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Abstract

	
The creation of a new genus of plant-infecting viruses is proposed. The new genus is named Welwivirus, and includes two new species: Welwivirus welwitschiae and Welwivirus mirabilis. Both viruses have circular, single-stranded DNA genomes that display a geminivirus-like genomic size and organization. The new genus should be classified in the family Geminiviridae, order Geplafuvirales, class Repensiviricetes, phylum Cressdnaviricota, kingdom Shotokuvirae, realm Monodnaviria.



Text of proposal
	
	
Cressdnaviricota is a phylum including viruses that have small, circular, single-stranded DNA (ssDNA) genomes encoding replication-associated proteins with an HUH endonuclease domain and a SH3 superfamily helicase domain [1]. Currently, Cressdnaviricota includes 11 families, three of which, Geminiviridae, Metaxyviridae and Nanoviridae, contain plant-infecting viruses [1]. The family Geminiviridae includes 14 genera [2].  
Here we proposed the creation of a new genus within the family Geminiviridae named Welwivirus, including two new species, i.e. Welwivirus welwitschiae (formerly named Welwitschia mirabilis associated geminivirus A) and Welwitschia mirabilis (formerly named Welwitschia mirabilis associated geminivirus B). Welwitschia mirabilis associated geminivirus A (WMaGVA) and Welwitschia mirabilis associated geminivirus B (WMaGVB), respectively belonging to Welwivirus welwitschiae and Welwitschia mirabilis, have been characterized from mining Welwitschia mirabilis genomic data [3]. Their 2913 and 2912 nt long nucleotide genome sequences share less than 60.5% with all other known geminiviruses within currently established species (Figure 1). WMaGVA and WMaGVB genomes share 77.4% genome-wide pairwise identity with each other; while their capsid proteins aa sequences shared 84.32% identity between each other and their replicases aa sequences shared 87.16% identity between each other. Welwitschia mirabilis associated geminivirus A and Welwitschia mirabilis associated geminivirus B are clearly related to previously recognized geminiviruses, based on genome composition, similarities in the origin of replication (5'- TAATATTAC -3'), and the presence of homologous genes (Figure 2). Additionally, regardless of whether the full genome nucleotide sequence (Figure 3), the inferred replication associated protein (Rep) amino acid sequence (Figure 5), or the inferred CP amino acid sequence (Figure 4) are considered, WMaGVA and WMaGVB group separately from all other geminiviruses, with strong phylogenetic support and, consequently, we propose creating a new genus named Welwivirus to accommodate the highly divergent geminivirus species Welwivirus welwitschiae and Welwivirus mirabilis. While phylogenies based on the full genome nucleotide sequence and inferred replication associated protein (Rep) indicate that WMaGVA and WMaGVB cluster most closely with capulaviruses and topileviruses (Figures 3 and 5), the phylogeny based on inferred coat protein (CP) amino acid sequences shows that WMaGVA and WMaGVB CP´s cluster with the CPs of mastreviruses (Figure 4). The incongruence between the Rep and CP phylogenetic trees suggests that the evolutionary history of WMaGVA and WMaGVB includes a recombination event involving ancestrals of a mastre-like and a capula-like viruses. However, no recombination events were reported for these viruses [3]. This could be the result of long divergence times that erased the evidence of the event or due to the fact that the common ancestor is unknown, either because it has not yet been sampled or because it is extinct.
Recently, 78% identity over the whole genome was used as the species demarcation threshold for members belonging to five recently stablished genera within the family Geminiviridae [4]. Thus, using the same threshold for the proposed genus Welwivirus, WMaGVA and WMaGVB should be classified into two different species.

Derivation of names:
Welwivirus: from Welwitschia
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Figure 1. Pairwise identity matrix inferred using SDT v1.2 [4]
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Figure 2. Genome organization of Welwitschia mirabilis associated geminivirus A (WMaGVA) and Welwitschia mirabilis associated geminivirus B (WMaGVB). The hairpin structure containing the putative viral origin of replication is indicated. 



[image: ]
Figure 3. Unrooted neighbour-joining tree inferred from aligned full-genome nucleotide sequences of representative isolates from the various Geminiviridae genera. Numbers at the branches inform bootstrap values. The bar below each tree represents substitutions per site.
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Figure 4. Unrooted Maximum- likelihood phylogenetic tree, applying the rtREV+G+F+I amino acid substitution models for CP of representative Geminiviridae genera. Numbers at the branches inform bootstrap values. The bar below each tree represents substitutions per site.
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Figure 5. Unrooted Maximum- likelihood phylogenetic tree, applying the rtREV+G+I amino acid substitution models for Rep of representative Geminiviridae genera. Numbers at the branches inform bootstrap values. The bar below each tree represents substitutions per site.
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