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Abstract

	On the basis of DNA sequence similarity we have resolved The Actinobacteriophage Database Cluster AY into six genera: Richievirus, Hestiavirus, Persistencevirus, Isoladevirus, Seamegvirus and Fajavirus.





Text of proposal
	
	
Species demarcation criteria: Two phages are assigned to the same species if their genomes are more than 95% identical over their genome length for isolates. 
These values can be calculated by a number of tools, such as BLASTn [1] – usually calculated using intergenomic distance calculator VIRIDIC [2].

Genus demarcation criteria: In search for criteria that create cohesive and distinct genera that are reproducible and monophyletic, the Bacterial Viruses Subcommittee has established 70% nucleotide identity of the genome length as the cut-off for genera. Genus-level groupings should always be monophyletic in the signature genes, as tested with a phylogenetic tree.   [8]





Supporting evidence – molecular data
VIRIDIC heat map:  VIRIDIC (Virus Intergenomic Distance Calculator; VIRIDIC (Virus Intergenomic Distance Calculator; [2]; http://rhea.icbm.uni-oldenburg.de/VIRIDIC/) computes pairwise intergenomic distances/similarities amongst phage genomes. 
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ViPTree analysis:  ViPTree analysis (https://www.genome.jp/viptree/; [3]) is based upon Rohwer and Edwards (2002) famous Phage Proteomic Tree [4].  The phages of interest are indicated with red stars.   
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Phylogeny: The phylogenetic tree was constructed using the MCPs from Richie and related phages with phylogeny.fr in “one click” mode [6]. It also includes the use of Gblocks to eliminate poorly aligned positions and divergent regions. See Anisimova M., Gascuel O. Approximate likelihood ratio test for branches: A fast, accurate and powerful alternative [7] for details. The members of this group of phages are indicated with blue rectangles.
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progressiveMauve:  This method uses a novel alignment objective score called a sum-of-pairs breakpoint score, which facilitates accurate detection of rearrangement breakpoints when genomes have unequal gene content. We also apply a probabilistic alignment filtering method to remove erroneous alignments of unrelated sequences, which are commonly observed in other genome alignment methods. We describe new metrics for quantifying genome alignment accuracy which measure the quality of rearrangement breakpoint predictions and indel predictions.[10]

We applied this technique to analyzing relationships since the phylogenetic tree and the Actinobacteriophage Database indicate all these phages are related.    This indicates that there are two regions of the genomes which are related, one of which includes the MCP-encoding genes.
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Proposals:
A. Create a new genus, Richievirus, with two species
B. Create a new genus, Hestiavirus, with one species
C. Create a new genus, Persistencevirus, with one species
D. Create a new genus, Isoldevirus, with one species
E. Create a new genus, Seamegvirus, with one species
F. Create a new genus, Fajavirus, with one species

Details:

A. Create a new genus, Richievirus, with two species

[bookmark: _Hlk102025860][bookmark: _Hlk40354317]Origin of the name of this taxon:  This taxon is named after Arthrobacter phage Richie

[bookmark: _Hlk102027025]Historical aspects: This temperate siphophage was isolated in 2017 by Megan Ulbrich (University of Pittsburgh, PA, USA) against Arthrobacter globiformis B-2979 from soil as part of the Phage Hunters Integrating Research and Education program.  The genome is has 9 nt 3’-cohesive termini. The Actinobacteriophage Database classified Richie to Cluster AY which we are now subdividing.

Electron micrograph: Electron micrographs of negatively stained Arthrobacter phage Richie (https://phagesdb.org/phages/Richie/).  Limited permission was granted by The Actinobacteriophages 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 Actinobacteriophages Database.  
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Genome summary: 

	Phage name
	INSDC 
	Size (Kb)
	GC% 
	Protein 
	tRNA
	Overall % DNA sequence identity (*)
	Overall % homologous proteins (**)

	Arthrobacter phage Richie
	MH834625.1
	53.87
	62.7
	98
	1
	100
	100

	Arthrobacter phage Auxilium
	MH834598.1
	49.45
	62.6
	93
	0
	73.7
	73.5


(*) determined using BLASTn [1] or VIRIDIC [2]
(**) determined using CoreGenes 3.5 [5]

B. Create a new genus, Hestiavirus, with one species

Origin of the name of this taxon:  This taxon is named after Arthrobacter phage Hestia

Historical aspects: This temperate siphophage was isolated in 2017 by Megan Ulbrich (University of Pittsburgh, PA, USA) against Arthrobacter globiformis B-2979 from moist soil as part of the Phage Hunters Integrating Research and Education program.  The genome is has 9 nt 3’-cohesive termini (CGCCGGTGA). The Actinobacteriophage Database classified Richie to Cluster AY which we are now subdividing.

