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	Abstract of Taxonomy Proposal: 

	
Description of current taxonomy:
The class Pisoniviricetes (Riboviria: Orthornavirae: Pisuviricota) currently includes the orders Nidovirales, Picornavirales, and Sobelivirales with 26 families, 161 genera, and 735 species in total.

Proposed taxonomic change(s):
Expansion of the class by 1 new order, 1 new family, 4 new genera and 4 new species.

Demarcation criteria for new taxon/taxa:
We used RNA-directed RNA polymerase (RdRp)-based phylogenetic relationships, genomic organization and conserved proteome content for classification at the order rank. For within-order ranks, we used patristic pairwise distances (PPD) that were calculated using FastTree 2.1.4 SSE3 ML phylogeny based on a multiple sequence alignment of the conserved superfamily 7 helicase (HEL7).

Justification:
Establishment of new taxa at the order and family ranks is based on phylogenetic relationships with established orders of the classes Pisoniviricetes (Nidovirales, Picornavirales, Sobelivirales) and Stelpaviricetes (Patatavirales, Stellavirales) and on encoded protein domain content. Establishment of new taxa at the genus and species ranks is based on distance-based hierarchical classification using DivErsity pArtitioning by hieRarchical Clustering (DEmARC).




	· Text of Taxonomy proposal:  


	
Description of current taxonomy:
The class Pisoniviricetes (Riboviria: Orthornavirae: Pisuviricota) currently includes 3 orders, 8 suborders, 26 families, 33 subfamilies, 161 genera, 84 subgenera, and 735 species. Viruses from this class infect a wide spectrum of eukaryotic hosts.

Proposed taxonomic change(s):
We propose the expansion of the class Pisoniviricetes by 1 new order, 1 new family, 4 new genera, and 4 new species. The exemplar viruses that type the new species are all associated with spider hosts. Their coding-complete genome sequences are reported in [1].

Demarcation criteria for new taxon/taxa:
Demarcation of the order and family ranks was established using RNA-directed RNA polymerase (RdRp)-based phylogenetic relationships with viruses representing there orders of the class Pisoniviricetes and two other orders of the phylum Pisuviricota. In addition, genomic organization and encoded protein domain content was taken into account.

Demarcation at the genus rank was established using coding-complete genome sequences and a thresholds of 0.661 patristic pairwise distance (PPD). PPDs were calculated for amino acid sequences of the superfamily 7 helicase (HEL7) domain that is uniquely conserved in viruses of this order and provided best sampling size compared to RdRp (see below). The PPD genus threshold was chosen by minimizing the optimization criterion, clustering cost (CC), which was zero.

Each genus is represented by a single virus. Consequently, species demarcation criteria could not yet be established.


Justification:
All four viruses classified in this proposal have coding-complete genome sequences and thus qualify for inclusion in the taxonomy. For the phylogenetic analysis conducted in this proposal (see below) we included two additional closely related viruses with partial genome sequences reported in the same study [1]. For the pairwise distance analysis conducted in the proposal (see below) we also included these two additional viruses plus another six viruses with unpublished incomplete genome sequences, to maximize the available virus sampling and assist with choosing demarcation criteria. These six additional quisvirus sequences were assembled from Sequence Read Archive (SRA) datasets DRR297363, DRR296931, DRR297733, DRR297774, DRR297822, and DRR297878 from the 1000 spider silkomes project [2] (manuscript in preparation). Only the four viruses with published coding-complete genome sequences were included in the proposed taxonomy. For the sake of brevity, we refer to all these viruses as “quisviruses” in the following.

Quisviruses form a deep and well-supported branch in the RdRp-based phylogeny including also representatives of five established orders from the phylum Pisuviricota (Figure 1). These orders were included because their members gave significant hits in an initial BLAST search of the identified quisvirus sequences against NCBI GenBank. The quisvirus clade is approximately equidistant to the orders Nidovirales, Picornavirales, and Sobelivirales of the class Pisoniviricetes, as well as at comparable distances to the orders Patatavirales and Stellavirales of the class Stelpavirecetes. All viruses in this analysis , including quisviruses, encode 3C-like protease (3CLpro) and RdRp domains (Figure 2); a syntheny of this pair of replicative enzymes has not been reported for viruses of other orders, including those of the phylum Pisuviricota, and determined the composition of the analyzed dataset.

