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Part 3: TAXONOMIC PROPOSAL
Name of accompanying Excel module
	2020.170B.R.Twarogvirinae.xlsx


Abstract

	This taxonomic proposal creates another subfamily of T4-like phages, which are infectious for Acinetobacter species.



Text of proposal
	
	Species demarcation criteria: We have chosen 95% DNA sequence identity as the criterion for demarcation of species in this new genus. Each of the proposed species differs from the others with more than 5% at the DNA level as confirmed with the BLASTN algorithm.






Supporting evidence
A. [bookmark: _Hlk43370447]Proposal 1: To create a new genus Zezzedvirus
B. [bookmark: _Hlk43371027]Proposal 2: To create a new genus Lasallevirus
C. [bookmark: _Hlk43372057]Proposal 3: To create a new genus Hadassahvirus
D. [bookmark: _Hlk43376520][bookmark: _Hlk43379039]Proposal 4: To create a new genus, Lazarusvirus
E. Proposal 5: To create a new genus, Acaynonavirus
F. Proposal 6: To create a subfamily, Twarogvirinae

ViPTree analysis: ViPTree analysis (https://www.genome.jp/viptree/; [1]) is based upon Rohwer and Edwards (2002) Phage Proteomic Tree [2].  The Herelleviridae root is marked with a red arrowhead; the purple arrowhead indicates the subfamily Twarogvirinae which is to be created.
[image: ]
[image: ]

VIRIDIC heat map: VIRIDIC (Virus Intergenomic Distance Calculator; [3]; http://rhea.icbm.uni-oldenburg.de/VIRIDIC/) computes pairwise intergenomic distances/similarities amongst phage genomes. The black box delineates strains. The colour codes in columns 3 and 4 indicate the boundaries of the proposed subfamilies and genera.  
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[bookmark: _Hlk43370427]Proposal 1: To create a new genus Zezzedvirus

Source of the name of this taxon:  This genus name is derived from that of the first isolate Acinetobacter phage ZZ1.

History:  This Acinetobacter baumannii lytic phage was isolated from fishpond water in Zhengzhou (China).  ZZ1 possesses a 100-nm prolate head and a 120-nm long contractile tail.

Specific Reference:  Jin J, Li ZJ, Wang SW, et al. Isolation and characterization of ZZ1, a novel lytic phage that infects Acinetobacter baumannii clinical isolates. BMC Microbiol. 2012;12:156. Published 2012 Jul 28. doi:10.1186/1471-2180-12-156

GenBank Summary:

	Phage name
	RefSeq No.
	INSDC 
	Size (Kb)
	GC% 
	Protein 
	tRNAs

	Acinetobacter phage ZZ1
	NC_018087.3
	HQ698922.4
	166.69
	34.4
	256
	8


N.B. Acinetobacter phage Henu6 (MK240351.1) should be considered a strain of Acinetobacter virus ZZ1 in this genus

Electron micrograph: None available

Proposal 2: To create a new genus Lasallevirus

Source of the name of this taxon:  This genus so named after the address (Lasalle St) adjacent to the Department of Biochemistry and Molecular Biology Tulane University School of Medicine New Orleans, in Louisiana where much of the research on T4-like phages took place.

History:  No details available

[bookmark: _Hlk43379362]Specific Reference: Petrov VM, Ratnayaka S, Nolan JM, Miller ES, Karam JD. Genomes of the T4-related bacteriophages as windows on microbial genome evolution. Virol J. 2010;7:292. Published 2010 Oct 28. DOI: 10.1186/1743-422X-7-292






GenBank Summary:

	Phage name
	RefSeq No.
	INSDC 
	Size (Kb)
	GC% 
	Protein 
	tRNAs

	Acinetobacter phage Acj61
	NC_014661.1
	GU911519.1
	164.09
	39.0
	241
	12



Electron micrograph: None available

Proposal 3: To create a new genus Hadassahvirus

Source of the name of this taxon:  This genus is named after the campus of The Hebrew University (Jerusalem, Israel) where in the Institute of Dental Sciences and School of Dental Medicine, these two phages were isolated.

History:  Lytic phages active against Acinetobacter baumannii.

