIDWV, and SbCNV-1

Mononegavirus
family

Member inclusion criteria as defined by the ICTV
[19, 32, 46, 47]

Contradictory properties of NYMV, MIDWV,
and SbCNV-1 [3, 23, 42]

Bornaviridae

Filoviridae

Rhabdoviridae

Paramyxoviridae

Genomes ~9 kb in length
Overlapping genes

Gene splicing

Single matrix protein

N-glycosylated matrix protein

Spherical virions =90 nm in diameter

Infect mammals and birds, but not arthropods
or nematodes

Genomes ~19 kb in length
Overlapping genes
RNA editing of the GP gene

3" and 5' genomic ends are fully complimentary
Replication exclusively in the cytoplasm

Formation of branched, 6-shaped, or filamentous
virions > 800 nm in length

Infect nonhuman primates, pigs, and bats, but not
arthropods or nematodes

Endemic in sub-Saharan Africa, Spain, and the
Philippines

Cause viral hemorrhagic fever in humans and nonhuman
primates

3" and 5’ genomic ends are fully complimentary
Single matrix protein

Replication exclusively in the cytoplasm
(all rhabdoviruses except nucleorhabdoviruses)

Bullet-shaped, cone-shaped or bacilliform virions

Infect all kinds of animals, plants, and arthropods,
but not nematodes

Genomes <15 kb in length
3" and 5’ genomic ends are fully complimentary
RNA editing of the P gene

Replication exclusively in the cytoplasm
Single matrix protein

At least two envelope proteins constituting the
fusion machinery

Virions >150 nm

Not known to infect ticks or nematodes

Genomes =11 kb in length

No overlapping genes

unlikely

NYMYV and MIDWV: two matrix proteins

NYMV, MIDWYV, and SbCNV-1 matrix proteins not
N-glycosylated

NYMYV and MIDWYV particles spherical and =~ 130 nm in diameter
NYMYV and MIDWYV infect ticks; SDBCNV-1 infects nematodes

Genomes =11 kb in length
No overlapping genes

no evidence of a slippery sequence in NYMV, MIDWV,
or SbCNV-1 G genes

NYMYV 3’ end protruding
NYMYV replication in the nucleus
NYMYV and MIDWYV particles spherical and =130 nm in diameter

NYMYV and MIDWYV infect ticks; SbCNV-1 infects nematodes
Not known to be endemic in these areas

Not known to cause any disease in humans or nonhuman primates

NYMYV 3’ end protruding
NYMYV and MIDWV: two matrix proteins
NYMV replication in the nucleus

NYMYV and MIDWYV particles spherical
NYMYV and MIDWYV infect ticks; SbCNV-1 infects nematodes

Genomes =11 kb in length
NYMYV 3’ end protruding

no evidence of a slippery sequence in NYMV, MIDWV,
or SbCNV-1 P genes

NYMYV replication in the nucleus
NYMYV and MIDWV: two matrix proteins

One envelope protein

NYMYV and MIDWYV particles spherical and = 130 nm in diameter
NYMYV and MIDWYV infect ticks; SDPCNV-1 infects nematodes
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Virus (abbreviation)

Species

(vernacular name)

Genus

(vernacular name(s))

Family

Table 3 Proposed virus taxonomy
(vernacular name(s))

Order

@ Springer

Mononegavirales

(mononegaviruses or mononegavirads)

Nyamiviridae

(nyamiviruses or nyamivirids)

Nyavirus

(nyaviruses)

Nyamanini nyavirus

Nyamanini virus (NYMV)

Midway nyavirus

Midway virus (MIDWYV)

Soybean cyst nematode virus

Unassigned

soybean cyst nematode virus 1 (SbCNV-1)

n. pl.: nyamiviruses or, more specific, nyamivirids. Sug-
gested  pronunciation:[,namr’varrasiz]/[ n'amr’vi:ridz]
(IPA); nyah-mi-vahy-ruhs-iz/nyah-mi-vee-ridz (English
phonetic notation)

adj.: nyamivirus/nyamiviral/nyamivirid. Suggested pro-
nunciation: [,namr’varrss]/[ n'amr’varral]/[ n'amr’vi:rid]
(IPA); nyah-mi-vahy-ruhs/nyah-mi-vahy-ruhl/nyah-mi-
vee-rid (English phonetic notation)

