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Abstract

In recent years, the taxonomy of the families of Phenuiviridae, Nairoviridae, and
Peribunyavidae in Bunyavirales was updated frequently, because many novel viruses in these
families have been identified and the species demarcation criteria of these families have been
changed. As per these criteria and sequence analysis, we found that the taxonomy of 19
species in these families should be revised. We presented six proposals for optimizing virus
species taxonomy using the examples from these families. First, the species demarcation
criteria for the same family (e.g., Peribunyavidae) should be unified. Second, the methods
and parameters for the taxonomic calculation in the same order (e.g., Bunyavirales) should be
unified. Third, virus species taxonomy should be based on phylogenetic relationships, rather
than a cutoff value of sequence identities that is a self-contradictory demarcation criterion,
although sequence identities aid virus taxonomy greatly. Fourth, virus species taxonomy
should be based on the phylogenetic relationship of a key viral gene (e.g., the RdRp gene of
Bunyavirales), which is important for the taxonomy of virus recombinants or reassortants.
Fifth, a virus can be demarcated without a species before its biomedical significance has been
revealed. Sixth, names of all viruses and virus species should be constituted exclusively with
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common characters (English letters and Arab numbers), to minimize difficulty in spelling and
communication. These proposals are rational, flexible, and can accommodate all known
viruses. They can also bridge the taxonomy history and the future demands due to their

flexibility.
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1. Introduction

The family Bunyaviridae was upgraded by the International Committee on Taxonomy of
Viruses (ICTV) as the order Bunyavirales in 2017." Many species in Bunyavirales, such as
Hantaan orthohantavirus, Lassa mammarenavirus, Rift Valley fever phlebovirus, and Rice
stripe tenuivirus contain important pathogenic viruses of humans, domestic animals, or
crops.”” They have great significance in public health, veterinary medicine, food production,
and biodiversity conservation.

Currently, Bunyavirales accommodates 12 families: Arenaviridae, Cruliviridae,
Fimoviridae, Hantaviridae, Leishbuviridae, Mypoviridae, Nairoviridae, Peribunyaviridae,
Phasmaviridae, Phenuiviridae, Tospoviridae, and Wepedeviridae.

In recent years, the taxonomy of the genera and species in the families of Phenuiviridae,
Nairoviridae, and Peribunyavidae in Bunyavirales was updated frequently, because many
novel viruses in these families have been identified and the species demarcation criteria of
these families have been changed. °** As per these criteria and sequence analysis, we found
that the taxonomy of 19 species in these families should be revised.

We found some problems about the species taxonomy of viruses through this work. We
presented the relevant proposals for optimizing virus species taxonomy using the examples

from the above three families.
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2. Materials and methods

2.1 Abbreviations

To simplify relevant expressions, the Razdan virus strain LEIV-Arm2741 corresponding
to the GenBank accession number NC022630 in the species Razdan bandavirus was
abbreviated as Razdan virus (NC022630), Razdan virus (NC022630, Razdan bandavirus), or
Razdan bandavirus (NC022630), as appropriate. Other viruses in this report were abbreviated
in the same way. “As per Table N and Figure M” in this report meant “as per their sequence
identities in the amino acid sequences of the viral RdRp protein shown in Table N and

phylogenetic relationships shown in Figure M”.

2.2 Taxonomy information

The current taxonomy information of the viruses in Nairoviridae listed in Section
3.1-3.2 was from an ICTV report;® the current taxonomy information of the viruses in
Peribunyaviridae listed in Section 3.3-3.17 was from another ICTV report;’ and the current
taxonomy information of the viruses in Phenuiviridae listed in Section 3.18—3.19 was from
the menu of “Taxonomy” in the ICTV website.® The species demarcation criteria of some
genera and families currently employed by ICTV were from the ICTV reports or proposals,

and they were summarized in Table 1.

2.3 Sequence alignment and sequence identity calculation

Sequences were downloaded from GenBank and aligned with the software tools Clustal
W using the default settings, as the same as the ICTV report for the family Peribunyaviridae.’
Sequence identities were calculated using the software tool Mega (version X) and the aligned

sequences.’

2.4 Phylogenetic relationship calculation

Phylogenetic relationships were calculated using the software tool Mega (version X)
using the neighbor-joining method and the Jones-Taylor-Thornton model, as the same as the
ICTV report for the family Peribunyaviridae.” Bootstrap values were calculated with 1000

replicates.
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Table 1. Species demarcation criteria in some genera or families of Bunyavirales.

Taxa Species demarcation criterion

Nairoviridae Viruses with <93% identity in the amino acid sequence of the RdRp
protein represent a species.™*

Pacuvirus, Viruses with <90% identity

Peribunyaviridae 0.1 when using the WAG substitution model on concatenated amino
acid sequences of all three segments represent a species.’

Herbevirus, Viruses with < 90% identity in the amino acid sequence for the

Peribunyaviridae approximately 1 kb sequence fragment containing the core
polymerase domain (premotif A to motif E) of the third conserved
region of the RARp protein represent a species.’

Orthobunyavirus, Viruses with <96% identity in the complete amino acid sequence of

Peribunyaviridae the RdRp protein represent a species; the species Acara
orthobunyavirus, Anopheles B orthobunyavirus, Bakau
orthobunyavirus, Batama orthobunyavirus, Bertioga orthobunyavirus,
Minatitlan orthobunyavirus, M Poko orthobunyavirus, Olifantsvlei
orthobunyavirus, Turlock orthobunyavirus were established according
to previous demarcation criteria.’

Phenuiviridae For Entovirus, Lentinuvirus, Rubodvirus, Ixovirus, Coguvirus,
Bandavirus, and Uukuvirus in Phenuiviridae, viruses with <95%

identity in the amino acid sequence of the RdRp represent a species.*

3. Results

3.1 Hughes orthonairovirus in Nairoviridae.

Hughes orthonairovirus contains multiple strains, including Caspiy virus (KP792708),
Great Saltee virus (KU925467), Raza virus (KU925479), and Hughes virus (KU925470).
These strains should be classified into two species, as per Table 1 and Figure 1. These two
species were tentatively marked as Hughes orthonairovirus A and B in Table 1: one contains
Caspiy virus (KP792708) and Great Saltee virus (KU925467); the other contains Raza virus
(KU925479), and Hughes virus (KU925470). The identities in the amino acid sequences of

the RARp protein between these two species were 67.4—67.8% (Table 2), much lower than
4
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the species demarcation criterion (93%) of Nairoviridae (Table 1).

