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	Abstract of Taxonomy Proposal: 

	Taxonomic rank(s) affected:    
Species (Mononegavirales: Rhabdoviridae: Deltarhabdovirinae)

Description of current taxonomy:       
The subfamily Deltarhabdovirinae currently comprises 11 genera including 
34 species for viruses detected in various invertebrates (arthropods, nematodes and crustaceans). 

Proposed taxonomic change(s):     
Create 4 new species in the subfamily Deltarhabdovirinae, 1 in the genus Stangrhavirus for a virus detected in mosquitoes, 1 in the genus Primrhavirus for a virus detected in mosquitoes, and 2 in the genus Alphahymrhavirus for aviruses detected in ants and wasps. 

Justification:
The viruses cluster phylogenetically with others in the existing genera in ML trees inferred using L protein sequences. All new species meet established demarcation criteria for the genera. 



	Text of Taxonomy proposal:  

1. Create 1 new species in the genus Stangrhavirus

The genus Stangrhavirus comprises four species for members detected by metagenomic sequencing in mosquitoes (Culicidae) of various species. Stang virus (STNGV; species Stangrhavirus stang) was detected in Culex erythrothorax mosquitoes collected in the Placer Valley, California, in 2017 [1].  Elisy virus (ELSYV; species Stangrhavirus elisy) was detected in Culex tarsalis mosquitoes collected in Alameda County, California, USA, in 2017 [1].  Wuhan mosquito virus 9 (WhMV9; species Stangrhavirus wuhan) was detected in Culex tritaeniorhynchus mosquitoes collected in Yunnan, China, in 2018 [2]. Guadeloupe Culex rhabdovirus (GCRV; species Stangrhavirus guadeloupe) has been detected in mosquitoes of several species (Culex quinquefasciatus, Deinocerites sp., Aedes aegypti) collected in Guadeloupe, Grenada and Brazil, in 2015 and 2017 [3-5].

Xiangyun mono-chu-like virus 11 (XyMCLV11; strain XY234924) was detected by metagenomic sequencing of Culex pipiens mosquitoes collected in Yunnan Province, China, in 2018.  We propose XyMCLV11 be assigned to the new species Stangrhavirus yunnan.

Genome organization
The complete genome coding sequence of XyMCLV11 (Genbank OL700136; 14,251 nt) has been reported, lacking only extreme 3’ and 5’ termini (Figure 1). Like other stangrhaviruses, the genome contains the five canonical rhabdovirus structural protein genes (N, P, M, G and L) and an additional gene (U1) encoding a small protein between the G and L genes. The U1 proteins of stangrhaviruses are homologous. Uniquely, in XyMCLV11 the U1 gene is followed immediately by a second gene (U2) encoding a small protein that has no identifiable sequence homology with the stangrhavirus U1 proteins. The U1 and U2 ORFs are in independent transcriptional units and so very likely to be expressed.

Phylogenetic analysis
Based on ML trees generated from complete L protein sequences, XyMCLV11 clusters with the 4 viruses already assigned to the genus, forming a distinct and well-supported monophyletic clade (Figure 2).

Amino acid sequence identities
Pairwise sequence identities (p-distances) calculated in MEGAX from ClustalW amino acid sequence alignments for all viruses in the genus indicated that XyMCLV11 is most closely related to ELSYV in N (39.3% identity) and L (61.8% identity), and most closely related to WhMV9 in G (41.6% identity). (Tables 1-3).

Species demarcation criteria
The species demarcation criteria for the genus Stangrhavirus 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 proposed new member of the genus meets criteria A, B and C. XyMCLV11 is similar in genome organization to other members of the genus but, uniquely, has an additional gene designated U2. It therefore also meets criterion D. No neutralization test data are yet available as there are currently no isolates of the viruses (criterion E). XyMCLV11 was detected in mosquitoes of a different species to those of other stangrhaviruses and in a different geographic location. It therefore also meets criterion F.