— Style: lower case, not italicized, zero article

— Abbreviation: none

Family members share the properties of mononegavi-

ruses [19] and are further characterized by:

— infecting members of the superphylum Ecdysozoa
(in particular arthropods and nematodes) and pos-
sibly fungi, cnidarians, and plants, with possible
transmission to their hosts (in particular land birds
or seabirds in the case of tick-borne viruses)

— replicating in the nucleus (similar to bornaviruses
and nucleorhabdoviruses, but in contrast to para-
myxoviruses, filoviruses, and all other rhabd-
oviruses)

— having medium-length (=11 kb) genomes

— having genomes that are monophosphorylated at the
5" end and that have protruding 3’ termini (similar to
bornaviruses, but in contrast to filoviruses, para-
myxoviruses, and rhabdoviruses)

— having genomes with characteristic transcription
initiation and termination signals that are not found
in genomes of other mononegaviruses

— having a lack of dependence on gene splicing for
synthesis of replicating progeny

— having a genomic RNA that encodes 5-6 structural
proteins in the order 3'-UTR-N-(VP2)-P-M-G-L-5'-
UTR, one of which (VP2) is unique to family
members and may correspond to X of bornaviruses
and VP24 of filoviruses

— having an RNA-dependent RNA polymerase,
whose core domain sequence separates them clearly
from other mononegaviruses

— maturing by envelopment of independently assem-
bled nucleocapsids at membrane sites containing
inserted virus proteins; budding occurs predomi-
nantly from the plasma membrane; the virion
envelope is derived from the host-cell membrane
and is considered to have a lipid composition
similar to that of the plasma membrane

— forming spherical virions

— forming virions that are ~100-130 nm in diameter

Suggested type genus: Nyavirus (the ICTV currently
does not endorse the status of type genus)
Included genera: genus Nyavirus (tentative, see below)
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Description of Nyavirus gen. nov. Mihindukulasuriya
et al., 2009 [42] (tentative) Etymology of Nyavirus: sigil
of the first three letters of geo. Nyamanini Pan (place of
isolation of Nyamanini virus in South Africa); and -virus —
ending denoting a virus genus [65] Neo-Lat. n. neut. sg.
Nyavirus — the genus of nyaviruses.

— Valid taxon name (fulfills ICVCN Article 3 Rule I1-3.8):
yes, because name is compliant with ICVCN Article 3
Rules, in particular Rules IV-3.26,1V-3.27,1V-3.28, and
IX-3.39 [33]; because it has been published [42]; and
because it is associated with descriptive material

— Accepted name (fulfills ICVCN Article 3 Rule II-3.8):
no, because this name has yet to go through the ICTV
approval process

— Use of the taxon:

— Style: capitalized, italicized, zero article

— Suggested pronunciation: [ n'a’varres] (IPA); nyah-
vahy-ruhs (English phonetic notation)

— Abbreviation: none

— Use of taxon vernaculars:

— n. sg.: nyavirus (-virus: ending denoting a physical
member of a virus genus [62]). Suggested pronunci-
ation: [ n'a’vamoes] (IPA); nyah-vahy-ruhs (English
phonetic notation)

— n.pl. nyaviruses. Suggested pronunciation: [Iniq’VaI-
rosiz] (IPA); nyah-vahy-ruhs-iz (English phonetic
notation)

— adj.: nyavirus/nyaviral. Suggested pronunciation:
[ na’varras]/[ n'a’vamal] (IPA); nyah-vahy-ruhs/
nyah-vahy-ruhl (English phonetic notation)

— Style: lower case, not italicized, one word, zero article

— Abbreviation: none

— Genus members are characterized by having the
properties of nyamiviruses (because there is currently
only one nyamivirus genus)

— Type species: Nyamanini nyavirus (tentative, see below)

— Included species: species Nyamanini nyavirus (tentative,
see below), Midway nyavirus (tentative, see below)

Description of Nyamanini nyavirus sp. nov. Kuhn et
al., 2013 (tentative) Etymology of Nyamanini nyavirus:
derived from geo. Nyamanini Pan (place of isolation of
Nyamanini virus in South Africa) — the Nyamanini spe-
cies of nyamiviruses.