3.2 Abu Hammd orthonairovirus and Tunis orthonairovirus in Nairoviridae.

Abt Hammad virus (KU925434, Abii Hammad orthonairovirus) and Tunis virus
(NC040770, Tunis orthonairovirus) should be classified into the same species, as per Table 1
and Figure 1. The identities in the amino acid sequences of the RARp protein between these
viruses were 93.2% (Table 2), higher than the species demarcation criterion (93%) of
Nairoviridae (Tablel).

3.3 Alajuela orthobunyavirus and Gamboa orthobunyavirus in Peribunyaviridae.

Alajuela virus (KM272186, Alajuela_orthobunyavirus) should be classified into
Gamboa orthobunyavirus with Gamboa orthobunyavirus (KM272174) and Gamboa
orthobunyavirus (KX900438), as per Table 3 and Figure 2. The identities in the amino acid
sequences of the RdRp protein between these viruses were 99.8% (Table 3), higher than the
species demarcation criterion (96%) of Peribunyaviridae (Tablel).

If strictly according to the species demarcation criterion, Gamboa orthobunyavirus
(KX900438) and Gamboa orthobunyavirus (KM272183) should be classified into two
species. The identities in the amino acid sequences of the RARp protein between these viruses
were 93.1-95.5% (Table 3), lower than the species demarcation criterion (96%) of
Peribunyaviridae (Tablel).

3.4 Bunyamwera orthobunyavirus in Peribunyaviridae.

Bunyamwera orthobunyavirus contains multiple strains, including Northway virus
(MH484312), Santa Rosa virus (MH484324), Lokern virus (MG828823), Shokwe virus
(MH484330), Ngari virus (KC608152), and Bunyamwera virus (X14383). These strains
should be classified into four species, as per Table 3 and Figure 2, tentatively marked as
Bunyamwera orthobunyavirus A-D in Table 3. Bunyamwera orthobunyavirus A contains
Northway virus (MH484312); Bunyamwera orthobunyavirus B contains Lokern virus
(MG828823) and Santa Rosa virus(MH484324); Bunyamwera orthobunyavirus C contains
Shokwe virus (MH484330); Bunyamwera orthobunyavirus D contains Ngari virus
(KC608152) and Bunyamwera virus (X14383); The identities in the amino acid sequences of

RdRp protein between four species were 82.0-91.2% (Table 3), much lower than the species
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demarcation criterion (96%) of Perbunyaviridae (Table 1).

3.5 Bunyamwera orthobunyavirus and Main Drain orthobunyavirus in
Peribunyaviridae.

Main Drain orthobunyavirus (MH484306) should be classified into the species
corresponding to Bunyamwera orthobunyavirus (MH484324) and Bunyamwera
orthobunyavirus (MG828823), as per Table 3 and Figure 2. The identities in the amino acid
sequences of the RARp protein between these viruses were 98.8—99.1% (Table 3), higher than
the species demarcation criterion (96%) of Perbunyaviridae (Tablel).

3.6 Tete orthobunyavirus and Matruh orthobunyavirus in Peribunyaviridae.

Bahig virus (KP792654, Tete orthobunyavirus) and Matruh virus (KP792693, Matruh
orthobunyavirus) should be classified into the same species, as per Table 3 and Figure 2. The
identities in the amino acid sequences of the RdRp protein between these viruses were 99.1%
(Table 3), higher than the species demarcation criterion (96%) of Perbunyaviridae (Tablel).

3.7 Aino orthobunyavirus and Shuni orthobunyavirus in Peribunyaviridae

Aino virus (HE795087, Aino orthobunyavirus) should be classified into Shuni
orthobunyavirus with Kaikalur virus (MH484297, Shuni orthonairovirus), as per Table 3 and
Figure 2. The identities in the amino acid sequences of the RdRp protein between these
viruses were 98.6% (Table 3), higher than the species demarcation criterion (96%) of
Peribunyaviridae (Tablel).

If strictly according to the species demarcation criterion, Shuni orthonairovirus
(KF153118) should be classified into a novel species distinct from the species covering Aino
virus (HE795087) and Shuni orthonairovirus (MH484297). The identities in the amino acid
sequences of the RARp protein between these viruses were 93.1-95.5% (Table 3), lower than
the species demarcation criterion (96%) of Peribunyaviridae (Tablel).

3.8 Bakau orthobunyavirus in Peribunyaviridae

Bakau orthobunyavirus contains multiple strains, including Nola virus (MK896512),
Telok Forest virus (MK896453), Bakau virus (MK896635), and Ketapang virus (MK896548).
These strains should be classified into four species, as per Table 3 and Figure 2. These four

species were tentatively marked as Bakau orthobunyavirus A-D in Table 3. Bakau
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orthobunyavirus A contains Nola virus (MK896512); Bakau orthobunyavirus B contains

Telok Forest virus (MK896453); Bakau orthobunyavirus C contains Bakau virus

(MK896635); Bakau orthobunyavirus D contains Ketapang virus (MK896548); The

identities in the amino acid sequences of RdRp protein between four species were 76.9— 92.4%
(Table 3), much lower than the species demarcation criterion (96%) of Perbunyaviridae

(Table 1).

3.9 Maguari orthobunyavirus and Cache Valley orthobunyavirus in Peribunyaviridae

Playas virus (KX100123, Maguari orthobunyavirus) should be classified into the
species corresponding to Cache Valley virus (KX100135, Cache Valley orthobunyavirus) and
Tlacotalpan virus (KX100120, Cache Valley orthobunyavirus), as per Table 3 and Figure 2.
The identities in the amino acid sequences of the RdRp protein between these viruses were
99.2-99.8% (Table 3), higher than the species demarcation criterion (96%) of
Perbunyaviridae (Tablel).

3.10 Patois orthobunyavirus and Abras orthobunyavirus in Peribunyaviridae.

Babahoya virus (MHO017276, Patois orthobunyavirus) should be classified into Abras
orthobunyavirus with Abras virus (MH017275, Abras orthobunyavirus), as per Table 3 and
Figure 2. The identities in the amino acid sequences of the RdRp protein between these
viruses were 99.2% (Table 3), higher than the species demarcation criterion (96%) of
Peribunyaviridae (Tablel).

