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	Betaplatrhavirus pipistrellus
	The species epithet is adopted from the genus name of the Japanese house bat (Pipistrellus abramus), the source of the pharyngeal and anal swab in which the member virus was detected. 

	Betaplatrhavirus robustula
	The species epithet is adopted from the species epithet of the greater bamboo bat (Tylonycteris robustula), the source of the pharyngeal and anal swab in which the member virus was detected.

	Alphacrustrhavirus vison
	The species epithet is adopted from the species epithet of American mink (Neogale vison), the source of the fecal sample in which the member virus was detected.

	Novirhabdovirus carpione
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	Abstract of Taxonomy Proposal: 

	
Taxonomic rank(s) affected:       
Create new species.

Description of current taxonomy:       
· The genus Betaplatrhavirus is not assigned to a subfamily. It currently includes 12 species for viruses detected in platyhelminth parasites, or in gill, gut or anal swab samples taken from vertebrates.
· The subfamily Deltarhabdovirinae currently comprises 11 genera including 38 species for viruses detected in invertebrates. These include 2 species in the genus Alphacrustrhavirus for viruses detected in crustaceans. 
· The subfamily Gammarhabdovirinae currently comprises 2 genera including 4 species in the genus Novirhabdovirus for viruses infecting or detected in ray-finned fish and 1 species in the genus Margarhavirus for a virus detected in freshwater molluscs. 

Proposed taxonomic change(s):     
1. Create 2 new species in the genus Betaplatrhavirus.
2. Create 1 new species in the genus Alphacrustrhavirus.
3. Create 1 new species in the genus Novirhabdovirus.

Justification:
Four viruses for which complete coding sequences are now available fall phylogenetically within clades representing these three genera and meet demarcation criteria for the creation of new species.



	Text of Taxonomy proposal:  

	
1. Create 2 new species in the genus Betaplatrhavirus

Bat-associated rhabdovirus 1 (BaRV1; strain GD2018) was detected by high-throughput sequencing of a pharyngeal and anal swab from a Japanese house bat (Pipistrellus abramus) collected in China in 2018 (PRJNA994658). Bat-associated rhabdovirus 3 (BaRV3; strain GX2016) was detected by high-throughput sequencing of a pharyngeal and anal swab from a greater bamboo bat (Tylonycteris robustula) collected in China in 2016 (PRJNA994658). We propose BaRV1 be assigned to the new species Betaplatrhavirus pipistrellus and BaRV3 be assigned to the new species Betaplatrhavirus robustula.

Ecology
The genus Betaplatrhavirus currently comprises 12 species for viruses detected by metagenomic sequencing in platyhelminth parasites, or in gill, gut or anal swab samples taken from vertebrates. The detection of BaRV1 and BaRV3 in pharyngeal and anal swabs from bats is consistent with this ecology and suggests that platyhelminth parasite infestations are the true source. Bat-associated rhabdovirus 2 (BaRV2; species Betaplatrhavirus abramus) was also detected in a pharyngeal and anal swab from a Japanese house bat (Pipistrellus abramus) collected in China.

Genome organisations
The complete genome coding sequences of BaRV1 (11884 nt; Genbank OR951391) and BaRV3 (11798 nt; Genbank OR951389) have been reported. The genomes lack only extreme 3' and 5' termini. The genome organizations are similar to those of some other betaplatrhaviruses, containing only the five canonical rhabdovirus structural protein genes (N, P, M, G and L). Some other betaplatrhaviruses lack a G gene and Eptesticus fuscus rhabdovirus (EfusRV; species Betaplatrhavirus fuscus) contains an additional small gene between the G and L genes (Figure 1).

Phylogenetic analysis
Based on ML trees generated from complete L protein sequences, BaRV1 and BaRV3 fall with the betaplatrhaviruses in a distinct and well-supported monophyletic clade (Figure 2). BaRv1 lies on a sub-clade with Behai dimarhabdovirus 1 (BhDRV1; species Betaplatrhavirus behai) and triaenorhabdovirus 2 (TriRV2; species Betaplatrhavirus nodulosis). BaRV3 lies on a sub-clade with BaRV2 and rhabdovirus HAGXC131516/2 (HAGXCRV; species Betaplatrhavirus armiger).