Derivation of the name of the new taxon
The species epithet for the new species was derived as follows:
	Stangrhavirus yunnan
	derived from the Chinese province (Yunnan) from which the source mosquito sample was collected for virus metagenomic sequencing



2. Create 1 new species in the genus Primrhavirus

The genus Primrhavirus comprises three species for viruses detected by metagenomic sequencing in mosquitoes (Culicidae) of various species. Primus virus (PRIMV; species Primrhavirus primus) was discovered in Aedes vexans mosquitoes collected in Senegal, in 2014. Atrato rhabdo-like virus 3 (AtRLV3; species Primrhavirus atrato) was discovered in Culex sp. mosquitoes collected in Colombia, in 2016. San Gabriel mononegavirus (SGMNV; species Primrhavirus gabriel) was first discovered in an RNA-Seq library generated from an Aedes albopictus mosquito colony and then detected in wild-caught mosquitoes and various cell lines from Aedes spp. mosquitoes from various parts of the world.

XiangYun mono-chu-like virus 4 (XyMCLV4; strain XY19495) was detected by metagenomic sequencing of mosquitoes (Culex theileri) collected in Yunnan Province, China, in 2018. We propose XyMCLV4 be assigned to the new species Primrhavirus yunnan.

Genome organization
The complete genome coding sequence of XyMCLV4 (Genbank OL700129; 12,160 nt) has been reported, lacking only extreme 3’ and 5’ termini (Figure 1). Like other primrhaviruses, the genome contains only the five canonical rhabdovirus structural protein genes (N, P, M, G and L). There are no alternative long ORFs as have been detected in other primrhaviruses but which may or may not be expressed.

Phylogenetic analysis
Based on ML trees generated from complete L protein sequences, XyMCLV4 clusters with the 3 viruses already assigned to the genus, forming a distinct and well-supported monophyletic clade (Figure 2).

Amino acid sequence identities
Pairwise sequence identities (p-distances) calculated in MEGAX from ClustalW amino acid sequence alignments for all viruses in the genus indicated that XyMCLV4 is most closely related to PRIMV (71.1% identity in N; 84.2% identity in L; 83.6% identity in G) (Tables 4-6).

Species demarcation criteria
The species demarcation criteria for the genus Primrhavirus 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 proposed new member of the genus meets criteria A, B and C. XyMCLV4 is similar in genome organization to other members of the genus (criterion D). No neutralization test data are yet available as there are currently no isolates of the viruses (criterion E). XyMCLV4 was detected in mosquitoes of a different species to those of other primrhaviruses. It therefore also meets criterion F.

NOTE: 
Armigeres rhabdo-like virus 2 (ArmRLV2; strain G) was detected by metagenomic sequencing of mosquitoes (Armigeres subalbatus) collected in Jinghong, Yunnan Province, China, in 2018 [6]. Although it is a likely member of the genus Primrhavirus (Figure 2), it was not considered for classification as the genome sequence is incomplete, lacking the N gene and part of the P gene.

Derivation of the name of the new taxon
The species epithet for the new species was derived as follows:
	Primrhavirus yunnan
	derived from the Chinese province (Yunnan) from which the source mosquito sample was collected for virus metagenomic sequencing



3. Create 2 new species in the genus Alphahymrhavirus

The genus Alphahymrhavirus comprises six species for viruses detected by metagenomic sequencing, primarily in hymenopteran insects (Hymenoptera). Four of the viruses were detected in wasps of various species (Pompilus cinereus, Chrysura radians, Chlorion hirtum, Lariophagus distinguendus), one was detected in ants (Lasius neglectus) [7-9], and one was detected in a mixed sample of insects (Hymenoptera; Diptera; Lepidoptera). 

Electric ant rhabdovirus (EARV) was detected by metagenomic sequencing of little fire ants (Wasmannia auropunctata) collected from various locations in Argentina, 2019-2021 [10].  We propose EARV be assigned to the new species Alphahymrhavirus electrico.

Ectemnius rhabdovirus (EctRV) was discovered in a digger wasp (Ectemnius lituratus) collected in Oxfordshire, England [11]  by data mining of the NCBI Sequence Read Archive (SRA) repository. We propose EARV be assigned to the new species Alphahymrhavirus ectemnius.