Specific Reference:  None

GenBank Summary:

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

	Acinetobacter phage AbTZA1
	MK278860.1
	168.22
	36.3
	253
	6
	100
	100

	Acinetobacter phage vB_AbaM_PhT2
	MN864865.1
	166.33
	36.4
	246
	9
	88.6
	94.5


[bookmark: _Hlk43377688](*) Determined using VIRIDIC [3]
(**)  Determined using CoreGenes 3.5 at http://binf.gmu.edu:8080/CoreGenes3.5/ [4]

Electron micrograph: None available

Proposal 4: To create a new genus, Lazarusvirus

Source of the name of this taxon:  This genus is named after one of the isolates, Acinetobacter phage vB_AbaM_Lazarus

History:  These lytic phages for isolated in Russia in 2018 from wastewater using an Acinetobacter baumannii strain as the host bacterium. fHyAci03 was isolated from a municipal sewage sample collected in Hyvinkää, Finland, using clinical Acinetobacter pittii as the host. The morphology of fHyAci03 was examined by transmission electron microscopy revealing the dimensions of the prolate head were 111 ± 5.2 nm (length) and 82 ± 5.1 nm (width), and the tail length was 90 ± 4 nm. [Pulkinen E et al. 2019]

Specific Reference: Pulkkinen E, Wicklund A, Oduor JMO, Skurnik M, Kiljunen S. Characterization of vB_ApiM_fHyAci03, a novel lytic bacteriophage that infects clinical Acinetobacter strains. Arch Virol. 2019;164(8):2197-2199. doi:10.1007/s00705-019-04284-z

Jansen M, Wahida A, Latz S, et al. Enhanced antibacterial effect of the novel T4-like bacteriophage KARL-1 in combination with antibiotics against multi-drug resistant Acinetobacter baumannii. Sci Rep. 2018;8(1):14140. Published 2018 Sep 20. doi:10.1038/s41598-018-32344-y  

[bookmark: _Hlk43379288]GenBank Summary:

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

	Acinetobacter phage vB_AbaM_Lazarus
	MN782535.1
	165.15
	36.8
	247
	8
	100
	100

	Acinetobacter phage vB_ApiM_fHyAci03
	MH460829.1
	165.98
	36.8
	247
	8
	93.0
	95.5

	Acinetobacter phage vB_AbaM_Apostate
	MN723850.1
	164.75
	36.8
	244
	9
	93.7
	95.1

	Acinetobacter phage AM101
	MH165274.2
	166.49
	36.7
	250
	8
	93.4
	96.8

	Acinetobacter phage vB_AbaM_Berthold
	MN709128.1
	165.93
	36.7
	250
	10
	93.4
	98.4

	Acinetobacter phage KARL-1
	MH713599.1
	166.56
	36.8
	253
	7(*)
	91.6
	97.2

	Acinetobacter phage vB_AbaM_Konradin
	MN648195.1
	166.21
	36.7
	249
	10
	92.6
	97.6

	Acinetobacter phage vB_AbaM_Kimel
	MN732883.1
	167.92
	36.7
	252
	7
	91.7
	97.2


(*) None indicated in the GenBank Replicon Info.  These were discovered using tRNAscan-SE at http://lowelab.ucsc.edu/tRNAscan-SE/ [5]
(**) Determined using VIRIDIC [3]
(***) Determined using CoreGenes 3.5 at http://binf.gmu.edu:8080/CoreGenes3.5/ [4]

Electron micrograph: None available

Proposal 5: To create a new genus, Acajnonavirus
Source of the name of this taxon:  This genus is named after one of the isolates, Acinetobacter phage Acj9

History:  No details available

Specific Reference: Petrov VM, Ratnayaka S, Nolan JM, Miller ES, Karam JD. Genomes of the T4-related bacteriophages as windows on microbial genome evolution. Virol J. 2010;7:292. Published 2010 Oct 28. doi:10.1186/1743-422X-7-292

GenBank Summary:

	Phage name
	RefSeq No.
	INSDC 
	Size (Kb)
	GC% 
	Protein 
	tRNAs

	Acinetobacter phage Acj9
	NC_014663.1
	HM004124.1
	169.95
	40.0
	253
	19



Proposal 6: To create a subfamily, Twarogvirinae for the genera created above

Subfamily demarcation: The members of the genera described above all have an intergenomic distance above 30% (VIRIDIC heatmap). They form a monophyletic clade in a phylogenetic tree of the terminase large subunit (see below). The terL amino acid sequences of twarogviruses were extracted from the NCBI database and the terL sequence of phage phAPEC2 was included as an outgroup. Multiple sequence alignment (MUSCLE), curation (Gblocks), tree building (PhyML) and visualization (TreeDyn) was performed using Phylogeny.fr in the one-click mode using the default settings (10-15). The tree was midpoint rooted.  
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Source of the name of this taxon:  This subfamily is named in honour of Dr. Robert (Bob) Twarog (1936-2019); UNC School of Medicine, Department of Microbiology and Immunology faculty member (1965-2000). He was the first scientist to isolate phages against Acinetobacter [6] 
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(Bob Twarog - https://www.med.unc.edu/microimm/bob-twarog-1936-2019/)
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