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Abstract

	This new subfamily consists of five genera, Kozievirus, Mementomorivirus, Meganvirus, Quhwahvirus and Metamorphoovirus, with members possessing 53.1 - 56.0 kb (68.3– 71.1 mol%G+C) genomes which share at least 27.0% DNA sequence similarity and 38 protein homologs (39.6%).  These values are consistent with the establishment of a subfamily.


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 [1,2] – usually calculated using intergenomic distance calculator VIRIDIC [3].

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 [10].

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 [10].
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Figure 1. VIRIDIC heat map:  VIRIDIC (Virus Intergenomic Distance Calculator; VIRIDIC (Virus Intergenomic Distance Calculator; [3]; http://rhea.icbm.uni-oldenburg.de/VIRIDIC/) computes pairwise intergenomic distances/similarities amongst phage genomes. Data values which are bordered in black correspond to strains. Abbreviations: phg = phage; Micr = Microbacterium.  Because of the magnification of this diagram we have appended the original Excel heat map (2023.043B.N.v1.Kutznervirinae_nsf_Suppl.xlsx).   The names of those viruses which have been awarded RefSeq status (accession number in format NC_xxxxxxx) because of previous taxonomy proposals are highlighted in a darker shade; with their strains in a lighter shade.
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Figure 2. ViPTree analysis:  ViPTree analysis (https://www.genome.jp/viptree/; [4]) is based upon Rohwer and Edwards (2002) famous Phage Proteomic Tree [5].  The phages of interest are indicated with red stars.  The single member of the Kozievirus is indicated with a large, dark blue arrowhead; Meganvirus, light blue arrowhead; Mementomorivirus, red rectangle; Metamorphoovirus, grey rectangle; Quhwahvirus, green rectangle. 


Taxonomic Proposals: 
A. Create a new single species genus, Kozievirus

[bookmark: _Hlk131329419][bookmark: _Hlk131337711]Origin of the name of this taxon:  The name of this taxon derives directly from the name of the first virus of its type Microbacterium phage Kozie

Historical aspects: This lytic siphophage was isolated against Microbacterium paraoxydans NWU1 from old goat pen soil by Emma Wudel (Nebraska Wesleyan University, Ceresco, NE, USA) as part of the Science Education Alliance-Phage Hunters Advancing Genomics and Evolutionary Science program.  The genome is Circularly Permuted.  The Actinobacteriophage Database considers this phage to be part of Cluster EI.  We have split their cluster into two genera.
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Electron micrograph: Electron micrographs of negatively stained Microbacterium phage Kozie (https://phagesdb.org/phages/Kozie/).  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.  


Genome summary: 

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

	Microbacterium phage Kozie
	OK040792.1
	53.09
	71.1
	88
	100
	100




[bookmark: _Hlk130738664]Conclusion: A genus comprised of a single species is proposed based on DNA (Fig. 1) and protein (Fig. 2) similarity.

B. To add five (5) new species to the genus Mementomorivirus

Origin of the name of this taxon:  N/A

Historical aspects: The genus Mementomori virus was established via Taxonomy Proposal 2019.019B with a single species Mementomorivirus mementomori.


Genome summary: 

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

	Microbacterium phage MomentoMori
	MH271303.1
	55.57
	70.0
	96
	1
	100
	100

	Microbacterium phage Cressida
	MK937608.1
	55.96
	70.3
	95
	1
	83.2
	94.8

	Microbacterium phage Matzah
	MN813682.1
	55.69
	69.9
	97
	1
	87.0
	92.7

	Microbacterium phage Cinna
	MK937591.1
	55.37
	70.0
	93
	1
	90.5
	93.7

	Microbacterium phage Margaery
	MK937606.1
	56.03
	69.5
	96
	1
	66.9
	86.5

	Microbacterium phage Terij
	MN813684.1
	55.69
	70.2
	94
	1
	68.0
	83.3


(*) determined using VIRIDIC [3]
(**) determined using CoreGenes 3.5 [6]


Conclusion: On the basis of DNA (Fig. 1) and protein (Fig. 2) similarity this is a cohesive genus. 