Amino acid sequence identities
Pairwise sequence identities (p-distances) calculated in MEGA7 from ClustalW amino acid sequence alignments indicate that BaRV1 is most closely related to both TriRV2 and BaRV3 in the L protein (31.7% identity), to Wenling dimarhabdovirus 1 (WlDRV1; species Betaplatrhavirus wenling) in the N protein (15.6% identity) and psilorhabdovirus 2 (PsiRV2; species Betaplatrhavirus simillimum) the G protein (14.9% identity); BaRV3 is most closely related to HAGXCRV in the L, N and G proteins (73.7%, 79.6% and 63.5% identity, respectively) (Tables 1–3).

Species demarcation criteria
The species demarcation criteria for the genus Betaplatrhavirus are that viruses assigned to different species within the genus have several of the following characteristics: A) minimum amino acid sequence divergence of 10% in N proteins; B) minimum sequence divergence of 10% in the L proteins; C) minimum amino acid sequence divergence of 15% in G proteins; D) significant differences in genome organisation as evidenced by numbers and locations of ORFs; E) can be distinguished in virus neutralization tests; and F) occupy different ecological niches as evidenced by differences in hosts and/or vectors.

The two proposed members of the genus meet criteria A and B. The divergence between BaRV1 and one other member virus (PsiRV2) is marginally below the demarcation point (criterion C). There are significant differences in genome organization between these viruses and some other members of the genus, but other members are similar (criterion D). No neutralization test data are yet available as there are currently no isolates of the viruses (criterion E). One other betaplatrhavirus has been detected in a pharyngeal and anal swab from a bat from China (criterion F).

2. Create 1 new species in the genus Alphacrustrhavirus

Mink stool-associated rhabdovirus (MSaRV; strain PJSD13) was detected in the feces of farmed American mink (Neogale vison) from China in 2023 (Genbank submission). We propose MSaRV be assigned to the new species Alphacrustrhavirus vison. 

Ecology
There are currently two species in the genus Alphacrustrhavirus. Wenling crustacean virus 10 (WlCV10; species Alphacrustrhavirus wenling) and Wenling crustacean virus 11 (WlCV11; species Alphacrustrhavirus zhezhang) were each discovered by high throughput sequencing in a pool of marine crustaceans (multiple families) collected in Zhezhang Province, China, in 2014. The detection of MSaRV in the feces of farmed mink appears to be consistent with their common diet which consists primarily of waste from fish and poultry processing plants (https://fur.ca/fur-farming/mink-farming/). In the wild, crustaceans can be a component of their natural diet [8, 9]. 

Genome organization
The complete genome coding sequence of MSaRV (12362 nt; Genbank PQ182562) has been reported. The genome lacks only extreme 3' and 5' termini. The genome organization is similar to those of other alphacrustrhaviruses which contain only five genes (N, P, M, G and L) encoding canonical rhabdovirus structural proteins, although one other alphacrustrhavirus (WlCV11) has an alternative long ORF in the P gene. Uniquely amongst known animal rhabdoviruses, the MSaRV genome features a complete additional gene following the L gene. It contains a single ORF encoding a putative 21.5 kDa polypeptide (Figure 1).

Phylogenetic analysis
Based on ML trees generated from complete L protein sequences, MSaRV falls with the alphacrustrhaviruses in a distinct and well-supported monophyletic clade in the subfamily Deltarhabdovirinae (Figure 2). MSaRV lies on a sub-clade with WlCV11.

Amino acid sequence identities
Pairwise sequence identities (p-distances) calculated in MEGA7 from ClustalW amino acid sequence alignments indicate that MSaRV is most closely related to WlCV11 in the L, N and G proteins (61.2%, 43.5% and 48.7% identity, respectively) (Tables 4–6).