Genome organization
The near-complete genome sequence of EARV (Genbank OP518027; 12,034 nt) has been reported, lacking only extreme 3’ and 5’ termini (Figure 1). Although the authors claim to have determined the exact terminal sequences by 5’ and 3’ RACE [10], the termini are not anti-complementary, suggesting they remain incomplete. Like other alphahymrhaviruses, the genome contains only the five canonical rhabdovirus structural protein genes (N, P, M, G and L). The coding complete genome sequence of EctRV (Gernbank BK063699; 12,682 nt) has been reported, lacking only extreme 3’ and 5’ termini. The genome contains the five canonical rhabdovirus structural protein genes (N, P, M, G and L). Uniquely amongst alphahymrhaviruses, in the M gene there is a long overlapping ORF of 453 nt that commences 323 nt upstream of the M ORF stop codon and terminates within the M transcriptional unit. If expressed, the overlapping ORF could encode a 17.4 kD basic protein or, by ribosomal frameshift, provide an alternative C-terminal domain for the M protein.

Phylogenetic analysis
Based on ML trees generated from complete L protein sequences, EARV and EctRV cluster with the viruses already assigned to the genus, forming a distinct and well-supported monophyletic clade (Figure 2).

Amino acid sequence identities
Pairwise sequence identities (p-distances) calculated in MEGAX from ClustalW amino acid sequence alignments for all viruses in the genus indicated that EARV is most closely related to Lasius neglectus virus 2 (LnegV2; species Alphahymrhavirus neglectus) in N (45.0% identity) and L (56.7% identity), and most closely related to EctRV in G (23.2% identity). EctRV is also most closely related to LnegV2 in N (28.2% identity) and L (48.2% identity), and most closely related to hymenopteran rhabdo-related virus 38 (HyRRV38; species Alphahymrhavirus cinereus) in G (23.7% identity) (Tables 7-9).

Species demarcation criteria
The species demarcation criteria for the genus Alphahymrhavirus 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 proposed new members of the genus meet criteria A, B and C. EARV is similar in genome organization to other members of the genus, but EctRV varies in the structure of the M gene (criterion D). No neutralization test data are yet available as there are currently no isolates of the viruses (criterion E). Each new member was detected in ants or wasps of different species to those of other alphahymrhaviruses. They therefore also meet criterion F.

NOTE: 
Wuhan ant virus (WhAV; strain WHMY02) was discovered in a pool of a Japanese carpenter ants (Camponotus japonicus) collected in Hubei Province, China, in 2013. Although a likely member of the genus, it was not considered for classification as the genome sequence is incomplete, comprising only partial G gene and the complete L gene [2].

Derivation of the name of the new taxon
The species epithet for the new species was derived as follows:
	Alphahymrhavirus electrico
	derived from one common name of the ant species (electric ant) that was the source sample collected for virus metagenomic sequencing. This name was proposed by the authors of the associated manuscript.

	Alphahymrhavirus ectemnius
	derived from the genus name of the wasp species (Ectemnius lituratus) that was the source sample for the SRA in which the virus sequence was detected.
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Figure 1 (above). Schematic scale illustration of the genome organisations of stangrhaviruses, primrhaviruses and alphahymrhaviruses. Arrows represent long open reading frames (ORFs). ORFs encoding small homologous proteins are shown in cherry red. A long ORF in XyMCLV11 that lies within an independent transcriptional unit is shown in blue. Other alternative or overlapping ORFs of moderate length within the canonical structural protein genes are shown in grey; these may or may not be expressed.  
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Figure 2 (above). The evolutionary history was inferred from a multiple sequence alignment of complete L protein sequences of 34 rhabdoviruses that are currently assigned to species in the family Rhabdoviridae as well as 4 viruses proposed to be assigned to existing genera in the family and 2 viruses that are likely to be members but for which the genome sequences are incomplete. 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 1776 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 (-116487.89) is shown. The percentage of trees in which the associated taxa clustered together is shown next to the branches. 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 mid-rooted 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.




