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Abstract
	Viruses classified in the family Rhabdoviridae infect vertebrates, invertebrates, and plants. Nine new plant-infecting rhabdoviruses were discovered recently and their complete or coding-complete genome sequences were determined. This proposal aims to classify taxonomically these viruses in nine new species in the genus Varicosavirus.


Text of proposal
		We propose the taxonomic classification of nine novel plant-infecting rhabdoviruses in nine new species in the established genus Varicosavirus in the subfamily Betarhabdovirinae, family Rhabdoviridae: 

1) Allium angulosum virus 1 (AAnV1) was identified during an in silico analysis of transcriptome data of mouse garlic (Allium angulosum L.) tissues from Brno, Czech Republic. The AAnV1 genome is bi-segmented with a coding-complete genome (CCG) RNA1 of 6679 nucleotides and RNA2 of 4560 nucleotides (GenBank #BK059208 and BK059209) [1]. RNA1 contains one large ORF for the large  protein (L), whereas RNA2 contains three ORFs (Figure 1). The nucleotide sequence of AAnV1 L has the highest sequence identity with that of Brassica rapa virus 1 (BrRV1; 61.61%) (Table 1). Based on ML trees generated from complete L sequences, AAnV1 is placed within a subclade of varicosaviruses with BrRV1 and red clover-associated varicosavirus (Figure 2).

2) Brassica rapa virus 1 (BrRV1) was identified during an in silico analysis of transcriptome data of bok choy (Brassica rapa subsp. chinensis L.) tissues from Guangdong, China. The BrRV1 genome is bi-segmented with a coding-complete genome (CCG) RNA1 of 6397 nucleotides and RNA2 of 4068 nucleotides (GenBank #BK014310 and BK014311) [1]. RNA1 contains one large ORF encoding L, whereas RNA2 contains three ORFs (Figure 1). The nucleotide sequence of BrRV1 L has the highest sequence identity with that of red clover-associated varicosavirus (RCaVV; 63%) (Table 1). Based on ML trees generated from complete L sequences, BrRV1 forms a well-supported clade with the varicosavirus RCaVV (Figure 2). 

3) Lolium perenne virus 1 (LoPV1) was identified during an in silico analysis of transcriptome data of perennial ryegrass (Lolium perenne L.) tissues from Store Heddinge, Denmark. The LoPV1 genome is bi-segmented with a coding-complete genome (CCG) RNA1 of 6302 nucleotides and RNA2 of 4167 nucleotides (GenBank #BK014312 and BK014313) [1]. RNA1 contains one large ORF encoding L, whereas RNA2 contains three ORFs (Figure 1). The nucleotide sequence of LoPV1 L has the highest sequence identity with that of Alopecurus myesuroides varicosavirus 1 (AMVV1; 70.07%) (Table 1). Based on ML trees generated from complete L sequences, LoPV1 forms a well-supported clade with the varicosavirus AMVV1 (Figure 2). 

4) Melampyrum roseum virus 1 (MelRoV1) was identified during an in silico analysis of transcriptome data of Asian cow-wheat (Melampyrum roseum Maxim) tissues from Kanagawa, Japan. The MelRoV1 genome is bi-segmented with a coding-complete genome (CCG) RNA1 of 6409 nucleotides and RNA2 of 5288 nucleotides (GenBank #BK014314 and BK014315) [1]. RNA1 contains one large ORF encoding L, whereas RNA2 contains four ORFs (Figure 1). The nucleotide sequence of MelRoV1 L has the highest sequence identity with that of Zostera-associated varicosavirus 1(ZaVV1; 62.11%) (Table 1). Based on ML trees generated from complete L sequences, MelRoV1 is placed within a subclade of varicosaviruses with morning glory varicosavirus, Vitis varicosavirus and ZaVV1 (Figure 2). 