Species demarcation criteria
Viruses assigned to different species within the genus Alphacrustrhavirus have several of the following characteristics: A) minimum amino acid sequence divergence of 10% in N proteins; B) minimum sequence divergence of 10% in the L proteins; C) minimum amino acid sequence divergence of 15% in G proteins; D) significant differences in genome organization as evidenced by numbers and locations of ORFs; E) can be distinguished in virus neutralisation tests; and F) occupy different ecological niches as evidenced by differences in vertebrate hosts and or arthropod vectors.

The proposed new member of the genus meets demarcation criteria A, B, C and D. As no virus isolates are currently available neutralisation tests have not been conducted (criterion E). As the virus was detected in a fecal sample, the source host is not entirely certain (criterion F).

3. Create 1 new species in the genus Novirhabdovirus

Carpione rhabdovirus (CAPRV; strain LG1988) was first isolated from whole fry of Lake Garda carpione (Salmo carpio) collected in Italy in 1988 [2]. It was subsequently isolated from the spleen and trunk kidney of cultured golden pompano (Trachinotus ovatus) suffering mass mortalities in Zhanjiang, Guangdong Province, China, in 2023 [11]. We propose CAPRV be assigned to the new species Novirhabdovirus carpione. 

Ecology
Novirhabdoviruses infect ray-finned fish. There are currently four species in the genus. Infectious hematopoietic necrosis virus (IHNV; species Novirhabdovirus salmonid) has a host range restricted largely to salmonid fish. It is enzootic in North America but has also been reported in other parts of the world [3, 12]. Viral hemorrhagic septicemia virus (VHSV; species Novirhabdovirus piscine) has a very broad host range in finfish from diverse families. It occurs naturally in wild fish species in the northern Atlantic and Pacific Oceans [3, 12]. Snakehead rhabdovirus (SHRV; species Novirhabdovirus snakehead) was first isolated from the tissues of diseased snakehead fish (Ophicephalus striatus) during an epizootic ulcerative syndrome (EUS) outbreak in Thailand [5] and appears to be restricted in distribution to South-East Asia. Hirame rhabdovirus (HIRRV; species Novirhabdovirus hirame) was first detected in Japanese flounder (Paralichthys olivaceus) in Japan [7] and subsequently in Korea [6] but appears to have a wide host range amongst ray-finned fish. It has also been shown in Japan to infect ayu (Plecoglossus olivaceus), black seabream (Milio macrocephalus), mebaru (Sebastes inermis) and rainbow trout, (Oncorhynchus mykiss) [7, 10, 14], as well as stone flounder (Paralichthys bicoloratu) in China [13], and greyling (Thymallus thymallus) in Poland [1].

Genome organisation
The complete genome coding sequence of CAPRV (11285 nt; Genbank LC630942) has been reported [4]. The genome lacks only extreme 3' and 5' termini. The genome organization is similar to those of other novirhabdoviruses, containing the five canonical rhabdovirus structural protein genes (N, P, M, G and L) and an additional gene (NV) between the G and L genes encoding a small non-structural protein (Figure 1).  

Phylogenetic analysis
Based on ML trees generated from complete L protein sequences, the two samples of CAPRV fall with the novirhabdoviruses in a distinct and well-supported monophyletic clade (Figure 2). The CAPRV samples lie on a sub-clade with SHRV. ML trees were inferred using two different models for multiple sequence alignment of L and N proteins of two samples of CAPRV, a single available sample of SHRV, three available samples of HIRRV, and large data sets of available VHSV and IHNV sequences from diverse sources (Figure 3). In each case, the CAPRV isolates form a distinct monophyletic clade, albeit with a level of sequence divergence that exceeds that observed for viruses assigned to other novirhabdovirus species. 

Amino acid sequence identities
Pairwise sequence identities (p-distances) calculated in MEGA7 from ClustalW nucleotide and amino acid sequence alignments indicate that CAPRV (strain LG1988) is most closely related to SHRV in the G gene (55.0–55.2% identity) and in the G protein (54.3–55.1% identity) (Tables 7–8). The two CAPRV isolates (1988 and 2023) share 80.5% identity in the G gene and 86.3% identity in the G protein.