If strictly according to the species demarcation criterion, Babahoya virus (MH017276,
Patois orthobunyavirus) and Patois virus (MH017277, Patois orthobunyavirus) should be
classified into two species. The identities in the amino acid sequences of the RdRp protein
between these viruses were 85.0% (Table 3), lower than the species demarcation criterion
(96%) of Peribunyaviridae (Tablel).

3.11 Oriboca orthobunyavirus and Marituba orthobunyavirus in Peribunyaviridae.

Oriboca virus (KF254773, Oriboca orthobunyavirus) should be classified into the
species corresponding to MurutucQvirus (MG029284, Marituba orthobunyavirus) and
Restan virus (KM280932, Marituba orthobunyavirus), as per Table 3 and Figure 2. The

identities in the amino acid sequences of the RdRp protein between these viruses were
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97.2-99.6% (Table 3), higher than the species demarcation criterion (96%) of
Perbunyaviridae (Tablel).

3.12 Bushbush orthobunyavirus in Peribunyaviridae.

Bushbush orthobunyavirus contains multiple strains, including Bushbush virus
(MK896599), Benfica virus (MK896617) and Juan D &z virus (MK896554). These strains
should be classified into three species, as per Table 3 and Figure 2. These three species were
tentatively marked as Bushbush orthobunyavirus A—C in Table 3. Bushbush orthobunyavirus
A contains Bushbush virus (MK896599); Bushbush orthobunyavirus B contains Benfica virus
(MK896617); Bushbush orthobunyavirus C contains Juan D Bz virus (MK896554). The
identities in the amino acid sequences of RARp protein between three species were 76.1— 92.1%
(Table 3), much lower than the species demarcation criterion (96%) of Perbunyaviridae
(Table 1).

3.13 Acara orthobunyavirus and Bushbush orthobunyavirus in Peribunyaviridae.

Moriche Virus (MK896521, Acara orthobunyavirus) and Bushbush virus (MK896599,
Bushbush orthobunyavirus) should be classified into the same species, as per Table 3 and
Figure 2. The identities in the amino acid sequences of the RARp protein between these
viruses were 98.2% (Table 3), higher than the species demarcation criterion (96%) of
Perbunyaviridae (Tablel).

3.14 Acara orthobunyavirus and Benevides orthobunyavirus in Peribunyaviridae.

Acaravirus (MK896653, Acara orthobunyavirus) and Benevides virus (MK896620,
Benevides orthobunyavirus) should be classified into the same species, as per Table 3 and
Figure 2. The identities in the amino acid sequences of the RdRp protein between these
viruses were 99.5% (Table 3), higher than the species demarcation criterion (96%) of
Perbunyaviridae (Tablel).

3.15 Marituba orthobunyavirus in Peribunyaviridae.

Marituba orthobunyavirus contains multiple strains, including MurutucQvirus
(MG029284), Restan virus (KM280932), Marituba virus (KF254770), Gumbo Limbo virus
(KM280930) and Nepuyo virus (MG029287). These strains should be classified into four

species, as per Table 3 and Figure 2. These four species were tentatively marked as Marituba
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orthobunyavirus A-D in Table 3. Marituba orthobunyavirus A contains Murutucdivirus
(MG029284) and Restan virus (KM280932); Marituba orthobunyavirus B contains Marituba
virus (KF254770); Marituba orthobunyavirus C contains Gumbo Limbo virus (KM280930);
Marituba orthobunyavirus D contains Nepuyo virus (MG029287). The identities in the amino
acid sequences of RdRp protein between four species were 78.4— 91.3% (Table 3), much
lower than the species demarcation criterion (96%) of Perbunyaviridae (Table 1).

3.16 Bimiti orthobunyavirus and Guama orthobunyaviru in Peribunyaviridae.

The two species corresponding to bimiti virus (KP792657, Bimiti orthobunyavirus) and
Guamavirus (KP792666, Guama orthobunyaviru) should be classified into the same species,
as per Table 3 and Figure 2. The identities in the amino acid sequences of the RdRp protein
between these viruses were 98.0% (Table 3), which is higher than the species demarcation
criterion (96%) of Perbunyaviridae (Tablel).

3.17 Catu orthobunyavirus and Moju orthobunyavirus in Peribunyaviridae.

The two species corresponding to Catu virus (KP792660, Catu orthobunyavirus) and
Moju virus (KP792675, Moju orthobunyavirus) should be classified into the same species, as
per Table 3 and Figure 2. The identities in the amino acid sequences of RdRp protein
between four species were 96.2% (Table 3), which are much higher than the species
demarcation criterion (96%) of Perbunyaviridae (Table 1).

3.18 Razdan bandavirus and Bhanja bandavirus in Phenuiviridae.

Razdan bandavirus (NC022630) should be classified into Bhanja bandavirus, as per the
sequence identity (97.9%) between Razdan bandavirus (NC022630) and Bhanja bandavirus
(X961622), which was higher than the species demarcation criterion (95%) of Bandavirus
(Table 1). Moreover, the phylogenetic relationships of this family also demonstrated that
Razdan bandavirus (NC022630) was in the same branch with viruses in Bhanja bandavirus
(X961622) (Figure 3).

3.19 Frijoles phlebovirus in Phenuiviridae.

Frijoles phlebovirus (MK330765) and Frijoles phlebovirus (KX611391) should be
classified into two species, as per their identity in the viral RdRp gene amino acid sequence

(77.0%) which was higher than the species demarcation criterion (95%) of Phlebovirus
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(Table 1). Moreover, the phylogenetic relationships of this family also demonstrated that
Frijoles phlebovirus (KX611391) was closer to the species Mona Grita phlebovirus than to

Frijoles phlebovirus (MK330765) (Figure 3).
3. Discussion

The taxonomic errors shown in Sections 3.1-3.19 also existed in the taxonomy report of
Negarnaviricota.” Besides these errors, there were some writing errors in the ICTV report on
Nairoviridae. For instance, Taggert virus (KU925491) was incorrectly assigned to Sakhalin
orthonairovirus, Bandia virus (KU925446) incorrectly to Qalyub orthonairovirus, Zirga virus
(KU925500) incorrectly to Hughes orthonairovirus, and Sapphire Il virus (KU925485)
incorrectly to Dera Ghazi Khan orthonairovirus.® Additionally, Toscana phlebovirus
(NC006319) and Leticia phlebovirus (HM566167) were incorrectly assigned to the species of
Naples phlebovirus in the GenBank (Figure 3), possibly by the relevant sequence submitters.