5) Morning glory varicosavirus (MGVV) was identified in tall morning glory plants (Ipomoea purpurea (L.) Roth) from Henan, China. The MGVV genome is bi-segmented with a complete genome (CG) RNA1 of 6365 nucleotides and RNA2 of 4635 nucleotides (GenBank #MW922438 and MW922439) [2]. RNA1 contains one large ORF encoding L, whereas RNA2 contains four ORFs (Figure 1). The nucleotide sequence of MGVV L has the highest sequence identity with that of Zostera-associated varicosavirus 1(ZaVV1; 62.05%) (Table 1). Based on ML trees generated from complete L sequences, MGVV is placed within a subclade of varicosaviruses with Melampyrum roseum virus 1, Vitis varicosavirus, and ZaVV1 (Figure 2).

6) Pinus flexilis virus 1 (PiFleV1) was identified during an in silico analysis of transcriptome data of limber pine (Pinus flexilis E. James) from Oregon, USA. The coding-complete genome (CCG) sequence of PiFleV1 has 11,740 nucleotides (GenBank #BK014316) [1], and contains five ORFs (Figure 1). The PiFleV1 is unique among the varicosaviruses in terms of genome organization, since its genome is unsegmented, a characteristic that differs from all other known varicosaviruses, which have bi-segmented genomes [1].  The nucleotide sequence of PiFleV1 L protein has the highest sequence identity with that of Lolium perenne virus 1 (59.86%) (Table 1). Based on ML trees generated from complete L sequences, PiFleV1 forms a well-supported clade with other varicosaviruses (Figure 2).
 
7) Vitis varicosavirus (VVV) was identified in crimson glory vine plants (Vitis coignetiae Pulliat ex Planch) from Hokkaido, Japan. The VVV genome is bi-segmented with a coding-complete genome (CCG) RNA1 of 6450 nucleotides and RNA2 of 5535 nucleotides (GenBank #LC604719 and LC604720) [3]. RNA1 contains one large ORF encoding L, whereas RNA2 contains five ORFs (Figure 1). The nucleotide sequence of VVV has the highest sequence identity with that of Zostera-associated varicosavirus 1 (ZaVV1; 62.57%) (Table 1). Based on ML trees generated from complete sequences, VVV is placed within a subclade of varicosaviruses with Melampyrum roseum virus 1, morning glory varicosavirus, and ZaVV1 (Figure 2).

8) Xinjiang varicosavirus (XVV) was identified from soil samples collected in Xinjiang, China. The XVV genome is bi-segmented with a coding-complete genome (CCG) RNA1 of 6729 nucleotides and RNA2 of 5849 nucleotides (GenBank #MW897032 and MW897033) [4]. RNA1 contains one large ORF encoding L, whereas RNA2 contains five ORFs (Figure 1). The nucleotide sequence of XVV L has the highest sequence identity with that of lettuce big vein-associated virus (LBVaV; 66.45%) (Table 1). Based on ML trees generated from complete L sequences, XVV forms a well-supported clade with the varicosavirus LBVaV (Figure 2).

9) Zostera-associated varicosavirus 1 (ZaVV1) was identified during an in silico analysis of transcriptome data of common eelgrass (Zostera marina L.) tissues from Shandong, China. The ZaVV1 genome is bi-segmented with a coding-complete genome (CCG) RNA1 of 6632 nucleotides and RNA2 of 4304 nucleotides (GenBank #BK014484 and BK014485) [5]. RNA1 contains one large ORF encoding L, whereas RNA2 contains four ORFs (Figure 1). The nucleotide sequence of ZaVV1 L has the highest sequence identity with that of Vitis varicosavirus (VVV; 62.57%) (Table 1). Based on ML trees generated from complete L sequences, ZaVV1 is placed within a subclade of varicosaviruses with Melampyrum roseum virus 1, morning glory varicosavirus and VVV (Figure 2).

Current species demarcation criteria proposed for the genus Varicosavirus by the ICTV Rhabdoviridae Study Group are:
Viruses assigned to different species within the genus Varicosavirus have several of the following characteristics: A) the nucleotide sequence identity of complete genomes is lower than 75%; B) they occupy different ecological niches as evidenced by differences in hosts and/or chytrid vectors; and C) they can be clearly distinguished in serological tests or by nucleic acid hybridisation.