Table 1. Percentage amino acid identities (p-distance) of a CLUSTAL W alignment of stangrhavirus N protein sequences.
	
	GCRV
	XyMCLV11
	WhMV9
	ELSYV
	STNGV

	GCRV
	
	
	
	
	

	XyMCLV11
	24.0
	
	
	
	

	WhMV9
	28.4
	38.5
	
	
	

	ELSYV
	25.2
	39.3
	47.7
	
	

	STNGV
	25.5
	39.2
	48.8
	51.8
	





Table 2. Percentage amino acid identities (p-distance) of a CLUSTAL W alignment of stangrhavirus L protein sequences.
	
	GCRV
	XyMCLV11
	WhMV9
	ELSYV
	STNGV

	GCRV
	
	
	
	
	

	XyMCLV11
	42.7
	
	
	
	

	WhMV9
	42.4
	60.5
	
	
	

	ELSYV
	42.8
	61.8
	63.9
	
	

	STNGV
	41.9
	60.3
	65.1
	65.6
	



Table 3. Percentage amino acid identities (p-distance) of a CLUSTAL W alignment of stangrhavirus G protein sequences.
	
	GCRV
	XyMCLV11
	WhMV9
	ELSYV
	STNGV

	GCRV
	
	
	
	
	

	XyMCLV11
	28.2
	
	
	
	

	WhMV9
	30.2
	41.6
	
	
	

	ELSYV
	26.8
	41.4
	46.6
	
	

	STNGV
	27.2
	40.3
	45.4
	47.7
	



Table 4. Percentage amino acid identities (p-distance) of a CLUSTAL W alignment of primrhavirus N protein sequences.
	
	AtRLV3
	SGMNV
	PRIMV
	XyMCLV4

	AtRLV3
	
	
	
	

	SGMNV
	24.9
	
	
	

	PRIMV
	25.6
	37.3
	
	

	XyMCLV4
	24.8
	38.0
	71.1
	



Table 5. Percentage amino acid identities (p-distance) of a CLUSTAL W alignment of primrhavirus L protein sequences.
	
	AtRLV3
	SGMNV
	PRIMV
	XyMCLV4

	AtRLV3
	
	
	
	

	SGMNV
	45.4
	
	
	

	PRIMV
	45.7
	60.4
	
	

	XyMCLV4
	44.9
	60.5
	84.2
	



Table 6. Percentage amino acid identities (p-distance) of a CLUSTAL W alignment of primrhavirus G protein sequences.
	
	AtRLV3
	SGMNV
	PRIMV
	XyMCLV4

	AtRLV3
	
	
	
	

	SGMNV
	23.8
	
	
	

	PRIMV
	23.7
	39.7
	
	

	XyMCLV4
	22.7
	39.4
	83.6
	



Table 7. Percentage amino acid identities (p-distance) of a CLUSTAL W alignment of alphahymrhavirus N protein sequences.
	
	HyRRV46
	HyRRV109
	XsRLV3
	LdisNSV1
	EctRV
	HyRRV38
	LnegV2
	EARV

	HyRRV46
	
	
	
	
	
	
	
	

	HyRRV109
	55.5
	
	
	
	
	
	
	

	XsRLV3
	44.4
	40.7
	
	
	
	
	
	

	LdisNSV1
	37.6
	38.3
	37.1
	
	
	
	
	

	EctRV
	21.8
	20.5
	21.9
	20.3
	
	
	
	

	HyRRV38
	23.7
	23.0
	20.5
	24.4
	24.6
	
	
	

	LnegV2
	28.4
	24.4
	22.0
	26.8
	28.2
	35.6
	
	

	EARV
	24.2
	23.1
	23.2
	24.5
	27.1
	31.2
	45.0
	










Table 8. Percentage amino acid identities (p-distance) of a CLUSTAL W alignment of alphahymrhavirus L protein sequences.
	