All the above suggestions on species taxonomy revision were based on sequence
alignment using Clustal X and phylogenetic relationships calculated using the
neighbor-joining method and the Jones-Taylor-Thornton model. We found that these
suggestions keep valid if the relevant sequences were aligned with the software tools Clustal
W, Muscle, or MAFFT, or the relevant phylogenetic relationships were calculated with the
maximum likelihood or the minimum evolution method, or the amino acid substitution were
set in the Poisson or Dayhoff model.

Table 1 demonstrated that the species demarcation criteria for viruses in Bunyavirales
were miscellaneous and distinct among families and genera. Moreover, for the genus
Orthobunyavirus in Peribunyaviridae, the new species demarcation criterion and the old
species demarcation criterion were employed together. Additionally, the methods and
parameters for the current calculation of sequence identities and phylogenetic relationships
were different for different families in Bunyavirales,®’ which adds difficulty in the taxonomy
of new viruses in Bunyavirales.

The current demarcation of many viruses in Bunyavirales is based on sequence identities.
This strategy is rigescent with limited flexibility. For instance, if the demarcation criterion is
<96.0% sequence identify, two strains with 95.9% should be classified into two species, and

10
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two strains with 96.1% should be classified into the same species, which is usually not
rational. Moreover, this demarcation strategy is self-contradictory. For instance, if the
demarcation criterion is <96.0% sequence identify, the identity between virus A and virus B is
96.2%, the identity between virus B and virus C is 96.5%, and the identity between virus A
and virus C is 94.3%, then as per the demarcation criterion, it is self-contradictory to classify
these three viruses into one or two species.

The current names of some viruses and species in Bunyavirales contain non-English
letters (e.g., Abtt Hammad virus, Shayang spider virus 1). This adds much difficulty with
limited benefits for correctly writing these names.

With the above considerations, we presented six proposals for virus taxonomy. First, the
species demarcation criteria for the same family (e.g., Peribunyaviridae) should be unified.
Second, the methods and parameters for the Taxonomic calculation (i.e., calculation of
sequence identities or phylogenetic relationships) in the same order (e.g., Bunyavirales)
should be unified. Third, virus species taxonomy should be based on the phylogenetic
relationship, rather than a rigescent cutoff value of sequence identities that is a
self-contradictory criterion, although sequence identities have aided virus taxonomy greatly
and can continue to aid virus taxonomy in a flexible way. Fourth, virus species taxonomy
should be based on the phylogenetic relationship of a key viral gene (e.g., Citrus cogusvirus
was classified into Phenuiviridae based on its RdRp gene sequence, although this species
clustered with the genus Ophiovirus in Aspiviridae, as per its M genomic segment
sequence).’® This is important for the taxonomy of virus recombinants or reassortants. Fifth, a
virus can be demarcated without a species before its biomedical significance has been
revealed, and those viruses can be demarcated with a genus. This rule can reduce greatly the
difficulty in virus taxonomy. Sixth, names of all viruses and species should be constituted
exclusively with common characters (English letters and Arab numbers), to minimize
difficulty in spelling and communication. These proposals are rational, flexible, and can
accommodate all known viruses. They can also bridge the taxonomy history and the future

demands due to their flexibility.
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Table 2. Identities between two certain nairoviruses in their RARp gene amino acid sequences.

The first nairovirus The second nairovirus Identity
Caspiy virus (KP792708, Hughes orthobunyaviru A) Great Saltee virus (KU925467, Hughes orthobunyavirus A)  94.6%
Caspiy virus (KP792708, Hughes orthobunyaviru A) Raza virus (KU925479, Hughes orthobunyavirus B) 67.4%
Caspiy virus (KP792708, Hughes orthobunyaviru A) Hughes virus (KU925470, Hughes orthobunyavirus B) 67.5%
Great Saltee virus (KU925467, Hughes orthobunyaviru A) Raza virus (KU925479, Hughes orthobunyavirus B) 67.8%
Great Saltee virus (KU925467, Hughes orthobunyaviru A) Hughes virus (KU925470, Hughes orthobunyavirus B) 68.1%
Raza virus (KU925479, Hughes orthobunyaviru B) Hughes virus (KU925470, Hughes orthobunyavirus B) 95.3%
Abu Hammad virus (KU925434, Abu Hammd orthonairovirus) Tunis virus (NC040770, Tunis orthonairovirus) 93.2%
Table 3. Identities between two certain peribunyaviruses in their RdRp gene amino acid sequences.
The first peribunyavirus The second peribunyavirus Identity
Alajuela virus (KM272186, Alajuela_orthobunyavirus) Gamboa virus (KM272174, Gamboa orthobunyavirus) 99.8%
Alajuela virus (KM272186, Alajuela_orthobunyavirus) Pueblo Viejo virus (KX900438, Gamboa orthobunyavirus) 95.5%
Alajuela virus (KM272186, Alajuela_orthobunyavirus) Calchaqu wvirus (KM272183, Gamboa orthobunyavirus) 93.6%
Pueblo Viejo virus (KX900438, Gamboa orthobunyavirus) Calchaqu tvirus (KM272183, Gamboa orthobunyavirus) 93.1%
Pueblo Viejo virus (KX900438, Gamboa orthobunyavirus) Gamboa virus (KM272174, Gamboa orthobunyavirus) 95.5%

Northway virus (MH484312, Bunyamwera orthobunyavirus A)  Santa Rosa virus (MH484324, Bunyamwera orthobunyavirus B)  87.0%

Northway virus (MH484312, Bunyamwera orthobunyavirus A)  Lokern virus (MG828823, Bunyamwera orthobunyavirus B)

