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Abstract

	The new genus Alphapaprhavirus is proposed to accommodate three currently unassigned rhabdoviruses that have been detected in lepidopteran insects (butterflies, moths).
The viruses will be assigned to two new species within the new genus: Pararge alphapaprhavirus and Hubei alphapaprhavirus. Each member virus was detected by metagenomic sequence analysis. No virus isolates are available at this time.


Text of proposal
	
	Viruses to be assigned to the new genus

Pararge aegeria rhabdovirus (PAeRV) was detected in a laboratory population of butterflies (Pararge aegeria) in Belgium, in 2013 [3]. The near-complete genome sequence (13,062 nt) of the virus has been determined, including complete coding sequences but incomplete 3' and 5' termini [3]. We propose to assign PAeRV to the new species Pararge alphapaprhavirus.

Lepidopteran rhabdo-related virus OKIAV-12 was detected as a sequence read in the transcriptome of butterflies (Pararge aegeria) collected in North Rhine-Westphalia, Germany, in 2011 [1]. OKIAV-12 is the number assigned to the assembled genome. The near-complete genome sequence (13,045 nt) of the virus has been determined, including complete coding sequences but incomplete 3' and 5' termini [1]. Based on the very high levels of amino acid sequence identity (Tables 1-3), we consider OKIAV-12 to be a naturally circulating variant of PAeRV which had been reported previously [3].

Hubei lepidoptera virus 2 (HbLV-2; strain LCM101902) was detected in insects (Lepidoptera) collected in Hubei Province, China, in 2013 [6]. The near-complete genome sequence (13,109 nt) has been determined, including complete coding sequences but incomplete 3' and 5' termini [6]. We propose to assign HbLV-2 to the new species Hubei alphapaprhavirus.

Genome organisations

Alphapaprhavirus genomes contain the four canonical rhabdovirus structural protein genes (N, P, M, and L) and two genes encoding class I transmembrane glycoproteins (G1 and G2) (Figure 1, Figure 2). 

A Clustal X alignment indicates that alphapaprhavirus G1 and G2 proteins are similar in structure and length, and share identifiable sequence identity, with each containing all 12 conserved cysteine residues that in vesicular stomatitis Indiana virus (VSIV) form six disulphide bonds in the folded protein (Figure 2). The G1 proteins have four additional cysteine residues (a, b, c and d in Figure 2), that are likely to form two additional disulphide bonds in the ‘stalk’ region of the glycoproteins; two of these cysteine residues (c and d in Figure 2) also occur in G2. The similarities in structure indicate that G1 and G2 are likely to have arisen by gene duplication and it is not possible on the available evidence to determine whether either or both proteins is functionally homologous to the G proteins of other rhabdoviruses. Consecutive class I transmembrane glycoprotein genes also occur in the genomes of other rhabdoviruses assigned to other genera, i.e., ephemeroviruses and Ngaingan virus (species Ngaingan hapavirus), but these are phylogenetically distant from the alphapaprhaviruses.

Phylogeny and amino acid sequence relationships

Based on ML trees generated from complete L protein sequences, alphapaprhaviruses form a well-supported monophyletic clade that is distinct from all currently assigned genera and other currently unassigned rhabdoviruses (Figure 3). 

Amino acid sequence divergence between PAeRV and HbLV-2 in pair-wise alignments (p-distances) are 51.5% in the N protein, 30% in the G1 protein and 59.5% in the L protein (Tables 1-3).

Other related viruses

a. Two other rhabdoviruses that were detected in lepidopterans appear to be related to the alphapaprhaviruses.

Gata virus (GATV; strain M4) was detected in a moth (Orgyia pseudotsugata) collected in Washington State, USA, in 2016 [4]. The near-complete genome sequence (11,238 nt) has been determined, including complete coding sequences but incomplete 3' and 5' termini [4].

Orgi virus (ORGIV; strain SP1) was detected in a moth (Orgyia pseudotsugata) collected in Washington State, USA, in 2016 [4]. The near-complete genome sequence (11,308 nt) has been determined, including complete coding sequences but incomplete 3' and 5' termini [4].

GATV and ORGIV have been excluded from the genus at this time due to poor bootstrap support for the node linking them to PAeRV and HBLV-2 (Figure 3). GATV and ORGIV also lack the gene encoding a second class I transmembrane glycoprotein (G2).

b. Three other viruses detected in insects also appear to be related to the alphapaprhaviruses.