Quisviruses also share genomic features with nidoviruses: relatively long RNA genomes of 20-22 kb and a genomic organization with overlapping open reading frame (ORF) 1a and 1b and several 3’-proximal ORFs expressed via subgenomic RNAs (Figure 2) [1]. As a unique feature, quisviruses encode a helicase of a novel superfamily 7, HEL7 [1]. Due to the combination of these characteristics, we propose to classify quisviruses as a new order in the class Pisoniviricetes.

The four quisviruses classified here have highly similar genomic organizations (Figure 2) and do not show differences in the content of encoded replicative proteins [1]. Furthermore, the maximum pairwise uncorrected distance in the RdRp and HEL7 protein sequences is 70.1% and 68.2%, respectively. These values are compatible with the intra-family divergence thresholds delineated for the order Nidovirales; see approved taxonomy proposal 2021.005S [3]. Together, these characteristics do not provide evidence for the presence of distinguishing features that would justify the creation of several virus families. A single new virus family is thus proposed.

For demarcation at the genus rank we applied the computational DivErsity pArtitioning by hieRarchical Clustering (DEmARC) framework [4-10] on a HEL7 multiple sequence alignment (MSA) of 12 quisviruses. From this MSA, a maximum likelihood (ML) phylogeny was reconstructed using FastTree 2.1.4 SSE3, and PPD values were obtained from the tree. DEmARC then identifies PPD threshold candidates based on local minima in the CC distribution. An optimal CC of 0 is achieved if all intra- and inter-cluster PPDs, respectively, are smaller and larger than the respective threshold. Based on the DEmARC analysis of the 12 quisviruses, we observed five PPD threshold candidates with CC=0 (Figure 3). We assumed three of these PPD threshold candidates to demarcate species, subgenera, and subfamilies, respectively (none of them was used in this proposal). The two remaining PPD threshold candidates with CC=0 were located in the distance range expected for demarcating taxa at the genus rank, which would result in 6 or 7 clusters. Notably, both of these two PPD thresholds grouped the four published quisviruses with coding-complete genomes into four separate clusters (Figure 3). Therefore, we propose the establishment of four new genera.