e Valid taxon name (fulfills ICVCN Article 3 Rule II-
3.8): yes, because name is compliant with ICVCN
Article 3 Rules, in particular Rule IX-3.40 [33];
because it has been published [this article]; and because
it is associated with descriptive material

e Accepted name (fulfills ICVCN Article 3 Rule II-3.8):
no, because this name has yet to go through the ICTV
approval process

e Use of the taxon:
— Style: capitalized, italicized, zero article
— Suggested pronunciation: [ na’manmi na’varmas]
(IPA); nyah-mah-ni-ni nyah-vahy-ruhs (English pho-
netic notation)
— Abbreviation: none

e Use of taxon vernaculars:

— n. sg.: Nyamanini nyavirus. Suggested pronuncia-
tion: [ Wa’manmi n'a’vamras] (IPA); nyah-mah-ni-
ni nyah-vahy-ruhs (English phonetic notation)

— n. pl. Nyamanini nyaviruses. Suggested pronunci-
ation: [ n'a’'manmi n'a’varssiz] (IPA); nyah-mah-
ni-ni nyah-vahy-ruhs-iz (English phonetic notation)

— adj.: Nyamanini nyavirus/Nyamanini nyaviral. Sug-
gested pronunciation: [.nja’manml ,nia’valrss]/
[ na’manmr n'a’varral] (IPA); nyah-mah-ni-ninyah-
vahy-ruhs/nyah-mah-ni-ni nyah-vahy-ruhl (English
phonetic notation)

— Style: lower case, not italicized, one word, zero article

— Abbreviation: none

— Species members are characterized by having the
properties of nyaviruses; having a full-length
genomic sequence different from the type virus of
the type species of the genus Nyavirus (Nyamanini
virus) by <30 %; and infecting soft ticks and/or
land birds

Suggested type virus: Nyamanini virus (NYMV)
Species members: Nyamanini virus (NYMV)

Description of Midway nyavirus sp. nov. Kuhn ef al.,
2013 (tentative) Etymology of Midway nyavirus: derived
from geo. Midway Atoll (place of isolation of Midway
virus in the USA); and Nyavirus — the genus of nyaviruses
— the Midway species of nyaviruses.

e Valid taxon name (fulfills ICVCN Article 3 Rule II-
3.8): yes, because name is compliant with ICVCN
Article 3 Rules, in particular Rule I1X-3.40 [33];
because it has been published [this article]; and because
it is associated with descriptive material

e Accepted name (fulfills ICVCN Article 3 Rule II-3.8):
no, because this name has yet to go through the ICTV
approval process

e Use of the taxon:

— Style: capitalized, italicized, zero article

— Suggested pronunciation: [ 'mid wer n'a’varas] (IPA);
mid-wey nyah-vahy-ruhs (English phonetic notation)

— Abbreviation: none

e Use of taxon vernaculars:
— n. sg.: Midway nyavirus. Suggested pronunciation:
['mid wer n'a’vamras] (IPA); mid-wey nyah-vahy-
ruhs (English phonetic notation)

@ Springer



2220

J. H. Kuhn et al.

— n. pl. Midway nyaviruses. Suggested pronunciation:
['mid wer n'a’varrasiz] (IPA); mid-wey nyah-vahy-
ruhs-iz (English phonetic notation)

— adj.: Midway nyavirus/Midway nyaviral. Suggested
pronunciation: ['mid wer | n'a’varras]/['mid, wer
n'a’varral] (IPA); mid-wey nyah-vahy-ruhs/mid-
wey nyah-vahy-ruhl (English phonetic notation)

— Style: lower case, not italicized, one word, zero
article

— Abbreviation: none

— Species members are characterized by having the
properties of nyaviruses; having a full-length
genomic sequence different from the type virus of
the type species of the genus Nyavirus (Nyamanini
virus) by >30 % and that of Midway virus <30 %;
and infecting soft ticks and seabirds

e Suggested type virus: Midway virus (MIDWYV)
e Species members: Midway virus (MIDWYV)

Description of Soybean cyst nematode virus sp. nov.
Kuhn ef al., 2013 (tentative) Etymology of Soybean cyst
nematode virus: derived from the host of the virus (the
soybean cyst nematode (Heterodera glycines)) — the
soybean cyst nematode species of nyamiviruses.

e Valid taxon name (fulfills ICVCN Article 3 Rule II-
3.8): yes, because name is compliant with ICVCN
Article 3 Rules, in particular Rule IX-3.40 [33];
because it has been published [this article]; and because
it is associated with descriptive material

e Accepted name (fulfills ICVCN Article 3 Rule 1I-3.8):
no, because this name has yet to go through the ICTV
approval process

e Use of the taxon:

— Style: capitalized, italicized, zero article

— Suggested pronunciation: ['sor bin sist ‘nemo toud
‘varas] (IPA); soi-been sist nem-uh-tohd vahy-ruhs
(English phonetic notation)

— Abbreviation: none

e Use of taxon vernaculars:

— n. sg.:. soybean cyst nematode virus. Suggested
pronunciation: ['sor,bin sist ‘nemo tovd ‘varross]
(IPA); soi-been sist nem-uh-tohd vahy-ruhs (Eng-
lish phonetic notation)

— n. pl. soybean cyst nematode viruses. Suggested
pronunciation: ['so1,bin sist 'nems toud varrssiz]
(IPA); soi-been sist nem-uh-tohd vahy-ruhs-iz (Eng-
lish phonetic notation)

— adj.: soybean cyst nematode virus/soybean cyst
nematode viral. Suggested pronunciation: [ 'so1, bin
sist ‘'memo toud 'varras]/['sor bin sist 'nemo toud
‘'varal] (IPA); soi-been sist nem-ui-tohd vahy-
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ruhs/soi-been sist nem-uh-tohd vahy-ruhl (English
phonetic notation)

— Style: lower case, not italicized, one word, zero
article

— Abbreviation: none

e Species members are characterized by having the
properties of nyamiviruses; having a full-length geno-
mic sequence different from the type virus of the type
species of the genus Nyavirus (Nyamanini virus) by
>30 % and that of soybean cyst nematode virus 1
<30 %, and infecting nematodes

e Suggested type virus: soybean cyst nematode virus 1
(SbCNV-1)

e Species members: soybean cyst nematode virus 1
(SbCNV-1)

Description of Nyamanini virus vir. McIntosh, 1960
(as described in [57]) Etymology of Nyamanini virus:
derived from geo. Nyamanini Pan (place of isolation of
Nyamanini virus in South Africa (the word is probably
derived from from Zulu *inyamanini (place where there is
little meat) and is composed of <inyama (meat) + -ani-
(diminutive suffix) + -ini- (locative suffix)); and Lat. n.
neut. sg. virus — poison, slime, venom.

e Use of the name:
— Style: first word capitalized (because proper noun),
not italicized, all types of articles
— Suggested pronunciation: [Inia’manInI ‘varras]
(IPA); nyah-mah-ni-ni vahy-ruhs (English phonetic
notation)
— Abbreviation: NYMV

e Virus variants are characterized by having the proper-
ties of Nyamanini nyaviruses plus:
— diverging in genomic nucleotide sequence from the
type variant of the type virus of the species
Nyamanini nyavirus (Wat-tick39) by <10 %

e Suggested type variant: Wat-tick39

Description of Midway virus vir. Yunker, 1975 [68]
Etymology of Midway virus: derived from geo. Midway
Atoll (place of isolation of Midway virus in the USA); and
Lat. n. neut. sg. virus — poison, slime, venom.

e Use of the name:
— Style: first word capitalized (because proper noun),
not italicized, all types of articles
— Suggested pronunciation: ['mid , wer ‘vamras] (IPA);
mid-wey vahy-ruhs (English phonetic notation)
— Abbreviation: MIDWV

e Virus variants are characterized by having the proper-
ties of Midway nyaviruses plus:
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— diverging in genomic nucleotide sequence from the
type variant of the type virus of the species Midway
nyavirus (Mid-RMLA47153) by <10 %

o Suggested type variant: Mid-RML47153

Description of soybean cyst nematode virus 1 vir.
Bekal et al., 2011 [3] emend. Kuhn et al., 2013 Etymol-
ogy of soybean cyst nematode virus 1: derived from the
host of the virus (the soybean cyst nematode); and Lat. n.
neut. sg. virus — poison, slime, venom.