12
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Northway virus (MH484312, Bunyamwera orthobunyavirus A)
Northway virus (MH484312, Bunyamwera orthobunyavirus A)
Northway virus (MH484312, Bunyamwera orthobunyavirus A)
Santa Rosa virus (MH484324, Bunyamwera orthobunyavirus B)
Santa Rosa virus (MH484324, Bunyamwera orthobunyavirus B)
Santa Rosa virus (MH484324, Bunyamwera orthobunyavirus B)
Santa Rosa virus (MH484324, Bunyamwera orthobunyavirus B)
Lokern virus (MG828823, Bunyamwera orthobunyavirus B)
Lokern virus (MG828823, Bunyamwera orthobunyavirus B)
Lokern virus (MG828823, Bunyamwera orthobunyavirus B)
Shokwe virus (MH484330, Bunyamwera orthobunyavirus C)
Shokwe virus (MH484330, Bunyamwera orthobunyavirus C)
Ngari virus (KC608152, Bunyamwera orthobunyavirus D)

Main Drain virus (MH484306, Main Drain orthobunyavirus)
Main Drain virus (MH484306, Main Drain orthobunyavirus)
Bahig virus (KP792654, Tete orthobunyavirus)

Aino virus (HE795087, Aino orthobunyavirus)

Aino virus (HE795087, Aino orthobunyavirus)

Kaikalur virus (MH484297, Shuni orthonairovirus)

do0i:10.20944/preprints202202.0117.v1

Shokwe virus (MH484330, Bunyamwera orthobunyavirus C)
Ngari virus (KC608152, Bunyamwera orthobunyavirus D)

Bunyamwera virus (X14383, Bunyamwera orthobunyavirus D)
Lokern virus (MG828823, Bunyamwera orthobunyavirus B)
Shokwe virus (MH484330, Bunyamwera orthobunyavirus C)
Ngari virus (KC608152, Bunyamwera orthobunyavirus D)
Bunyamwera virus (X14383, Bunyamwera orthobunyavirus D)
Shokwe virus (MH484330, Bunyamwera orthobunyavirus C)
Ngari virus (KC608152, Bunyamwera orthobunyavirus D)
Bunyamwera virus (X14383, Bunyamwera orthobunyavirus D)
Ngari virus (KC608152, Bunyamwera orthobunyavirus D)
Bunyamwera virus (X14383, Bunyamwera orthobunyavirus D)
Bunyamwera virus (X14383, Bunyamwera orthobunyavirus D)
Santa Rosa virus (MH484324, Bunyamwera orthobunyavirus B)
Lokern virus (MG828823, Bunyamwera orthobunyavirus B)
Matruh virus (KP792693, Matruh orthobunyavirus)

Kaikalur virus (MH484297, Shuni orthonairovirus)

Shuni virus (KF153118, Shuni orthonairovirus)

Shuni virus (KF153118, Shuni orthonairovirus)
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82.0%
82.2%
82.1%
98.7%
81.2%
81.2%
81.3%
81.1%
81.1%
81.2%
91.0%
91.2%
99.4%
98.8%
99.1%
99.1%
98.6%
95.2%
95.5%
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Nola virus (MK896512, Bakau_orthobunyavirus A) Telok Forest virus (MK896453, Bakau_orthobunyavirus B) 78.8%
Nola virus (MK896512, Bakau_orthobunyavirus A) Bakau virus (MK896635, Bakau_orthobunyavirus C) 76.9%
Nola virus (MK896512, Bakau_orthobunyavirus A) Ketapang virus (MK896548, Bakau_orthobunyavirus D) 77.1%
Telok Forest virus (MK896453, Bakau_orthobunyavirus B) Bakau virus (MK896635, Bakau_orthobunyavirus C) 78.1%
Telok Forest virus (MK896453, Bakau_orthobunyavirus B) Ketapang virus (MK896548, Bakau_orthobunyavirus D) 78.1%
Bakau virus (MK896635, Bakau_orthobunyavirus C) Ketapang virus (MK896548, Bakau_orthobunyavirus D) 92.4%

Playas virus (KX100123, Maguari orthobunyavirus) Cache Valley virus (KX100135, Cache Valley orthobunyavirus)  99.8%

Playas virus (KX100123, Maguari orthobunyavirus) Tlacotalpan virus (KX100120, Cache Valley orthobunyavirus) 99.2%

Cache Valley virus (KX100135, Cache Valley orthobunyavirus)  Tlacotalpan virus (KX100120, Cache Valley orthobunyavirus) 99.2%

Patois virus (MH017277, Patois orthobunyavirus) Babahoya virus (MHO017276, Patois orthobunyavirus) 85.0%
Abras virus (MH017275, Abras orthobunyavirus) Babahoya virus (MHO017276, Patois orthobunyavirus) 99.2%
Oriboca virus (KF254773, Oriboca orthobunyavirus) Murutucivirus (MG029284, Marituba orthobunyavirus) 99.6%
Oriboca virus (KF254773, Oriboca orthobunyavirus) Restan virus (KM280932, Marituba orthobunyavirus) 97.2%
Bushbush virus (MK896599, Bushbush orthobunyavirus A) Benfica virus (MK896617, Bushbush orthobunyavirus B) 76.6%
Bushbush virus (MK896599, Bushbush orthobunyavirus A) Juan D Bz virus (MK896554, Bushbush orthobunyavirus C) 92.1%
Benfica virus (MK896617, Bushbush orthobunyavirus B) Juan D Bz virus (MK896554, Bushbush orthobunyavirus C) 76.1%
Moriche virus (MK896521, Acara orthobunyavirus) Bushbush virus (MK896599, Bushbush orthobunyavirus) 98.2%
Acaravirus (MK896653, Acara orthobunyavirus) Benevides virus (MK896620, Benevides orthobunyavirus) 99.5%
MurutucUivirus (MG029284, Marituba orthobunyavirus A) Restan virus (KM280932, Marituba orthobunyavirus A) 97.2%
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Murutucavirus (MG029284, Marituba orthobunyavirus A)
Murutuctivirus (MG029284, Marituba orthobunyavirus A)
Murutucavirus (MG029284, Marituba orthobunyavirus A)
Restan virus (KM280932, Marituba orthobunyavirus A)
Restan virus (KM280932, Marituba orthobunyavirus A)
Restan virus (KM280932, Marituba orthobunyavirus A)
Marituba virus (KF254770, Marituba orthobunyavirus B)
Marituba virus (KF254770, Marituba orthobunyavirus B)
Gumbo Limbo virus (KM280930, Marituba orthobunyavirus C)
bimiti virus (KP792657, Bimiti orthobunyavirus)