Electron micrograph: N/A  








Genome summary: 

	Phage name
	INSDC 
	Size (Kb)
	GC% 
	Protein 
	tRNA
	Overall % DNA sequence identity (*)
	Overall % homologous proteins (**)

	Arthrobacter phage Hestia
	MH910036.1
	51.48
	62.3
	89
	2
	100
	100


(*) determined using BLASTn [1] or VIRIDIC [2]
(**) determined using CoreGenes 3.5 [5]


C. Create a new genus, Persistencevirus, with one species

Origin of the name of this taxon:  This taxon is named after Arthrobacter phage Persistence

Historical aspects: This temperate siphophage was isolated in 2019 by Madison Lee (College of Coastal Georgia, Brunswick, GA, USA) against Arthrobacter globiformis B-2979 from soil as part of the Science Education Alliance-Phage Hunters Advancing Genomics and Evolutionary Science program.  The genome is has 9 nt 3’-cohesive termini (CGCCGGTGA). The Actinobacteriophage Database classified Richie to Cluster AY which we are now subdividing.

Electron micrograph: Electron micrographs of negatively stained Arthrobacter phage Persistence (https://phagesdb.org/phages/Persistence/).  Limited permission was granted by The Actinobacteriophages 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 Actinobacteriophages Database.  
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Genome summary: 

	Phage name
	INSDC 
	Size (Kb)
	GC% 
	Protein 
	tRNA
	Overall % DNA sequence identity (*)
	Overall % homologous proteins (**)

	Arthrobacter phage Persistence
	MW712719.1
	50.43
	62.1
	89
	0
	100
	100


(*) determined using BLASTn [1] or VIRIDIC [2]
(**) determined using CoreGenes 3.5 [5]


D. Create a new genus, Isoldevirus, with one species

Origin of the name of this taxon:  This taxon is named after Arthrobacter phage Isolde

Historical aspects: This temperate siphophage was isolated in 2017 by Kira Zack (University of Pittsburgh, PA, USA) against Arthrobacter globiformis B-2979 from soil as part of the Phage Hunters Integrating Research and Education program.  The genome is has 9 nt 3’-cohesive termini (CGCCGGTGA). The Actinobacteriophage Database classified Richie to Cluster AY which we are now subdividing.

Electron micrograph: Electron micrographs of negatively stained Arthrobacter phage Isolde (https://phagesdb.org/phages/Isolde/).  Limited permission was granted by The Actinobacteriophages 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 Actinobacteriophages Database.  
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Genome summary: 

	Phage name
	INSDC 
	Size (Kb)
	GC% 
	Protein 
	tRNA
	Overall % DNA sequence identity (*)
	Overall % homologous proteins (**)

	Arthrobacter phage Isolde
	MH910037.1
	53.23
	62.6
	96
	2
	98
	100


(*) determined using BLASTn [1] or VIRIDIC [2]
(**) determined using CoreGenes 3.5 [5]
E. Create a new genus, Seamegvirus, with one species

Origin of the name of this taxon:  This taxon is named after Arthrobacter phage Seahorse, with an adaptation to account for the genus name Seahorse already proposed for another genus.  

Historical aspects: This temperate siphophage Seahorse was isolated in 2017 by Megan Ulbrich (University of Pittsburgh, PA, USA) against Arthrobacter globiformis B-2979 from silty soil as part of the Phage Hunters Integrating Research and Education program.  The genome is has 9 nt 3’-cohesive termini (CGCCGGTGA). The Actinobacteriophage Database classified Richie to Cluster AY which we are now subdividing.

Electron micrograph: N/A  


Genome summary: 

	Phage name
	INSDC 
	Size (Kb)
	GC% 
	Protein 
	tRNA
	Overall % DNA sequence identity (*)
	Overall % homologous proteins (**)

	Arthrobacter phage Seahorse
	MH910041.1
	56.48
	62.7
	100
	1
	100
	100


(*) determined using BLASTn [1] or VIRIDIC [2]
(**) determined using CoreGenes 3.5 [5]

F. Create a new genus, Fajavirus, with one species

Origin of the name of this taxon:  This taxon is named after Arthrobacter phage Faja

Historical aspects: This temperate siphophage was isolated in 2017 by Megan Ulbrich (University of Pittsburgh, PA, USA) against Arthrobacter globiformis B-2979 from soil as part of the Phage Hunters Integrating Research and Education program.  The genome is has 9 nt 3’-cohesive termini (CGCCGGTGA). The Actinobacteriophage Database classified Richie to Cluster AY which we are now subdividing.

Electron micrograph: Electron micrographs of negatively stained Arthrobacter phage Mollymur (https://phagesdb.org/phages/Mollymur/).  Limited permission was granted by The Actinobacteriophages 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 Actinobacteriophages Database.  
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Genome summary: 

	Phage name
	INSDC 
	Size (Kb)
	GC% 
	Protein 
	tRNA
	Overall % DNA sequence identity (*)
	Overall % homologous proteins (**)

	Arthrobacter phage Faja
	MH834612.1
	52.49
	63.1
	95
	1
	100
	100


(*) determined using BLASTn [1] or VIRIDIC [2]
(**) determined using CoreGenes 3.5 [5]
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