e Use of the name:
— Style: lower case, not italicized, all types of articles
— Suggested pronunciation: ['sor,bin sist ‘nemo toud
‘varras] (IPA); soi-been sist nem-uh-tohd vahy-ruhs
(English phonetic notation)
— Abbreviation: SbCNV-1

e Virus variants are characterized by having the proper-
ties of soybean cyst nematode viruses 1 plus:
— diverging in genomic nucleotide sequence from the
type variant of the type virus of the species Soybean
cyst nematode virus (Urb-10) by <10 %

e Suggested type variant: Urb-10

Proposal for nomenclature below the species level

We propose to adapt the recently published nomenclature
scheme for filovirus [35] variants for nyamivirus variants.
Accordingly, nyamiviruses would be named < virus name
>/<isolation host-suffix >/<country of sampling>/
<year of sampling>/< genetic variant designation>-
<isolate designation>. Instructions on how to fill the
individual fields can be found in [35]. Furthermore, we
strongly suggest not using the word “strain” in context with
nyamiviruses for reasons also explained in detail in [35]. A
list of nyamivirus variants, named according to the scheme
presented in [35] can be found in Table 4.

Proposal for preliminary gene and protein designations

We propose to follow general mononegavirus gene and
protein nomenclature in regard to nyamiviruses. Accord-
ingly, ORF1 of NYMV, MIDWYV, and SbCNV-1 would be
part of the N gene, encoding the nucleoprotein (N). ORF3
of NYMV and MIDWYV and ORF2 of SbCNV-1 would be
part of the P gene and encode the phosphoprotein (P).
ORF4 of NYMV and MIDWV and ORF3 of SbCNV-1
would be part of the M gene and encode the major matrix
protein (M). ORF5 of NYMV and MIDWYV and ORF4 of
SbCNV-1 would be part of the G gene and encode the

glycoprotein (G). Finally, ORF6 of NYMV and MIDWV
and ORF5 of SbCNV-1 would be part of the L gene and
encode the RNA-dependent RNA polymerase (L). As the
expression product of ORF2 of NYMV and MIDWYV has to
be further characterized to assign function, we propose to
assign only provisional names to the ORF2 gene (“VP2”)
and the expressed protein (VP2).

Future prospects

The proposed family Nyamiviridae will most likely have to
be expanded in the future. For instance, in 1975 a virus,
provisionally called “BA-T” (bovine abortion — tick), was
isolated from ticks (Animalia: Arthropoda: Arachnida:
Ixodida: Argasidae: Ornithodoros coriaeous Koch, 1844)
collected in northern California during an outbreak of
bovine abortion due to bacterial infection. The recent
determination of BA-T’s full genomic sequence revealed
clear homology with NYMV and MIDWYV, although it
proved to be antigenically distinct, and although it pro-
duces larger virions (RBT unpublished). The discovery of
SbCNV-1 in the TN10 inbred line of the soybean cyst
nematode suggests that nematodes in general may carry
similar viruses. Indeed, a recent conference abstract sug-
gests that SbBCNV-1 is also present in North Carolina race 4
(NC4) of this nematode [51], and a nucleic acid fragment
very similar to SbCNV-1 was found in a sugar beet nem-
atode culture (Animalia: Nematoda: Chromadorea:
Tylenchida: Heteroderidae: Heterodera schachtii Schmidt,
1871) [3]. Likewise, the virome of ticks is under-studied,
and it hardly would be a surprise if NYMV- or MIDWV-
related viruses were discovered in various ticks or their
hosts.

Kondo et al., recently detected mononegavirus L-like
protein sequences (MLLSs) in the genome of the pea
powdery mildew fungus (Fungi: Ascomyctoa: Leotomy-
cetes: Erysiphales: Erysiphaceae: Erysiphe pisi DC., 1821),
as well as in transcriptome shotgun assembly (TSA)
libraries established from another fungus (Fungi: Asco-
mycota:  Ascomycetes:  Helotiales:  Sclerotiniaceae:
Sclerotina  homeocarpa Benn, 1937) (Fig. 1) [34].
Nyamivirus L-like protein sequences (NLLSs) were then
detected in the genomes of silkworms (Animalia:
Arthropoda: Insecta: Lepidoptera: Bombycidae: Bombyx
mori Linnaeus, 1758), black carpenter ants (Insecta:
Hymenoptera: Formicidae: Camponotus pennsylvanicus de
Geer, 1773), fire ants (Insecta: Hymenoptera: Formicidae:
Solenopsis invicta Buren, 1972), leafcutter bees (Insecta:
Hymenoptera: Megachilidae: Megachile (Eutricharaea)
rotundata Fabricius 1787) and lettuce (Plantae: Asterales:
Asteraceae: Lactuca sativa Linnaeus, 1753) (Fig. 1) [34]. A
nyamivirus L-like protein sequence (similarity to NYMV L
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Table 4 Proposed variant nomenclature