	HyRRV46
	HyRRV109
	XsRLV3
	LdisNSV1
	EctRV
	HyRRV38
	LnegV2
	EARV

	HyRRV46
	
	
	
	
	
	
	
	

	HyRRV109
	64.6
	
	
	
	
	
	
	

	XsRLV3
	50.3
	51.0
	
	
	
	
	
	

	LdisNSV1
	48.0
	48.4
	48.0
	
	
	
	
	

	EctRV
	40.1
	39.7
	40.6
	38.2
	
	
	
	

	HyRRV38
	40.0
	39.8
	40.4
	39.3
	46.9
	
	
	

	LnegV2
	41.6
	41.0
	41.4
	39.2
	48.2
	49.3
	
	

	EARV
	42.1
	40.8
	41.0
	40.0
	47.2
	48.8
	56.7
	



Table 9. Percentage amino acid identities (p-distance) of a CLUSTAL W alignment of alphahymrhavirus G protein sequences.
	
	HyRRV46
	HyRRV109
	XsRLV3
	LdisNSV1
	EctRV
	HyRRV38
	LnegV2
	EARV

	HyRRV46
	
	
	
	
	
	
	
	

	HyRRV109
	41.8
	
	
	
	
	
	
	

	XsRLV3
	25.2
	22.8
	
	
	
	
	
	

	LdisNSV1
	27.1
	24.9
	23.8
	
	
	
	
	

	EctRV
	18.8
	18.9
	20.9
	15.0
	
	
	
	

	HyRRV38
	18.9
	18.5
	17.2
	16.6
	23.7
	
	
	

	LnegV2
	18.5
	17.8
	17.2
	16.9
	21.6
	23.2
	
	

	EARV
	20.3
	18.9
	19.5
	19.1
	23.2
	21.9
	22.3
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 hymenopteran rhabdo-related virus 46 MW314718
 hymenopteran rhabdo-related virus109 MT153372
 Xiangshan rhabdo-like virus 3 OK491501



 Lariophagus distinguendus negative strand RNA virus 1 MW864604
 Wuhan ant virus KM817645



 Ectemnius rhabdovirus BK063699
 hymenopteran rhabdo-related viru 38 MT153454



 Lasius neglectus virus 2 MH477288
 electric ant rhabdovirus OP518027



Alphahymrhavirus



 Atrato rhabdo-like virus 3 MN661034
 Armigeres rhabdo-like virus 2 OQ067688



 San Gabriel mononegavirus BK059423
 Primus virus MN567480
 Xiangyun mono-chu-like virus 4 OL700129



Primrhavirus



 Spodoptera frugiperda rhabdovirus KF947078
 lepidopteran rhabdo-related virus 34 MT153466



Betapaprhavirus



 Tongren rhabd tick virus 1 ON746523
 Yanbian rhabd rick virus 3 ON746524



 black-legged tick rhabdovirus 1 MF360790
 Chimay rhabdovirus MF975531
 Mudanjiang rhabd tick virus 1 ON746525



Betaricinrhavirus



 Shayang fly virus 3 KM817636
 Wuhan house fly virus 2 KM817649



Alphadrosrhavirus



 Diachasmimorpha logicaudata rhabdovirus KP735609
 Apis rhabdovirus 4 MZ822105



 Apis rhabdovirus 5 MZ822106
Gammahymrhavirus



 Hubei rhabdo-like virus 9 KX884448
 Shayang Ascaridia galli virus 2 KX884414



Betanemrhavirus



 Fuyun tick rhabdovirus OP313012
 Tacheng tick virus 7 KM817642



Gammaricinrhavirus



 Wenling crustacean virus 10 KX884450
 Wenling crustacean virus 11 KX884456



Alphacrustrhavirus



 hymenopteran rhabdo-related virus 24 MW039260
 Xiangshan rhabdo-like virus 4 OK491502



 hymenopteran rhabdo-related virus 23 MW314717



Betahymrhavirus



 Guardeloupe culex rhabdovirus MN013386
 Xiangyun mono-chu-like virus 11 OL700136



 Wuhan mosquito virus 9 OL700091
 Elisy virus MW434768
 Stang virus MW434775



Stangrhavirus
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