AAnV1, BrRV1, LoPV1, MelRoV1, MGVV, PiFleV1, VVV, XVV, and ZaVV1 meet criteria A and B. Consequently, we propose to classify AAnV1, BrRV1, LoPV1, MelRoV1, MGVV, PiFleV1, VVV, XVV, and ZaVV1 into nine new species













Supporting evidence

Table 1. Varicosavirus L ORF Percent Identity Matrix - created by SDT v1.2

	Virus
	AAnV1
	AMVV1
	BrRV1
	LBVaV
	LoPV1
	MelRoV1
	MGVV
	PiFleV1
	RCaVV
	VVV
	XVV
	ZaVV1

	AAnV1
	100
	
	
	
	
	
	
	
	
	
	
	

	AMVV1
	59.54
	100
	
	
	
	
	
	
	
	
	
	

	BrRV1
	61.61
	59.09
	100
	
	
	
	
	
	
	
	
	

	LBVaV
	57.51
	59.05
	57.94
	100
	
	
	
	
	
	
	
	

	LoPV1
	60.57
	70.07
	60.38
	60.31
	100
	
	
	
	
	
	
	

	MelRoV1
	60.53
	59.80
	60.96
	57.58
	60
	100
	
	
	
	
	
	

	MGVV
	59.75
	60.27
	60.53
	59.71
	59.17
	61.84
	100
	
	
	
	
	

	PiFleV1
	58.94
	59.04
	58.37
	58.93
	59.86
	57.86
	57.77
	100
	
	
	
	

	RCaVV
	60.61
	60.67
	63
	58.81
	60.64
	59.57
	59.88
	59.84
	100
	
	
	

	VVV
	60.6
	58.38
	59.22
	58.73
	58.00
	61.52
	61.26
	58.00
	59.68
	100
	
	

	XVV
	58.35
	58.54
	58.64
	66.45
	59.38
	59.48
	60.14
	59.19
	58.49
	59.02
	100
	

	ZaVV1
	59.41
	59.65
	59.7
	57.97
	60.36
	62.11
	62.05
	58.57
	60.20
	62.57
	59.67
	100



Virus name abbreviations: Allium angulosum virus 1 (AAnV1), Allopecurus myesuroides varicosavirus 1 (AMVV1), Brassica rapa virus 1 (BrRV1), lettuce big vein-associated virus (LBVaV), Lolium perenne virus 1 (LoPV1), Melampyrum roseum virus 1 (MelRoV1), morning glory varicosavirus (MGVV), Pinus flexilis virus 1 (PiFleV1), red clover-associated varicosavirus (RCaVV), Vitis varicosavirus (VVV), Xinjiang varicosavirus (XVV) and Zostera-associated varicosavirus (ZaVV1).
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Figure 1. Genome graphs depicting architecture and gene products of viruses proposed to be included in species within genus Varicosavirus. Abbreviations: N: nucleoprotein; P2: protein 2; P3: protein 3; P4: protein 4; P5: protein 5; L: large protein. Virus name abbreviations: Allium angulosum virus 1 (AAnV1), Brassica rapa virus 1 (BrRV1), Lolium perenne virus 1 (LoPV1), Melampyrum roseum virus 1 (MelRoV1), morning glory varicosavirus (MGVV), Pinus flexilis virus 1 (PiFleV1), Vitis varicosavirus (VVV), Xinjiang varicosavirus (XVV) and Zostera-associated varicosavirus (ZaVV1).
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Figure 2. A Maximum Likelihood (ML) phylogenetic tree of plant-infecting rhabdovirus L protein sequences. Amino acid sequences were aligned using MUSCLE. The resulting alignment was used to generate a phylogenetic tree using MegaX with the best-fit model LG + G + I +F. Nine viruses potentially belonging to the new species are indicated with green squares. Numbers at the nodes indicate bootstrap support (1000 replicates).
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