Tetrastichus brontispae RNA virus 1 (TbRV-1) was detected in 2017 in a colony of wasps (Tetrastichus brontispae) reared in Fujian Province, China [5]. The near-complete genome sequence (12,165 nt) has been determined, including complete coding sequences but incomplete 3' and 5' termini [5].

Wuhan insect virus 7 (WhIV-7) was detected in aphids (Hyalopterus pruni) collected in 2013 in Hubei Province, China [2]. The near-complete genome sequence (11,165 nt) has been determined, including complete coding sequences but incomplete 3' and 5' termini [2].

Hubei dimarhabdovirus 2 (HbDRV-2) was detected in 2013 in insects of the order Odonta (dragonflies, damselflies) in Hubei Province, China [6]. The near-complete genome sequence (11,332 nt) has been determined, including complete coding sequences but incomplete 3' and 5' termini [6].

TbRV-1, WhIV-7 and HbDRV-2 have not been classified at this stage due to the diversity of insect hosts in which they were detected and as bootstrap support for the node linking them to the clade of lepidopteran viruses is poor.

It is anticipated that the detection of additional related rhabdoviruses in the future may provide a clearer basis for the classification of these five viruses.

Species demarcation criteria

Viruses assigned to different species within the genus Alphapaprhavirus have several of the following characteristics: A) minimum amino acid sequence divergence of 5% in N proteins; B) minimum sequence divergence of 10% in the L proteins; C) minimum amino acid sequence divergence of 15% in G1 proteins; D) significant differences in genome organisation 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.

PAeRV and HbLV-2 meet demarcation criteria A, B, C and F.

Derivation of the genus name
Alphapaprhavirus is derived from the alpha group of lepidopteran (papilionem, latin butterfly) rhabdoviruses. [A beta group of lepidopteran rhabdoviruses may be the subject of a future proposal.]

Type species
Pararge alphapaprhavirus is designated as the type species of the genus as Pararge aegeria rhabdovirus was the first of proposed members of the genus to have been reported.
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Figure 1. Alphapaprhavirus genome organisations. Each genome contains N, P, M and L genes corresponding to those of other rhabdoviruses and two genes (G1 and G2) encoding encoding class I transmembrane glycoproteins. Each glycoprotein is structurally homologous to the G proteins of other rhabdoviruses.
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Figure 2. A Clustal X alignment of the VSIV G protein with the alphapaprhavirus G1 and G2 proteins. Conserved cysteine residues in the VSIV G protein are marked (CI-CXII) as are other cysteine residues (a-d) that may form additional disulphide bonds. The HbLRV-2 G2 protein contains an apparently unpaired cysteine residue in the ectodomain.
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Figure 3.  The evolutionary history was inferred from a Clustal W alignment of 175 complete L protein sequences of 167 animal rhabdoviruses currently assigned or recently proposed for assignment to species, two proposed members of the genus Alphapaprhavirus (PAeRV and HbLV-2), a virus considered a variant of PAeRV (OKIAV-12 and five other related rhabdoviruses (Gata virus, Orgi virus, Wuhan insect virus 7, Hubei dimarhabdovirus 2 and Tetrastichus brontispae RNA virus 1). Phylogenetically informative sites were selected from the alignment using Gblocks resulting in 957 positions in the final dataset. The tree was inferred in MEGA7 by using the Maximum Likelihood method based on the Whelan and Goldman + Freq. model. The tree with the highest log likelihood (-147281.07) 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 value. 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.

Table 1. Percentage amino acid sequence identities (p-distance) of a CLUSTAL W alignment of alphapaprhavirus N proteins.
	
	PAeRV
	OKIAV12
	HbLV-2

	PAeRV
	
	
	

	OKIAV12
	100
	
	

	HbLV-2
	51.5
	51.5
	



Table 2. Percentage amino acid sequence identities (p-distance) of a CLUSTAL W alignment of alphapaprhavirus G1 proteins.
	
	PAeRV
	OKIAV12
	HbLV-2

	PAeRV
	
	
	

	OKIAV12
	98.7
	
	

	HbLV-2
	30.0
	30.0
	



Table 3. Percentage amino acid sequence identities (p-distance) of a CLUSTAL W alignment of alphapaprhavirus L proteins.
	
	PAeRV
	OKIAV12
	HbLV-2

	PAeRV
	
	
	

	OKIAV12
	99.1
	
	

	HbLV-2
	59.5
	59.7
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