Serology
CAPRV has been reported to not be neutralized by rabbit antisera to IHNV or VHSV [2]. CAPRV does cross-react by immunofluorescence with VHSV antiserum and with monoclonal antibodies (MAbs) directed at the VHSV N protein and G protein, but not with rabbit antiserum to IHNV [2]. Rabbit antiserum to CAPRV did not cross-react by immunofluorescence with VHSV or IHNV. By immunoblotting VHSV rabbit antiserum was shown to cross-react with the CAPRV G protein and a VHSV N protein MAb cross-reacted with the CAPRV N protein. No cross-reactions with CAPRV proteins were detected using IHNV rabbit antiserum [2].

Species demarcation criteria
Viruses assigned to different species within the genus Novirhabdovirus have some of the following characteristics: A) minimum of 31% nucleotide divergence and 26% amino acid divergence in the G gene and G protein, respectively; B) phylogenetic structure as distinct monophyletic clades in phylogenetic analyses with various genome regions, obtained with various evolutionary models; C) distinguished by serological tests; and D) occupy different ecological niches as indicated by non-overlapping or partially overlapping host ranges, and non-overlapping or partially overlapping geographic ranges. 

The proposed new member of the genus meets criteria A, B and C. The species of fish and geographic locations in which the virus has been detected are novel amongst novirhabdoviruses but the possible host range and geographic range have not yet been determined (criterion D). The nucleotide and amino acid sequence divergence of the two isolates of the virus fall below that required for assignment to different species. 
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Figure 1. Schematic illustration of the genome organisations of betaplatrhaviruses, alphacrustrhaviruses and novirhabdoviruses. Arrows represent long open reading frames (ORFs) with the N, P, M, G and L ORFs shown and additional ORFs shaded. Apparently unique ORFs are shaded in grey and ORFs encoding homologous novirhabdovirus NV proteins shown in crimson.
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Figure 2. The evolutionary history was inferred from a multiple sequence alignment of complete L protein sequences of 79 rhabdoviruses that are currently assigned to species in the subfamily Gammarhabdovirinae, subfamily Deltarhabdovirinae and the genera Alphaplatrhavirus, Betaplatrhavirus and Gammaplatrhavirus, as well as 4 viruses proposed to be assigned to 4 new species in the family. The alignment was constructed in MAFFT using the E-INS-I iterative refinement method.  Phylogenetically informative sites were selected from the alignment using TrimAl, resulting in 902 positions in the final dataset. The tree was inferred in MEGA11 by using the Maximum Likelihood method based on the best-fit Le and Gascuel model with gamma distribution of evolutionary rates and invariable sites. The tree with the highest log likelihood (-108365.67) is shown. Initial tree(s) for the heuristic search were obtained automatically by applying Neighbor-Join and BioNJ algorithms to a matrix of pairwise distances estimated using a JTT model, and then selecting the topology with superior log-likelihood values. The tree is drawn to scale, with branch lengths measured in the number of substitutions per site. Bootstrap values (100 iterations) are shown for each node.
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Figure 3. A. The evolutionary history was inferred from a MUSCLE multiple sequence alignment of complete L protein sequences of 155 rhabdoviruses that are currently assigned to species in the subfamily Gammarhabdovirinae, as well as two isolates of carpione rhabdovirus proposed to be assigned to a new species in the genus Novirhabdovirus. B. The evolutionary history was inferred from a CLUSTAL W multiple sequence alignment of complete L protein sequences of 139 rhabdoviruses that are currently assigned to species in the subfamily Gammarhabdovirinae, as well as two isolates of carpione rhabdovirus proposed to be assigned to a new species in the genus Novirnabdovirus. Each tree was inferred in MEGA11 by using the Maximum Likelihood method based on the best-fit Le and Gascuel model with gamma distribution of evolutionary rates and invariable sites. The tree with the highest log likelihood (-28611.17 in tree A and 0.8191.63 in tree B) is shown. Initial tree(s) for the heuristic search were obtained automatically by applying Neighbor-Join and BioNJ algorithms to a matrix of pairwise distances estimated using a JTT model, and then selecting the topology with superior log-likelihood values. The trees are drawn to scale, with branch lengths measured in the number of substitutions per site. Bootstrap values (100 iterations) are shown for each node.
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Table 1. Percentage amino acid identities (p-distance) of a CLUSTAL W alignment of betaplatrhavirus L sequences.
	
