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Part 3: TAXONOMIC PROPOSAL


	Taxonomic changes proposed: 

	Establish new taxon
	x
	Split taxon
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	Etymology (origin) of proposed taxonomic names: 

	Taxon name 
	Etymology of the term

	Calvinvirus
	Named after Calvin University where the first virus of its type was isolated 

	Cagvirinae
	Named after the Actinobacteriophage Database Cluster CG which harbors these phages

	Dorinvirus
	Named directly after Rhodococcus phage Dorin
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	Abstract of Taxonomy Proposal: 


	
Description of current taxonomy:       
None of these phages have been classified by ICTV.

Proposed taxonomic change(s):     
We propose to create a new subfamily with two genera (Calvinvirus and Dorinvirus).

Demarcation criteria for new taxon/taxa:
 Subfamily demarcation criteria: Subfamilies are to be created when two or more genera are related below the family level. In practical terms, this usually means that they share a low degree of sequence similarity (usually about 40-50%) and that the genera form a clade in a marker tree phylogeny [6].

Genus demarcation criteria: An intergenomic similarity cut-off of 70%, a combination of average nucleotide identity and alignment fraction, is used to determine genera demarcation. Members of the same genus have >70% intergenomic similarity and cluster tightly in marker gene phylogenies. 

Species demarcation criteria: A demarcation value of 95% intergenomic similarity was used to define different species according to intergenomic similarity. Members of the same genus have >95% intergenomic similarity [6].

Justification:      
We propose a new subfamily with two new genera of bacterial viruses. These bacteriophages all exhibit a siphovirus morphology and show lytic replication on Rhodococcus sp. Analysis of intergenomic nucleotide similarities between the exemplar phages support the creation of two new genera and three species based on the current ICTV BVS demarcation criteria. These assignments are further supported by TBLASTX distance analysis with ViPTree and phylogenetic analysis of the the large terminase subunit. Pangenome analysis with CoreGenes identifies the presence of 189 common proteins.




	Text of Taxonomy proposal:  

	Description of current taxonomy:       
None of these phages have been classified by ICTV.

Proposed taxonomic change(s):     
We propose to create a new subfamily with two genera (Calvinvirus and Dorinvirus).

Demarcation criteria for new taxon/taxa: Subfamily demarcation criteria: Subfamilies are to be created when two or more genera are related below the family level. In practical terms, this usually means that they share a low degree of sequence similarity (usually about 40-50%) and that the genera form a clade in a marker tree phylogeny [6].

Genus demarcation criteria: An intergenomic similarity cut-off of 70%, a combination of average nucleotide identity and alignment fraction, is used to determine genera demarcation. Members of the same genus have >70% intergenomic similarity and cluster tightly in marker gene phylogenies. 

Species demarcation criteria: A demarcation value of 95% intergenomic similarity was used to define different species according to intergenomic similarity. Members of the same genus have >95% intergenomic similarity [6].

Justification:      
We propose a new subfamily with two new genera of bacterial viruses. These bacteriophages all exhibit a siphovirus morphology and show lytic replication on Rhodococcus sp. Analysis of intergenomic nucleotide similarities between the exemplar phages support the creation of two new genera and three species based on the current ICTV BVS demarcation criteria (Fig. 1). These assignments are further supported by TBLASTX distance analysis with ViPTree (Fig. 2) and phylogenetic analysis of the large terminase subunit (Fig. 3). Pangenome analysis with CoreGenes identifies the presence of 189 common proteins.
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Figure 1. VIRIDIC heatmap of this group of phages.   VIRIDIC (Virus Intergenomic Distance Calculator; VIRIDIC (Virus Intergenomic Distance Calculator; [1]; http://rhea.icbm.uni-oldenburg.de/VIRIDIC/) computes pairwise intergenomic distances/similarities amongst phage genomes. Abbreviations: phg = phage; Rhod = Rhodococcus 
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Figure 2. ViPTree analysis:  ViPTree analysis (https://www.genome.jp/viptree/; [2]) is based upon Rohwer and Edwards (2002) Phage Proteomic Tree [3].   The taxa under discussion are indicated with red bars and stars.   Abbreviations: phg = phage; Rhod = Rhodococcus.  
[image: ]Figure 3.  Phylogenetic tree constructed with the large subunit terminase proteins from these and related phages using “One Click” Phylogeny.fr [9] at https://www.phylogeny.fr  using the TerL protein from Rhodobacter phage REQ1 as an outgroup.


Table 1.  Characteristics of the only phage in the genus Calvinvirus 

	Phage name
	Host
	Morphotype
	Lifestyle
	Accession No.
	Genome size
	%G+C
	Termini
	No. proteins
	No. tRNA

	Rhodococcus phage Nova53
	Rhodococcus equi NRRL B-16538
	Siphovirus
	Lytic
	PV876963
	137941 bp
	48.5
	DTR 5222 bp
	219
	31
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Figure 4. Electron micrograph: Electron micrograph of negatively stained Rhodococcus phage Nova53 (https://phagesdb.org/phages/Nova53/).  Limited permission was granted by The Actinobacteriophage Database (https://phagesdb.org/), funded by the Howard Hughes Medical Institute, to use this electron micrograph for this taxonomy proposal; it cannot be reused without permission of The Actinobacteriophage Database.  

Table 2.  Characteristics of the two phages in the genus Dorinvirus 

	Phage name
	Host
	Morphotype
	Lifestyle
	Accession No.
	Genome size
	%G+C
	Termini
	No. proteins
	No. tRNA

	Rhodococcus phage Dorin
	Rhodococcus equi NRRL B-16538
	Siphovirus
	Lyic
	PQ114736
	136968 bp
	48.0
	DTR 4720 bp
	216
	33

	Rhodococcus phage Francesca
	Rhodococcus equi NRRL B-16538
	Siphovirus
	Lytic
	PP978770
	 137748 bp 
	48.0
	DTR 4862 bp

	215
	33
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Figure 4. Electron micrograph: Electron micrograph of negatively stained Rhodococcus phage Francesca (https://phagesdb.org/phages/Francesca/).  Limited permission was granted by The Actinobacteriophage Database (https://phagesdb.org/), funded by the Howard Hughes Medical Institute, to use this electron micrograph for this taxonomy proposal; it cannot be reused without permission of The Actinobacteriophage Database.  


CoreGenes5.0 analysis [5] revealed 189 protein homologs (87% common proteins) including:  2 glycosylases, 2  Lsr2-like DNA bridging proteins, 2 lysins, hydrolase, thymidine synthase, methyltransferase, serine hydrolase, serine protease, glucosyltransferase, ribonucleotide reductase, portal protein, capsid maturation protease, major capsid protein, head-to-tail adaptor, head-to-tail stopper, tail terminator, major tail protein, 2 tail assembly chaperones, tape measure protein, 4 minor tail proteins,  metallo-phosphoesterase, helix-turn-helix DNA binding protein, DNA helicase, DNA primase, SSB protein, endonuclease VII,  DnaE-like DNA polymerase III alpha, MazG-like nucleotide pyrophosphohydrolase,  RecA-like DNA recombinase,  Holliday junction resolvase, Cas4 exonuclease, RuvC-like resolvase,  helix-turn-helix DNA binding domain protein, thymidylate kinase,  terminase, HNH endonuclease, rIIA-like protein, rIIB-like protein, nucleotidyltransferase,  thioredoxin, RNA ligase, polynucleotide kinase, WhiB family transcription factor, and   DprA-like DNA processing chain A
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