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Abstract

	[bookmark: _Hlk61261339]Numerous viruses infecting free-living amoebae have been described in different environments and parts of the world in recent years [1-6]. These viruses are predominantly marked by the large size of their particles, and a genome encoding a high number of proteins, of which many do not have any homologues in current protein sequence databases [3,6]. Recently, we described a new virus infecting free-living amoebae, named the yaravirus, which has a set of features that differ from all other currently known viruses infecting free-living amoebae [6]. Yaravirus is the first viral isolate infecting Acanthamoeba castellanii cultures that potentially does not belong to the nucleocytoplasmic large DNA viruses (NCLDVs). This virus has a dsDNA genome with an outstanding number of ORFans (more than 90%) including novel proteins related to the construction of capsids [6]. The characteristics observed in the yaravirus are unique and prompted us to propose its classification in the ICTV scheme by creation of a new species “Yaravirus brasiliense”, new genus “Yaravirus” and a new viral family “Yaraviridae”. These taxa are included in the Realm Varidnaviria, kingdom Bamfordvirae, due to the presence of a major capsid protein containing a double jelly-roll fold.


Text of proposal
	
	Background and etymology
This virus was isolated from samples of muddy water collected from a creek in the Pampulha lake near city of Belo Horizonte, Brazil, and was named after an important mythological character of the Tupi indigenous tribes (Yara, the mother of waters). 

Virion morphology
The Yaravirus has a small icosahedral capsid measuring about 80 nm in diameter [Figure 1A]. Cryo-electron microscopy images of purified particles suggest that Yaravirus particles present two capsid shells. These particles contain 26 viral proteins, one of which potentially represents a divergent capsid protein with no significant homology to NCLDV major capsid proteins, but with a predicted double jelly roll domain. The Yaravirus shows a difference in size when compared to all other known viruses infecting free-living amoebae, which have large virions [1,4,6]. This suggests that yaraviruses potentially represent the first isolate of a novel group of amoebal viruses isolated from Acanthamoeba castellanii cells.

Host range
The distribution and natural hosts of the Yaravirus still remains uncertain. The Yaravirus was isolated in Acanthamoeba castellanii Neff strain (ATCC 30010) where it induces a rather fastidious decrease in host cell numbers, but is not able to infect and establish a productive cycle in vitro in Acanthamoeba polyphaga or Vermamoeba vermiformis.

Genomic & proteomic features
The Yaravirus has a linear, double-stranded DNA genome of 44,924 bp in size and encoding 74 proteins. GC content of about 57% is one of the highest among the known amoebal viruses. Unlike to what has been observed for some members of the NCDLV group, the genome of the Yaravirus does not seem to be enriched for any sequence motifs that might indicate the presence of a conserved promoter. Yaravirus genome contains a genomic island composed of six tRNAs located between genes 29 and 30, 

The most striking feature, however, is the number of genes with no similarity to sequences available in public databases. Analyses at the nucleotide level showed no recognizable matches in the Yaravirus genome. Amino acid similarities are also low, with only six distant matches (about 25–44% identity) in the nr databases. Proteomic analysis has corroborated these results. The data has shown that Yaravirus virions consist of 26 proteins of which function could be predicted for only five by in silico analyses. This proportion of unrecognizable proteins is still very impressive, reinforcing the idea of the Yaravirus as the first member of a newly-discovered and distinct viral group Interestingly, the yaraviruses seem to be rare in nature. No sequences from the Yaravirus major capsid protein (MCP) were retrieved in a search of 8,535 publicly-available metagenomic data from diverse habitats across our planet.

Phylogenomics
Due to the high number of ORFan genes in the Yaravirus genome, most of its proteins lack the phylogenetic information necessary to incorporate this virus into an existing taxonomical group. 
However, some of its genes still have homology to current databases and may be used in for phylogenetic analyses. For example, gene 02 (nuclease/recombinase) and gene 69 (bifunctional DNA primase/polymerase) group with members of the Eukarya domain [Figure 2 A–B]. For other genes, as gene 46 (hypothetical protein) and 40 (virion packaging ATPase), the yaraviruses seem to be related to sequences found in giant viruses (Marseillevirus strains and the Mimiviridae family, respectively) [Figure 2 C–D]. 
[bookmark: _Hlk65493157]A structure-guided phylogeny was also performed for hits of the Yaravirus MCP protein among 235 NCLDV reference genomes (plus contigs of three Pleurochrysis endemic viruses). The analyses show well-supported clade, consisting of the Yaravirus MCP with metagenomic sequences from the distant Pleurochrysis sp. endemic viruses [Figure 3]. Further analysis searched for further similarities between these viral groups, but only a small number of protein candidates were found, with low percentage identity (around 24 to 33%). 
These results highlight the great differences observed between the Yaravirus and other amoebal viruses, supporting the creation of a novel taxonomic group at the family level in order to classify this unusual virus.
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Fig. 1. (A) Transmission electron microscopy (TEM) of a Yaravirus virion. (B) TEM showing Yaravirus particles attached to the outside part of the host cell membrane, and (C) during endocytosis. (D) Yaravirus particles incorporated by the amoeba inside an endocytic vesicle. (E) Yaravirus particles may occur individually in the interior of endocytic vesicles, as observed in this micrograph, or (F) grouped inside endocytic vesicles. (G) Cytoplasm of the host cell showing mitochondrial recruitment while the viral factory develops. (H) Mature Yaravirus particles being packaged inside vesicle-like structures at a late stage of infection, suggesting exocytosis as a mechanism for the release of the virions.


[image: ]


Fig. 2. Maximum likelihood phylogenetic trees of the Yaravirus genes that presented homology to other amino acid sequences in current databases. (A) Predicted exonuclease/recombinase, (B) bifunctional DNA primase/polymerase, (C) a hypothetical protein, and (D) virion packaging ATPase. The Yaravirus is highlighted in blue and branch support is shown as coloured circles.
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Fig. 3. A structure-guided phylogeny performed on hits of the Yaravirus putative MCP protein among 235 NCLDV reference genomes (plus contigs of three Pleurochrysis endemic viruses) using hidden Markov models. The Yaravirus is highlighted in blue and branch support is shown as coloured circles.
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