	HAGXCRV
	BaRV2
	BaRV3
	PsiRV2
	SphRV2
	PsiRV1
	SphRV3
	EfusRV
	FjDRV
	HIMRV1
	WlDRV1
	BaRV1
	BhDRV1
	TriRV2

	HAGXCRV
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	BaRV2
	77.6
	
	
	
	
	
	
	
	
	
	
	
	
	

	BaRV3
	73.7
	73.3
	
	
	
	
	
	
	
	
	
	
	
	

	PsiRV2
	56.9
	58.0
	56.6
	
	
	
	
	
	
	
	
	
	
	

	SphRV2
	57.5
	58.1
	57.5
	64.8
	
	
	
	
	
	
	
	
	
	

	PsiRV1
	49.0
	48.4
	49.2
	51.0
	49.6
	
	
	
	
	
	
	
	
	

	SphRV3
	50.0
	49.6
	49.9
	51.5
	50.7
	55.7
	
	
	
	
	
	
	
	

	EfusRV
	45.6
	45.2
	45.4
	45.7
	46.9
	45.2
	44.4
	
	
	
	
	
	
	

	FjDRV
	44.5
	43.6
	44.3
	45.0
	45.5
	45.0
	44.9
	41.7
	
	
	
	
	
	

	HIMRV1
	41.8
	41.7
	41.7
	43.8
	43.5
	42.6
	42.9
	42.6
	41.8
	
	
	
	
	

	WlDRV1
	35.2
	35.5
	35.3
	35.6
	35.9
	34.6
	34.3
	34.6
	34.5
	34.4
	
	
	
	

	BaRV1
	30.6
	31.5
	31.7
	31.0
	30.9
	31.2
	30.2
	31.0
	30.0
	30.3
	27.6
	
	
	

	BhDRV1
	28.1
	28.5
	27.7
	27.6
	27.8
	27.1
	27.5
	27.9
	27.2
	26.8
	26.6
	28.9
	
	

	TriRV2
	30.2
	30.3
	31.1
	30.9
	30.5
	30.3
	29.8
	29.6
	31.5
	31.2
	28.7
	31.7
	34.4
	



Table 2. Percentage amino acid identities (p-distance) of a CLUSTAL W alignment of betaplatrhavirus N sequences.
	
	HAGXCRV
	BaRV2
	BaRV3
	PsiRV2
	SphRV2
	PsiRV1
	SphRV3
	EfusRV
	FjDRV
	HIMRV1
	WlDRV1
	BaRV1
	BhDRV1
	TriRV2

	HAGXCRV
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	BaRV2
	82.0
	
	
	
	
	
	
	
	
	
	
	
	
	

	BaRV3
	79.6
	77.6
	
	
	
	
	
	
	
	
	
	
	
	

	PsiRV2
	52.6
	52.6
	53.3
	
	
	
	
	
	
	
	
	
	
	

	SphRV2
	55.0
	54.6
	54.8
	63.1
	
	
	
	
	
	
	
	
	
	

	PsiRV1
	38.3
	37.8
	39.1
	39.5
	37.7
	
	
	
	
	
	
	
	
	

	SphRV3
	35.4
	34.3
	36.5
	37.4
	37.7
	43.6
	
	
	
	
	
	
	
	

	EfusRV
	32.9
	33.1
	32.4
	36.9
	33.3
	30.6
	31.0
	
	
	
	
	
	
	