Catu orthobunyavirus (KP792660)

do0i:10.20944/preprints202202.0117.v1

Marituba virus (KF254770, Marituba orthobunyavirus B)
Gumbo Limbo virus (KM280930, Marituba orthobunyavirus C)
Nepuyo virus (MG029287, Marituba orthobunyavirus D)
Marituba virus (KF254770, Marituba orthobunyavirus B)
Gumbo Limbo virus (KM280930, Marituba orthobunyavirus C)
Nepuyo virus (MG029287, Marituba orthobunyavirus D)
Gumbo Limbo virus (KM280930, Marituba orthobunyavirus C)
Nepuyo virus (MG029287, Marituba orthobunyavirus D)
Nepuyo virus (MG029287, Marituba orthobunyavirus D)
Guamavirus (KP792666, Guama orthobunyaviru)

Moju orthobunyavirus (KP792675)

91.2%
78.4%
79.2%
91.3%
78.4%
79.2%
78.9%
79.6%
89.2%
98.0%
96.2%
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050

100 ofla orthonairovirus NC029124
Meram orthonairovirus MN972594
[ Nairobi sheep disease orthonairovirus NC034387
100 * Nairobi sheep disease orthonairovirus MH791449
~ Kupe orthonairovirus EU257628
100 | 100 Ly Dugbe orthonairovirus NC004159
100 ! Dugbe orthonairovirus LC579816

Congoid orthonairovirus DQ211612
Wﬁ Crimean-Congo hemorrhagic fever orthonairovirus MH461099
100 { Crimean-Congo hemorrhagic fever orthonairovirus NC005301
Crimean-Congo hemorrhagic fever orthonairovirus KY982865
Thiafora orthonairovirus NC039220
Erve orthonairovirus JF911697
100 * Erve orthonairovirus KU925458
100 ; A Sakhalin orthonairovirus KU925491 Taggert virus
A Taggert orthonairovirus KT820205 Taggert virus
100 o A Sakhalin orthonairovirus KU925482 Sakhalin virus
A Sakhalin orthonairovirus KU925494 Tillamook virus
100 Scot orthonairovirus KU925449
Avalon orthonairovirus NC040460
100  Avalon orthonairovirus MN830231
Artashat orthonairovirus NC043440
100 ! Artashat orthonairovirus KP792702

83— Keterah orthonairovirus NC034392
1°;m|;|1~: Keterah orthonairovirus KP792741

1o<0|£ Hazara orthonairovirus NC038709
il

94

Issyk-kul orthonairovirus KR537441
Gossas orthonairovirus KR534878
| | 100 Kasokero orthonairovirus NC036636
100 “_W[E Leopards Hill orthonairovirus AB842094
Yogue orthonairovirus NC029931
Chim orthonairovirus NC043434
100, A Qalyub orthonairovirus KU925446 Bandia virus
100 A Bandia orthonairovirus KU343148 Bandia virus
A Qalyub orthonairovirus KP792714 Geran virus
100 Ly A Qalyub orthonairovirus KP792735 Qalyub virus
A Qalyub orthonairovirus KU343160 Qalyub virus
100 - @ Abu Hammad orthonairovirus KU925434
@ Tunis orthonairovirus NC040770
Abu Mina orthonairovirus KU925437
Dera Ghazi Khan orthonairovirus KU925452
Vinegar Hill orthonairovirus MF176881
A Dera Ghazi Khan orthonairovirus KU925485 Sapphire Il virus
100' A Sapphire orthonairovirus MK896468 Sapphire Il virus
100 100 ; Estero Real orthonairovirus MH017280
Estero Real orthonairovirus MK896579
100 Hughes orthonairovirus KP792708 Caspiy virus
Hughes orthonairovirus KU925467 Great Saltee virus
Soldado orthonairovirus KU925488 Soldado virus
& Hughes orthonairovirus KU925500 Zirga virus
A Zirqa orthonairovirus KU343169 Zirga virus
Punta orthonairovirus KU925473
Hughes orthonairovirus KU925470 Hughes virus
100 Hughes orthonairovirus KU925479 Raza virus
Huangpi orthonairovirus NC031135

95

100 ; Tamdy orthonairovirus MK757580
100 ! Tamdy orthonairovirus KP792732
_: Burana orthonairovirus KP792705
Wenzhou orthonairovirus NC031291
Pacific Coast orthonairovirus KU933934
100 Tacheng orthonairovirus NC031284
100 ' Tacheng orthonairovirus MK554672
100 Blattodean ocetevirus MT153554
Strider striwavirus NC031141
Xinzhou xinspivirus KM817702
Spider shaspivirus NC031220
Grotenhout norwavirus KY700684
South Bay sabavirus KX184198
100 | South Bay sabavirus KM048320
99' South Bay sabavirus KJ746877

Figure 1. The current taxonomy of Nairoviridae, as per the ICTV online report. Those

Wuhan Millipede Virus 2 NC043500

species or viruses with incorrect taxonomy were marked.
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100

Bwamba orthobunyavirus KJ867184
Bwamba orthobunyavirus KJ867178
100, @ Algjuela orthobunyavirus KM272186 Alajuela virus
101 @ Gamboa orthobunyavirus KM272174 Gamboa virus
W0 IL @ Gamboa orthobunyavirus KX900438 Pueblo Viejo virus
@® Gamboa orthobunyavirus KM272183 Calchagu virus
100 Turlock orthobunyavirus KP792687
MPoko orthobunyavirus MK896536
P%wngol orthobunyavirus KP792669

Bakau orthobunyavirus MK836635 Bakau virus
Bakau orthobunyavirus MK896548 Ketapang virus
itwatersrand orthobunvyavirus KP792690
Bakau orthobunyavirus MK836512 Nola virus
Bakau orthobunyavirus MK896453 Telok Forest Virus

100
100
100

Snowshoe hare orthobunyavirus EU203678
Snowshoe hare orthobunyavirus HQ734817

La Crosse orthobunyavirus EF485032
California encephalitis orthobunyavirus KX817312
Lumbo orthbunyavirus KX817324