Virus (abbreviation) Isolate designations in the literature, including
synonyms

Proposed full-length variant designation
Proposed medium-length variant designation

Proposed abbreviation”

Nyamanini virus (NYMV)
Ar-1304[29]; Eg Ar 1304 [43]; EgAr 1304
[30, 55]; strain Ar-1304 [56, 57]; strain
Ar-1304 prototype [56]; strain EgAr 1304 [9];
topotype Eg Ar 1304 [59]

strain Ar-1156 [56, 57]

strain An-2252 [56, 57]

An 2526 [5, 58]; prototype SA An 2526 [59];

strain SAAn 2526 [30, 69]

4 unnamed isolates [27, 28]

14 unnamed isolates [27, 28]

isolants strain 2558-59 [29]; prototype field
isolants [29]; prototype isolants [29];
prototype strain 2558-59 [29]; Type 2558-59 [29]

75 unnamed isolants [29]

isolate tick 39 [42]; tick isolate 39 [23, GenBank];

unnamed isolate from sample HH20,374 [25]

11 unnamed isolates [31]

4 unnamed isolates [31]

unnamed isolate from sample HH21,363 [25]

Nyamanini virus A.arboreus-tc/EGY/1954/
Barrage-EgAr1304

NYMV/A.arb/EGY/54/Bar-EgAr1304
NYMV/Bar-EgAr1304

Nyamanini virus A.arboreus-tc/EGY/1954/
Barrage-EgAr1156

NYMV/A.arb/EGY/54/Bar-EgAr1156
NYMV/Bar-EgAr1156

Nyamanini virus B.ibis-tc/EGY/1954/
Barrage-EgAn2252

NYMV/B.ibi/EGY/54/Bar-EgAn2252
NYMYV/Bar-EgAn2252

Nyamanini virus B.ibis-tc/ZAF/1957/
Ndumu-SAAn2526

NYMV/B.ibi/ZAF/57/Ndu-SAAn2526

NYMV/Ndu-SAAn2526

Nyamanini virus B.ibis-tc/ZAF/1959-1960/Naboomspruit-
1-4

NYMV/B.ibi/ZAF/59-60/Nab-1-4

NYMV/Nab-1-4

Nyamanini virus A.arboreus-tc/ZAF/1959-1960/
Naboomspruit-5-18

NYMV/A.arb/ZAF/59-60/Nab-5-18

NYMV/Nab-5-18

Nyamanini virus A.arboreus-tc/EGY/1963/
Qalyub-2558-59

NYMV/A.arb/EGY/63/Qal-2558-59

NYMV/Qal-2558-59

Nyamanini virus A.arboreus-tc/EGY/1963-1964/Qalyub-1-
75

NYMV/A.arb/EGY/63-64/Qal-1-75
NYMV/Qal-1-75

Nyamanini virus A.robertsi-tc/THA/1967/
Wat Phai Lom-tick39

NYMV/A.rob/THA/67/Wat-tick39

NYMV/Wat-tick39

Nyamanini virus A.arboreus-tc/NGA/1970/
Dalori-1-11

NYMV/A.arb/NGA/70/Dal-1-11

NYMV/Dal-1-11

Nyamanini virus A.arboreus-tc/NGA/1970/
Gangaba-1-4

NYMV/A.arb/NGA/70/Gan-1-4

NYMV/Gan-1-4

Nyamanini virus A.robertsi-tc/LKA/1972/
Wilpattu-HH21363

NYMV/A .rob/LKA/72/Wil-HH21363
NYMV/Wil-HH21363
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Table 4 continued

Virus (abbreviation)

Isolate designations in the literature, including
synonyms

Proposed full-length variant designation
Proposed medium-length variant designation

Proposed abbreviation”

Midway virus (MIDWV)

soybean cyst nematode
virus 1 (SbCNV-1)

topotype 1 64434 [59]

topotype Nep Ar 89 [59]

strain Sand 1. (RML 47153) [55];
RML47153 [42, GenBank]

strain Kure (RML 47156) [55]

Hirota (Cap-15) [55]

Hirota (Cap-39) [55]

Hirota (Cap-40) [55]

Hirota (Cap-41) [55]