C. Create a new single species genus, Meganvirus

Origin of the name of this taxon:  The name of this taxon derives directly from the name of the first virus of its type Microbacterium phage Megan

Historical aspects: This lytic siphophage was isolated against Microbacterium paraoxydans NWU1 by Lawrence Abad and Julia Kovalski (University of Pittsburgh, Pittsburgh, PA, USA) as part of the Phage Hunters Integrating Research and Education program.  The genome is Circularly Permuted.  The Actinobacteriophage Database considers this phage to be part of Cluster EC.  We have split their cluster into threegenera.


Genome summary: 

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

	Microbacterium phage Megan
	MN586020.1
	55.21
	69.6
	90
	100
	100




Conclusion: A genus comprised of a single species is proposed based on DNA (Fig. 1) and protein (Fig. 2) similarity.

D. To add four (4) new species to the genus Quhwahvirus

Origin of the name of this taxon:  N/A

Historical aspects: The genus Quhwahvirus was established via Taxonomy Proposal 2019.023B with three species Quhwahvirus kaihaidragon, Quhwahvirus quhwah, and 
Quhwahvirus paschalis.

Genome summary: 

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

	Microbacterium phage Quhwah
	MH271321.1
	53.55
	68.8
	95
	100
	100

	Microbacterium phage Honeyfin
	MZ622179.1
	53.15
	69.0
	91
	92.1
	88.4

	Microbacterium phage Shotgun
	MZ648035.1
	52.66
	68.9
	90
	91.7
	87.4

	Microbacterium phage ClearAsMud
	MT657336.1
	52.99
	69.0
	92
	86.4
	90.5

	Microbacterium phage NoodlelyBoi
	MW578837.1
	53.61
	68.9
	91
	85.8
	87.4


(*) determined using VIRIDIC [3]
(**) determined using CoreGenes 3.5 [6]


Conclusion: On the basis of DNA (Fig. 1) and protein (Fig. 2) similarity this is a cohesive genus. 


E. To add four (4) new species to the genus Metamorphoovirus

Origin of the name of this taxon:  N/A

Historical aspects: The genus was established through Taxonomy Proposal 2019.067B to contain three species: Metamorphoovirus metamorphoo, Metamorphoovirus fireman and Metamorphoovirus robsfeet

Genome summary: 

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

	[bookmark: _Hlk145408129]Microbacterium phage Metamorphoo
	MH271304.1
	54.15
	68.5
	93
	100
	100

	Microbacterium phage Tyrumbra
	MN175603.1
	53.98
	68.7
	91
	82.9
	86.0

	Microbacterium phage Ariadne
	MN585986.1
	54.35
	68.4
	100
	71.7
	84.9

	Microbacterium phage Jayden
	MN586042.1
	53.35
	68.3
	92
	70.8
	82.8

	Microbacterium phage Teamocil
	MN586059.1
	53.5
	68.6
	96
	67.9
	78.5


(*) determined using VIRIDIC [3]
(**) determined using CoreGenes 3.5 [6]


Conclusion: On the basis of DNA (Fig. 1) and protein (Fig. 2) similarity this is a cohesive genus. 

F. Create a new subfamily, Kutznervirinae, for these five genera

Origin of the name of this taxon:  This taxon is named in honour of German microbiologist Prof. Dr. Hans Jürgen Kutzner (b. 1922; d. 2022).  “He did his doctorate with Prof. Fleig at the Braunschweig-Völkenrode Agricultural Research Center (FAL) on Streptomycetes. This was followed by post-docs at Rutgers University with Charles Waksman (antibiotics) and with Otto Kandler and H. H. Martin in Weihenstephan.”  From there he joined the Technical University of Darmstadt (Germany) where he remained until his retirement in 1993. In 1978 he created the journal Forum Mikrobiologie, now BIOspektrum. He was one of the first scientists to work on phages of Streptomyces (Laudatio VAAM-Ehrenmitgliedschaft Hans Jürgen Kutzner, 18. März 1997; KUTZNER HJ. Specificity of actinophages within a selected group of Streptomyces. Pathol Microbiol (Basel). 1961;24:170-91. doi: 10.1159/000161094. PMID: 13755457.)


[bookmark: _Hlk132270055]Rationale: This new subfamily consists of five genera, Kozievirus, Mementomorivirus, Meganvirus, Quhwahvirus and Metamorphoovirus, which possess 53.1 - 56.0 kb (68.3– 71.1 mol%G+C) genomes which share at least 27.0% DNA sequence similarity and 38 protein homologs (39.6%).  These values are consistent with the establishment of a subfamily [10].
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