Tahyna orthobunyavirus EU665255

San Angelo orthobunyavirus KX817330
Jamestown Canyon orthobunyavirus HM007352
Jamestown Canyon orthobunyavirus EU788573
Jamestown Canyon orthobunyavirus KX817336
Melac orthobunyavirus KX817327

Keystone orthobunyavirus KX817321

Serra do Navio orthobunyavirus KX817333
Trivittatus orthobunyavirus KR149249
Trivittatus orthobunyavirus KY569262

Bwamba orthobunyavirus KJ867184

100 Bwamba orthobunyavirus KJ867178

100

100

Nyando orthobunyavirus KJ867202
Nyando orthobunyavirus KJ867190
Kaeng Khoi orthobunyavirus KJ867205
Wolkberg orthobunyavirus KX470551
 ———— |

[l 100

Anhembi orthobunyavirus JN572062

laco orthobunyavirus JN572065

Cachoeira Porteira orthobunyavirus JN968590
Sororoca orthobunyavirus JN572071

Tataguine orthobunyavirus KP792678
Tacaiuma orthobunyavirus MF497778
Anopheles A orthobunyavirus KP792672
100 Anopheles A orthobunyavirus KY793537

Triniti orthobunyavirus MG792213
Anopheles B orthcbunyavirus MK896644
100 Ancpheles B orthobunyavirus MK896611
——— Guaroa orthobunyavirus KM245524

Macaua orthobunyavirus JN572068
Wyeomyia orthobunyavirus JN572074
100 Wyeomyia orthobunyavirus KX579499
Kairi orthobunyavirus KR260738
Bunyamwera orthobunyavirus X14383 Bunyamwera virus
Bunyamwera orthobunyavirus KC608152 Ngari virus
llesha orthobunyavirus KF234075
é Bunyamwera orthobunyavirus MH484330 Shokwe virus
ozo orthobunyavirus MH370824
Birac orthobunyavirus MH370821
Batai orthobunyavirus JX846606
Anadyr orthobunyavirus KU159766
Bunyamwera orthobunyavirus MG828823 Lokern virus
ain Drain orthobunyavirus MH484306 Main Drain virus
Bunyamwera orthobunyavirus MH484324 Santa Rosa virus
Bunyamwera orthobunyavirus MH484312 Northway virus
aguari orthobunyavirus KY910429
Fort Sherman orthobunyavirus KX100132
Tensaw orthobunyavirus FJ943510
Potosi orthobunyavirus MF066368
@ Cache Valley orthobunyavirus KX100120 Tlacotalpan virus

100

@ Maguari orthobunyavirls KX100123
Buffalo Creek orthobunyavirus KJ481929
Mapputta orthobunyavirus KJ481923
Gan Gan orthobunyavirus KR013232
100 Maprik orthobunyavirus KJ481926
10, @ Matruh orthobunyavirus KP792693 Matruh virus
@ Tete orthobunyavirus KP792654 Bahig virus
@ Tete orthobunyavirus KP792681 Tete virus
100 - Batama orthobunyavirus MK896626

Oio orthobunyavirus HME39780

100
100 Akabane orthobunyavi
L sabo orthobunyavirus HE795096
Schmallenberg orthobunyavirus KC355457
Schmallenberg orthobunyavirus HE795080
Simbu orthobunyavirus HE795108
Peaton orthobunyavirus HE795093
Sango orthobunyavirus HE795099
Shuni orthobunyavirus KF153118
Aino orthobunyavirus HE735087
Shuni orthobunyavirus MH484297
Sedlec erthobunyavirus MH484327
Brazoran orthobunyavirus KC854418
@ Abras orthcbunyavirus MHO17275 Abras virus
@ Patois orthobunyavirus MH017276
@ Patois orthobunyavirus MHO17277
100 — Shark River orthobunyavirus MH017278
Bellavista orthobunyavirus KX161718
Enseada orthobunyavirus KU178983
Marituba orthobunyavirus MG029284
Oriboca orthobunyavirus KF254773
Marituba orthobunyavirus KM280932
Apeu orthobunyavirus MG029269
Marituba orthobunyavirus KF254770
Bruconha orthobunyavirus KM280929
Caraparu orthobunyavirus KM092512
Madrid orthobunyavirus KF254779
Marituba orthobunyavirus KM280930
Marituba orthobunyavirus MG029287
ertioga orthobunyavirus KY013487
Minatitlan orthobunyavirus MK896527
10, @ Acara orthobunyavirus MK896653
@ Benevides orthobunyavirus MK8968620
Bushbush orthobunyavirus MK896617
Acara orthobunyavirus MK896521
Bushbush orthobunyavirus MK896599
Bushbush orthobunyavirus MK896554
Capim orthobunyavirus KT160026
Guajara orthobunyavirus KP792663
Mahogany Hammock orthobunyavirus KP835520
Timboteua orthobunyavirus MK896447
Ananindeua orthobunyavirus MG821226
Caraparu orthobunyavirus KT334540
@ Bimiti orthobunyavirus KP792657 Bimiti virus
® Guama orthobunyavirus KP792666
@ Catu orthobunyavirus KP792860
@ Moju orthobunyavirus KP792675
100 Caimito pacuvirus MK330759

100

100 |

Tapirape pacuvirus KM225260
100 Rio Preto da Eva pacuvirus KM225257
Chilibre pacuvirus MK330762
Pacui pacuvirus KM225254
— Tai herbevirus KF580574

100 [:Herbert herbevirus JQB59256
Kibale herbevirus KF580577

Insect shangavirus KM817679
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@ Cache Valley orthobunyavirus KX100135 Cache Valley virus

Ingwavuma orthobunyavirus KF697139
Mermet orthobunyavirus KFE97153
Cat Que orthobunyavirus JX983194
Manzanilla orthobunyavirus KF697150
Buttonwillow erthobunyavirus KF697160
Thimiri orthobunyavirus MH484336
Faceys paddock orthobunyavirus KF697138
Utinga orthobunyavirus KF697157
Jatobal orthobunyavirus JQ675603
Oropouche orthobunyavirus KFE97147
Oropouche orthobunyavirus AF484424
Oropouche orthobunyavirus KP691627
Leanyer orthobunyavirus HM627178
100 Akabane orthobunyavirus AB190458
‘,HH: Akabane orthcbunyavirus MH484348

