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Abstract
	The recent discovery of nucleus-forming phages has prompted many questions as to how widespread their unique replication strategy may be and whether these phages are phylogenetically related. The initial discovery of the phage nucleus was made in phages related to PhiKZ (binomial classification: Phikzvirus phiKZ) [1, 2], but more and more examples of diverse nucleus-forming phages are being characterized each year (PCH45 (no binomial classification) [3], Goslar (Goslarvirus goslar) [4], and RAY (Agricanvirus ray) [5]). To determine whether nucleus-forming phages share a common ancestry, we analyzed their phylogeny and compared their genomes. We found that they are indeed related and share a core genome. Based on this core genome and phylogenetic data, we propose that the nucleus-forming phages belong to a viral family which we call Chimalliviridae after the major phage nuclear shell protein (chimallin) that is part of the core genome these phages all share.


	
Text of proposal
	The main defining characteristics of the proposed family Chimalliviridae are that the members of this group encode a shared core genome, and they cluster together in a monophyletic clade in trees made using whole genome data [5]. The core genome and phylogenetic clustering are described in more detail below.

The etymology of “Chimalliviridae” is from “chimallin” which is the major protein important for phage nucleus formation [6] and the unique phage replication mechanism currently characterized members of this group exhibit [1–5]. The name “chimallin” itself is derived from “chīmalli” (pronounced “chee-MAL-ey”), the ancient Aztec shield [6, 7], due to its role in protecting phage DNA from host defenses [3, 8, 9].






Supporting evidence
Rationale
With more and more work focusing on a group of phages known as the nucleus-forming “jumbo” phages in recent years, some researchers have proposed that these phages may belong to a distinct family. It has been difficult to differentiate work on nucleus-forming phages from work on canonically replicating large-genome phages as these groups of phages have all been colloquially referred to as “jumbo phages” due to the average sizes of their genomes being over 200kb. Since phages with genome sizes over 200kb are genetically diverse and clearly not one related group, we are seeking to provide some organization to this field by using what we know about nucleus-forming phages to propose the existence of a new viral family that we call Chimalliviridae.
Initial research revealed that nucleus-forming phages encode a major nuclear shell protein that makes up the phage nucleus [1–3] which was later characterized [6, 10] and found in diverse phages to assemble into similar lattice structures surrounding the phage genome during the replication cycle [4–6]. This protein is known as chimallin or ChmA [6]. At first, we suspected that chimallin would be widespread among unrelated phages, similar to phage-encoded tubulin PhuZ or multi-subunit RNA polymerases [11]. However, when we used PSI-BLAST to identify phages with homologs of chimallin, all phage encoding homologs of this protein were found to cluster together in whole-genome trees created with VICTOR [12] (Figure 1) and forms one monophyletic clade when compared with all phages available in the database used by ViPTree [13] (Figure 2).

Phylogenetic Analysis and Core Genome Determination
The phylogenetic clustering of all phages encoding chimallin homologs made us wonder if the diverse nucleus-forming phages that have been studied so far represent just a subset of a viral family that might use this same phage replication strategy. We used PSI-BLAST to identify homologs of every gene in the genomes of these phages and discovered that there are 72 genes from Agricanvirus ray (common name: RAY) conserved in 90% of these phages, from which we can start to identify a shared core genome [5]. We began our work with RAY because it is genetically divergent from the well-studied PhiKZ-like viruses, and we wanted to avoid any bias that may come from starting with a known group of related nucleus-forming phages. The core genome we identified consists of 68 non-homologous genes that are found in seven distinct blocks throughout the genomes of the phages we analyzed [5]. These blocks are encoded in the same order in these phages’ genomes, showing that members of this clade share conserved genome organization. Looking into these core genes further, we found that 21 of them are unique to the proposed family Chimalliviridae, and we speculate that these 21 genes are important for replicating via the phage nucleus pathway, although since these genes have unknown functions, it is impossible to predict with certainty whether all members of this clade indeed form a phage nucleus during their replication cycle [5]. Regardless of replication mechanism, due to their monophyletic clustering (Figures 1 & 2) and shared core genes [5, 14], we propose that they form a viral family.

Membership of the new family Chimalliviridae and taxonomic changes
All phages that we identified as members of the new family were already assigned to genera. In this proposal, we suggest that 19 existing genera and their members be moved from the unclassified Caudoviricetes into the new family. The genera Aphroditevirus and Tidunavirus are currently assigned to the subfamily Gorgonvirinae which we propose to move into the new family as well. 
Genera to be moved: Agricanvirus, Goslarvirus, Moabitevirus, Iapetusvirus, Phikzvirus, Noxifervirus, Chiangmaivrius, Ripduovirus, Erskinevirus, Seoulvirus, Machinavirus, Wellingtonvirus, Derbicusvirus, Aphroditevirus, Tidunavirus, Risingsunvirus, Elvirus, Petsuvirus, Takahashivirus
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Figure 1. Phylogenetic tree made with VICTOR [12] of all phages currently recognized by the ICTV that encode chimallin homologs. Takahashivirus PBS1 (which does not encode a chimallin homolog) was used as an outgroup since it shares some genetic similarity with the chimalllin-encoding phages [15] such as the msRNAP subunits [11], but it does not share the conserved genome organization or the identified core genome of the chimalliviruses [5]. Bootstrap values are shown on the branches.
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Figure 2. Tree of all phages from ViPTree annotated by family [13]. The proposed Chimalliviridae family is not highlighted, but the branches are colored in green and an arrow is pointing to the Chimalliviridae clade. The branching length of the Chimalliviridae is similar to nearby families such as the Autographiviridae and Schitoviridae. This tree was annotated in iTOL [16]. Branch labels are not shown as there are too many to be legible.
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