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Abstract
	Family Closteroviridae currently comprises a total of 59 recognized species of viruses characterized by filamentous flexible virions and positive-sense RNA genomes of 14-19 kb in size. Fifty-two species are classified in one of the four currently accepted genera (Ampelovirus, Closterovirus, Crinivirus and Velarivirus), while seven are currently unassigned species in the family. In order to address the recent Executive Committee recommendation to address status of ‘unclassified species in the family” across the ICTV classification system, here we propose to create three new genera (“Bluvavirus”, “Menthavirus” and “Olivavirus”) to classify five currently unclassified species and to abolish two species with no clear record in scientific literature that would justify their further consideration as a part of this family. 






Text of proposal
	
	Family Closteroviridae comprises plant viruses with long, filamentous particles (650–2,200 nm in length) and large positive-sense, mono-, bi- or tripartite positive-sense RNA genomes (13-19 kb in size). Currently there are 59 recognized species in the family, of which 52 are classified in one of the four existing genera (Ampelovirus, Closterovirus, Crinivirus and Velarivirus), while seven are still unassigned in the family. 

All the members of the family share several common features in genome organization and mechanism of gene expression. Briefly, ORFs 1a and 1b universally encode the replication-related polyprotein, containing conserved functional domains of methyltransferase (MTR), helicase (Hel) and RNA-directed RNA polymerase (RdRP). The genomes of most members also contain conserved five-gene module which encode, in a 5′ to 3′ direction, a 6 kDa small hydrophobic protein, HSP70h, a ~60 kDa protein, as well as a major coat protein (CP) and a coat protein minor (CPm, Dolja et al, 2006), except in a subset of ampeloviruses that apparently lack the CPm.

The genus demarcation criteria in the family include phylogenetic relationships in the RdRP, CP, HSP70h amino acid (aa) sequences, the specific insect vectors, the number of genomic RNAs, number and organization of ORFs and virion length. 

Results of a recent comprehensive examination of the overall ICTV classification system identified rank of “unclassified species in the family” as untenable and recommended their thorough examination and reclassification either by moving in existing or newly created taxa (genera) or by abolishing. Accordingly, we examined the current status of knowledge on members of seven currently unassigned species and propose:

1. To abolish two unassigned species:  Aligatorweed stunting virus and Megakeplasma mosaic virus due to lack of peer-reviewed literature that sufficiently describe properties of member viruses to support their further classification in this family
2. To create three new genera to classify five unassigned species based on their well-documented molecular properties and evolutionary histories of the three proteins used for classification of closterovirids (HSP70h, RdRP and CP).

New genus “Olivavirus” 
We propose the establishment of a new genus to embrace three unassigned species: Olive leaf yellowing-associated virus, Actinidia virus 1 and Persimmon virus B. The complete or coding-complete genome sequences of homonymous member viruses (olive leaf yellowing-associated virus, OLYaV; actinidia virus 1, AcV1; persimmon virus B, PeVB) have been available for some time (Blouin et al., 2018; Ito et al., 2015; Ruiz-García et al., 2020). Genome sequence analyses strongly support retention of all three viruses in the family Closteroviridae. Indeed, viruses belonging to these three species share some unique properties such as presence of an ORF coding for a thaumatin-like protein – a feature not reported in other closterovirids. The position of thaumatin-coding ORF can vary according to viruses. In OLYaV it is located immediately downstream of RdRP-coding ORF1b (Figure 1), while in isolates of PeVB and AcV1 it precedes the CP ORF. Furthermore, members of the three species lack the ORF coding for possible CPm (Figure 1). Finally, the phylogenetic analyses of three taxonomically-relevant products revealed their close relationships, as they group together forming an independent and well-supported clade distinct from those corresponding to four existing genera (Figure 2 and Ruiz-Garcia et al., 2020). 



New genus “Bluvavirus” 
This genus is proposed to home blueberry virus A (BVA; species Blueberry virus A; unassigned in the family Closteroviridae) originally reported from a symptomless highbush blueberry (Vaccinium corymbosum) cv Spartan in Japan (Isogai et al., 2013). The complete genome of the original isolate is 17,798 nucleotide (nt) in size and contains 10 ORFs coding for the hallmark closterovirid proteins (as explained above) and, noticeably, lacking an ORF coding for diverged copy of the coat protein (CPm) (Figure 1). Percentage identities of encoded proteins between BVA and other members in the family did not exceed 20% in case of CP and 28% for HSP70h. RdRP resulted to be the most conserved protein encoded by BVA as it shared identities ranging from 34% (PMWaV-1; genus Ampelovirus) to 61% (RLMV; genus Closterovirus). In phylogenetic analyses BVA belongs to a distinct lineage within the family, most closely related to “olivaviruses”.

New genus ”Menthavirus” 
The new genus is proposed to classify a virus with unique properties originally identified more than 15 years ago from Mentha x gracilis ‘Variegata’ mint plants exhibiting bright vein-banding symptoms (Tzanetakis et al, 2005). Putative clostero-like particles of approximately 1,500 x 12 nm in size were present in negatively-stained partially purified preparations from symptomatic mint plants. Mint aphids (Ovatus crataegarius), was capable of transmitting the virus after being given at least a 72-h acquisition access period and an inoculation access period of 72-h. Initial partial data on the genome organization (approximately 8 kb) were generated by random-primed cloning and Sanger sequencing of reverse-transcribed dsRNAs. The initial data were then confirmed and extended by applying HTS sequencing to a total of 13.4 kb considered to represent the near-complete MVBaV genome (Ho and Tzanetakis, 2014). Phylogenetic analyses of the viral RdRP and HSP70h proteins shows distinct placement of MVBaV within the family (see Figure 2 and see Figure 7 in Garcia-Ruiz et al., 2020), thus justifying creation of a novel genus. 