	FjDRV
	36.5
	36.8
	36.1
	37.9
	34.7
	34.2
	32.4
	35.4
	
	
	
	
	
	

	HIMRV1
	26.0
	24.9
	24.7
	26.5
	27.3
	28.3
	28.0
	26.0
	30.0
	
	
	
	
	

	WlDRV1
	18.3
	18.3
	18.0
	19.4
	19.2
	19.6
	18.0
	18.8
	18.9
	17.8
	
	
	
	

	BaRV1
	12.9
	12.9
	13.1
	12.8
	10.4
	12.7
	10.7
	12.2
	14.2
	11.6
	15.6
	
	
	

	BhDRV1
	10.0
	8.3
	8.0
	9.7
	8.6
	9.4
	8.2
	7.5
	9.8
	9.5
	7.8
	8.8
	
	

	TriRV2
	11.1
	10.0
	9.3
	10.0
	8.9
	9.7
	8.5
	7.0
	8.8
	10.2
	9.5
	7.6
	10.1
	



Table 3. Percentage amino acid identities (p-distance) of a CLUSTAL W alignment of betaplatrhavirus G sequences.
	
	HAGXCRV
	BaRV3
	PsiRV2
	SphRV2
	EfusRV
	WlDRV1
	BaRV1

	HAGXCRV
	
	
	
	
	
	
	

	BaRV3
	63.5
	
	
	
	
	
	

	PsiRV2
	36.5
	34.7
	
	
	
	
	

	SphRV2
	45.6
	42.9
	44.3
	
	
	
	

	EfusRV
	23.5
	25.8
	22.7
	24.5
	
	
	

	WlDRV1
	21.3
	19.5
	17.3
	21.5
	18.5
	
	

	BaRV1
	14.6
	13.6
	14.9
	12.3
	14.2
	12.0
	





Table 4. Percentage amino acid identities (p-distance) of a CLUSTAL W alignment of alphacrustrhavirus L sequences.
	
	WlCV10
	WLCV11
	MSaRV

	WlCV10
	
	
	

	WlCV11
	41.8
	
	

	MSaRV
	40.9
	61.2
	


Table 5. Percentage amino acid identities (p-distance) of a CLUSTAL W alignment of alphacrustrhavirus N sequences.
	
	WlCV10
	WLCV11
	MSaRV

	WlCV10
	
	
	

	WlCV11
	29.8
	
	

	MSaRV
	26.0
	43.5
	


Table 6. Percentage amino acid identities (p-distance) of a CLUSTAL W alignment of alphacrustrhavirus G sequences.
	
	WlCV10
	WLCV11
	MSaRV

	WlCV10
	
	
	

	WlCV11
	19.8
	
	

	MSaRV
	19.2
	48.7
	


Table 7. Percentage nucleotide identities (p-distance) of a CLUSTAL W alignment of novirhabdovirus G gene sequences.
	
	IHNV
	HIRRV
	VHSV
	SHRV
	CAPRV 1988
	CAPRV 2023

	IHNV
	
	
	
	
	
	

	HIRRV
	69.7
	
	
	
	
	

	VHSV
	47.8
	48.1
	
	
	
	

	SHRV
	49.7
	47.8
	56.0
	
	
	

	CAPRV 1988
	50.1
	48.5
	53.6
	55.0
	
	

	CAPRV 2023
	50.6
	49.5
	51.8
	55.2
	80.5
	


Table 8. Percentage amino acid identities (p-distance) of a CLUSTAL W alignment of novirhabdovirus G protein sequences.
	
	IHNV
	HIRRV
	VHSV
	SHRV
	CAPRV 1988
	CAPRV 2023

	IHNV
	
	
	
	
	
	

	HIRRV
	73.6
	
	
	
	
	

	VHSV
	38.4
	38.0
	
	
	
	

	SHRV
	40.0
	40.0
	47.6
	
	
	

	CAPRV 1988
	39.5
	40.5
	46.8
	54.3
	
	

	CAPRV
 2023
	38.5
	40.9
	46.0
	55.1
	86.3
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