Each of the proposed genera is represented by a single virus. Consequently, the four quisviruses with published coding-complete genomes are proposed to type four new species.
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Figure 1. RdRp-based phylogenetic relationships of the proposed order Quisvirales with orders Picornavirales, Nidovirales, Sobelivirales, Patatavirales, and Stellavirales, as well as an unclassified virus (grey). Name abbreviations of classified quisviruses with coding-complete genomes are in red. One representative virus per ICTV-recognized virus family or genus was included in the analysis. Dots at internal branching events indicate SH-like support values larger 0.7; otherwise, no dot is shown. The scale bar is in average number of amino acid substitutions per site. The included quisviruses are: Clubiona zilla quisvirus (ClZiQV; accession: BK083121.1), Haplodrassus kanenoi quisvirus (HaKaQV; BK083122.1), Nephilengys cruentata quisvirus (NeCrQV; BK083120.1), Octonoba sybotides quisvirus (OcSyQV; BK083123.1), Pardosa pseudoannulata quisvirus (PaPsQV; BK083119.1), Strandella quadrimaculata quisvirus (StQuQV; BK083124.1). For established ICTV virus orders, one representative per reference virus family or genus is shown: Solemoviridae (Solemo; Southern bean mosaic virus; NC_004060.2), Barnaviridae (Barna; Mushroom bacilliform virus; NC_001633.1), Alvernaviridae (Alverna; Heterocapsa circularisquama RNA virus; NC_007518.1); Noraviridae (Nora; Nora virus; NC_007919.3), Polycipiviridae (Polycipi; Lasius neglectus virus; NC_035450.1), Secoviridae (Seco; Camellia virus A; NC_077103.1), Solinviviridae (Solinvi; Nylanderia fulva virus 1; NC_030651.1), Picornaviridae (Picorna; Poliovirus; NC_002058.3), Dicistroviridae (Dicistro; Cricket paralysis virus; NC_003924.1), Iflaviridae (Ifla; Deformed wing virus; NC_004830.2), Marnaviridae (Marna; Heterosigma akashiwo RNA virus; NC_005281.1), Caliciviridae (Calici; Norwalk virus; NC_001959.2); Tobaniviridae (Tobani; Breda virus; NC_007447.1), Coronaviridae (Corona; Severe acute respiratory syndrome coronavirus 2; NC_045512.2), Abyssoviridae (Abysso; Aplysia californica nido-like virus; NC_040711.1), Mesoniviridae (Mesoni; Nam Dinh virus; NC_015874.1), Medioniviridae (Medioni; Botrylloides leachii nidovirus; NC_055538.1), Mononiviridae (Mononi; Planarian secretory cell nidovirus; NC_040361.1), Euroniviridae (Euroni; Beihai hermit crab virus 4; NC_032490.1); Roniviridae (Roni; Yellow head virus; NC_043505.1), Gresnaviridae (Gresna; Guangdong greater green snake gresnavirus; NC_046959.1), Cremegaviridae (Cremega; Trionyx sinensis hemorrhagic syndrome cremegavirus; NC_076637.1), Arteriviridae (Arteri; lactate dehydrogenase–elevating virus; NC_001639.1), Olifoviridae (Olifo; Hainan Oligodon formosanus olifovirus; NC_046958.1), Nanghoshaviridae (Nanghosha; Nanhai ghost shark nanghoshavirus; NC_046960.1); Nanhypoviridae (Nanhypo; Wuhan japanese halfbeak nanhypovirus; NC_046957.1); Potyvirus (Poty; Potato virus Y; U09509); Celavirus (Cela; Celery latent virus; MH932227), Arepavirus (Arepa; Areca palm necrotic spindle spot virus; MH330686); Mamastrovirus (Mamastro; Human astrovirus type 1; Z25771); Avastrovirus (Avastro; Avastrovirus 1; Y15936); unclassified (HuPicorna-like; Hubei picorna-like virus 69; NC_033021). 
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Figure 2. Genome maps of the four classified quisviruses. White rectangles are open reading frames (ORFs). The conserved replicative protein domains 3C-like protease (3CLpro), RNA-directed RNA polymerase (RdRp), and superfamily 7 helicase (HEL7) are highlighted by color.
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Figure 3. Intra-group genetic divergence in taxa as inferred by DEmARC. Pairwise patristic distance (PPD) were calculated for amino acid sequences of the order-wide conserved superfamily 7 helicase (HEL7). Four divergence ranges that are demarcated according to PPD thresholds are highlighted with distinct colors: intra-subgenus (green), inter-subgenus intra-genus (blue), inter-genus intra-subfamily (purple), and inter-subfamily (red). PPD thresholds with clustering cost (CC) of 0 are indicated by dashed vertical lines; those in gray are not applied. The genus PPD threshold used for classification in this proposal is highlighted in blue. Shaded colored areas indicate PPD ranges in which the number of clusters under a considered PPD threshold stays constant. For simplicity, identities of clusters at the lowest rank are indicated by virus acronyms (left axis). Viruses with published coding-complete genome sequences that are classified in this proposal are indicated in red; viruses excluded from the final taxonomy are in black. Each of the four quisviruses classified in this proposal falls into a separate genus. Box-and-whisker graphs were used to plot distributions of distances between viruses belonging to the same taxon on the candidate classification level under consideration, but belonging to different taxa on the previous level. The boxes span from the first to the third quartile and include the median (bold line); and the whiskers (dashed lines) extend to the extreme values. No box-and whisker graphs are provided for singleton taxa that include a single virus.
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