Figure 2. The current taxonomy of
Peribunyaviridae, as per the ICTV
online report. Those species or
viruses with incorrect taxonomy
were marked.
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100

109

100

100

Candiru phlebovirus HM119419

Itaituba phlebovirus NC055307

Maldonado phlebovirus NC055344

Qriximina phlebovirus HM 119434

Echarate phlebovirus NC055339

Turuna phlebovirus NC055315

Alenquer phlebovirus NC055330

Nigque phlebovirus NC055314

Tres Aimendras phlebovirus NC055402

Cocle phlebovirus KP272036

Punta Toro phlebovirus NC038192

Buenaventura phlebovirus NC055389

Campana phlebovirus KP272040
Leticia phlebovirus HM566152 Leticia virus
Naples phlebovirus HM566167 Sandfly fever Naples virus

Anhanga phlebovirus NC033836

Penshurt phlebovirus MN163121

Rio Grande phlebovirus NC055309

180 La Gloria phlebovirus NC055396
Tico phlebovirus MK524345
10 Pena Blanca phlebovirus MK524341
10| Bujaru phlebovirus MK896602
1%0 Munguba phisbovirus KX611394

Viola phlebovirus NC055437
1 Lara phlebovirus HV566185
100 Urucuri phiebovirus NC033841
Cacao phlebovirus NC055325
00 Chagres phlebovirus NC055327
100 Uriurana phlebovirus NC033849
100 — Corfou phlebovirus KR106177
100 Toros phlebovirus NC029903
Dashli phlebovirus NC055380
100 Sicilian phlebovirus NC015412
Perkerra phlebovirus MT270834
10 Bogoria phlebovirus MT270828
%0 Embossos phlebovirus MT270825
100 100 Gabek phlebovirus NC055319
Ntepes phlebovirus MT625964
Karimabad phlebovirus NC055419
100100 Aguacate phlebovirus HM566138
Ixcanal phlebovirus NC055349
Durania phlebovirus NC055345
Ambe phlebovirus NC033844
Rift Valley fever phlebovirus NC014397
100 — Icoaraci phiebovirus NC055420
Salobo phlebovirus HM627185
oo Frijoles phlebovirus MK330765 Frijoles virus
100 Frijoles phlebovirus KX611391 Joa virus
100 Mona Grita phiebovirus NC055399
Salanga phlebovirus KC669549
100 Arumowot phlebovirus KJ782451
QOdrenisreu phlebovirus NC055357
Adana phlebovirus NC029127
100 Salehabad phlebovirus NC055294
100 Alcube phlebovirus NC055374
Medjerda phebovirus NC055383
Itaporanga phlebovirus NC055321
Tapara phlebovirus NC033848
Saint Floris phlebovirus JF920136
Gordil phlebovirus NC055363
Massilia phlebovirus KT906098
Punique phlebovirus NC055302
Naples phlebovirus HVM566172 Sandfly fever Naples virus
Kiborgoch phlebovirus MT270831
® Naples phiebovirus NC006319 Toscana virus
® Toscana phlebovirus X68414 Toscana virus
Tehran phlebovirus NC055385
Zerdali phlebovirus NC029901
Mukawa phlebovirus NC043510
Dabie bandavirus NC043450
Guertu virus NC 043611
Heartland bandavirus NC024495
Hunter Island bandavirus NC027717
Lone Star irus NC021242
Bhanja bandavirus NC027140 Bhanja virus
Bhanja bandavirus JX$61618 Bhanja virus
@ Bhanja bandavirus JX961622 Bhanja virus
100 - @ Razdan bandavirus NC022630 Razdan virus
100 American dog uukuvirus KM048311
Pacific coast uukuvirus KU933936
Tacheng uukuvirus MN379437
Lihan uukuvirus MN025510
Dabieshan uukuvirus MT413430
‘Yongjia uukuvirus NC055427
Kaisodi uukuvirus MK896551
Silverwater uukuvirus NC055370
Kabuto mountain uukuvirus LC483650
Rukutama uukuvirus NC055368
Murre uukuvirus NC055353
Precarious Point uukuvirus NC055337
Grand Arbaud uukuvirus NC055333
Uukuniemi uukuvirus KM114246
100 Zaliv Terpeniye uukuvirus MK896426
Sapularis ixovirus NC055432
100 Norway ixovirus MF 141050
100 Blackleg ixovirus KM048313
Shrimp wenrivirus NC031287 Penaeus
Melon tenuivirus MK450511
Rice grassy stunt tenuivirus MF947494
European wheat striate mosaic tenuivirus MN044342
100 Rice hoja blanca tenuivirus NC036597
100 Maize stripe tenuivirus MW328593
100 Rice stripe tenuivirus MW463890
Human tanzavirus MNO62090

[=]

100

— Horsefly horwuvirus NC031313
Kimberley horwuvirus MT498812

e Lepidopteran hudovirus NC032282
Pidgey pidchovirus NC043482

Dipteran beidivirus NC032158
Dipteran hudivirus NC032280
Dipteran phasivirus NC032276
Fly phasivirus NC031298

100 Guadeloupe phasivirus MN053784
Phasi Charoen like phasivirus MT913597
100 Wutai phasivirus MK017914
100 Badu phasivirus NC038257
100 Kimberley phasivirus MT498816

Yichang insect goukovirus NC031320
1 Cumuto gof irus NC043045
%0 Gouleako goukovirus NC043051

Mothra mobuvirus NC043477
Narangue mebuvirus MN661012

1680 Apple rubedvirus 1 MK936227

Apple rubodvirus 2 MN163133
Grapevine rubodvirus 1 MK728654
Entoleuca entovirus NC055435
Lentinula lentinuvirus MN744714

1 100 Grapevine laulavirus4 MT353902 0.10
Laurel lake laulavirus NC043679 —
100 Grapevine coguvirus MN520751
100 Citrus coguvirus NC035759

Coguvirus eburi MZ463039
Crimean Congo hemorrhagic fever orthonairovirus Ky982865
Dugbe orthonairovirus LC579816

18

Figure 3. The current taxonomy of
Phenuiviridae, as per the ICTV online
report.” Those species or viruses with
incorrect taxonomy were marked. Of
them, one Leticia phlebovirus strain
and one 7oscana phlebovirus strain
could be incorrectly assigned to
Naples phlebovirus by the relevant
sequence submitters.
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