Etymology: 
“Menthavirus” and “Olivavirus” names derive from the Latin common names of hosts to members viruses (i.e. “mentha” and “oliva” for mint and olive, respectively) followed by “virus”. “Bluvavirus” derives from a combination of letters from the virus name (blueberry virus A) followed by a suffix “virus”. 
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Figure 1. Schematic representation of the genome organization of blueberry virus A (BVA), olive leaf yellowing-associated virus (OLYaV) and mint vein banding-associated virus, proposed to typify new genera “Bluvavirus”, “Olivavirus” and “Menthavirus”, respectively. Boxes represent predicted open reading frames (ORFs) with corresponding functional domains or molecular masses of protein products indicated inside or nearby. Gene products with conserved similar functions among different viruses are colored with the same color. The replication-associated proteins are shown in light blue with conserved L-leader papain-like protease (L-Pro), methyltransferase (MTR), helicase (Hel), and RNA-dependent RNA polymerase (RdRP) domains. Small transmembrane proteins (p6 or p7) are shown in yellow, the heat shock protein 70 homologs (HSP70h) and p60 proteins in shades of pink, while coat protein (CP) is colored green. Protein p21 containing thaumatin-like domain, encoded by OLYaV ORF2 is depicted in marine blue. Proteins with yet unknown function encoded by the 3’-proximal ORFs in the genomes of all three viruses are shaded grey. Picture is not to scale. 
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Figure 2. Phylogenetic tree showing the reorganized family Closteroviridae. A maximum-likelihood phylogenetic tree was constructed on the complete multiple amino acid sequence alignment (MAFFT) using IQ-TREE v 1.6.11 (Nguyen et al., 2015) with the 1,000 replicates ultrafast bootstrap (Hoang et al, 2017) under best-fit model “LG+F+I+G4” as estimated by ModelFinder (Kalyaanamoorthy et al., 2017) and visualized with iTOL v6.1.2 The GenBank accession numbers of HSP70h proteins used for analyses are indicated at the tips of branches. Full names and acronyms of viruses included in the analyses are: actinidia virus 1 (AcV-1), air potato ampelovirus 1 (AiPoV-1), areca palm velarivirus 1 (ArPV1), arracacha virus 1 (AV-1), bean yellow disorder virus (BYDV), beet pseudoyellows virus (BPYV), beet yellow stunt virus (BYSV), beet yellows virus (BYV), blackcurrant closterovirus 1 (BCCV1), blackberry vein banding-associated virus (BVBaV), blackberry yellow vein-associated virus (BYVaV), blueberry virus A (BVA), carnation necrotic fleck virus (CNFV), carrot closterovirus 1 (CtCV1), carrot yellow leaf virus (CYLV), citrus tristeza virus (CTV), cordyline virus 1 (CoV-1), cordyline virus 2 (CoV-2), cordyline virus 3 (CoV-3), cordyline virus 4 (CoV-4), cucurbit yellow stunting disorder virus (CYSDV), diodia vein chlorosis virus (DVCV), grapevine leafroll-associated virus 1 (GLRaV-1), grapevine leafroll-associated virus 2 (GLRaV-2), grapevine leafroll-associated virus 3 (GLRaV-3), grapevine leafroll-associated virus 4 (GLRaV-4), grapevine leafroll-associated virus 7 (GLRaV-7), grapevine leafroll-associated virus 13 (GLRaV-13), lettuce chlorosis virus (LCV), lettuce infectious yellows virus (LIYV), little cherry virus 1 (LChV-1), little cherry virus 2 (LChV-2), Malus domestica virus A (MdoVA), mint vein banding-associated virus (MVBaV), mint virus 1 (MV-1), persimmon virus B (PeBV), pineapple mealybug wilt-associated 1 (PMWaV-1), pineapple mealybug wilt-associated 2 (PMWaV-2), pineapple mealybug wilt-associated 3 (PMWaV-3), pistachio ampelovirus A (PAVA), plum bark necrosis stem pitting-associated virus (PBNSPaV), raspberry leaf mottle virus (RLMoV), Rehmannia virus1 (ReV-1), rose leaf rosette-associated virus (RLRaV), strawberry chlorotic fleck-associated virus (SCFaV), potato yellow vein virus (PYVV), strawberry pallidosis-associated virus (SPaV), sweet potato chlorotic stunt virus (SPCSV), tetterwort vein chlorosis virus (TwVSV), tobacco virus 1 (TV1), tomato chlorosis virus (ToCV), tomato infectious chlorosis virus (TICV) and yam asymptomatic virus 1 (YaV1). The heat shock protein 70 from Arabidopsis thaliana (AEE75218) was used as outgroup. Presence of red dot on branching point indicates bootstrap support of >95%. Names of the three new proposed genera are in red font. For trees concerning RdRP- and CP-based phylogeny (with topologies similar to HSP70h tree), please check Figures 7 and 10 in Ruiz-Garcia et al., 2020. 
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