Hirota (Cap-43) [55]

Hirota (Cap-44) [55]

Manana (RML 63668) [55]

unnamed genetic variant [3, GenBank]

Nyamanini virus A.cinerea-tc/IND/XXX/India-164434
NYMV/A.cin/IND/XXX/Ind-164434

NYMV/Ind-164434

Nyamanini virus A.reflexus-tc/NPL/XXX/Nepal-NepAr89
NYMV/A ref/NPL/XXX/Nep-NepAr89
NYMV/Nep-NepAr89

Midway virus O.capensis-tc/USA/1966/Midway-
RML47153

MIDWV/O.cap/USA/66/Mid-RML47153
MIDWYV/Mid-RML47153

Midway virus O.capensis-tc/USA/1966/Kure-RML47156
MIDWV/O.cap/USA/66/Kur-RML47156

MIDW V/Kur-RML47156

Midway virus O.capensis-tc/JPN/1971/Hirota-Cap15
MIDWV/O.cap/JPN/71/Hirota-Cap15

MIDW V/Hirota-Cap15

Midway virus O.capensis-tc/JPN/1972/Hirota-Cap39
MIDW V/O.cap/JPN/72/Hirota-Cap39

MIDW V/Hirota-Cap39

Midway virus O.capensis-tc/JPN/1972/Hirota-Cap40
MIDWV/O.cap/JPN/72/Hirota-Cap40

MIDW V/Hirota-Cap40

Midway virus O.capensis-tc/JPN/1972/Hirota-Cap41
MIDWV/O.cap/JPN/72/Hirota-Cap41

MIDW V/Hirota-Cap41

Midway virus O.capensis-tc/JPN/1972/Hirota-Cap43
MIDW V/O.cap/JPN/72/Hirota-Cap43

MIDW V/Hirota-Cap43

Midway virus O.capensis-tc/JPN/1972/Hirota-Cap44
MIDWV/O.cap/JPN/72/Hirota-Cap44

MIDW V/Hirota-Cap44

Midway virus O.denmarki-tc/USA/1973/Manana-
RML63668

MIDWV/O.den/USA/73/Man-RML63668
MIDWYV/Man-RML63668

soybean cyst nematode virus 1 H.glycines-wt/USA/2010/
Urbana-10

SbCNV-1/H.gly/USA/10/Urb-10
SbCNV-1/Urb-10

XXX, data for field unknown

" At this point in time, it is unclear which of these variants is/are not available anymore, i.e., may have been lost or destroyed. Following the
nomenclature described in 35, “-tc” may have to be changed to “-hist” in the future
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28 %) was also detected in the pavement ant (Animalia:
Arthropoda: Insecta: Hymenoptera: Formicidae: Myrmici-
nae: caespitum Linnaeus, 1758) and
mentioned in a dissertation. The sequence of this virus was
elongated to a total of 12,095 nt, but has not yet been made
available for analysis [52]. Preliminary database searches
also led to the detection of several nyamivirus N(P)- and
G(P)-like protein sequences in genomic material associated
with hymenoptera (fire ants and leafcutter bees), soybean
cyst nematodes, pine wilt nematodes (Animalia: Nema-
toda: Secernentea: Aphelenchida: Parasitaphelenchidae:
Bursaphelenchus xylophilus Steiner & Buhrer, 1934),
northern root-knot nematodes (Animalia: Nematoda: Se-
cernentea: Heteroderidae: Meloidogyne hapla Chitwood,
1949), southern root-knot nematodes (Animalia: Nema-
toda: Secernentea: Heteroderidae: Meloidogyne incognita
Kofoid & White, 1919), nematodes that do not yet have a
vernacular name (Animalia: Nematoda: Secernentea:
Rhabditida: Caenorhabditis angaria Sudhaus et al., 2011),
and the warty comb jelly (Animalia: Ctenophora: Bolin-
opsidae: Mnemiopsis leidyi Agassiz, 1865) (HK and NS
unpublished results).

Importantly, we do not propose that any of these short
nucleic acid fragments should be taxonomically classified.
The determination of nearly complete genome sequences
and determination of the ecological niche in which these
genomes can be detected is the minimal set of data we
propose is necessary for taxonomic consideration. How-
ever, the detected NLLSs clearly suggest that nyamiviruses
may have a very wide host distribution and that many new
nyamiviruses may soon be discovered.
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