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When originally proposed in 1996 the “T1-like phages” contained a single species Enterobacteria phage T1.  Since that time numerous taxonomic changes have been introduced with the genus name changing to T1likevirus to Tunalikevirus to T1virus ultimately to Tunavirus.  In 2015, the subfamily Tunavirinae was introduced consisting of five genera: Kp36virus, Rogue1virus, Rtpvirus, T1virus and Tlsvirus. In 2018, this subfamily contained an additional three genera: Eclunavirus, Hanrivervirus and Sertoctavirus and the Rogue1virus, T1virus and Kp36virus being renamed Rogunavirus, Tunavirus and Webervirus, respectively.  In total 31 species have been classified. GenBank now contains the genomes of 84 T1-like phages rendering it imperative that their relationship be re-examined. “Hundreds of thousands of metagenome-derived viral genomes and large genome fragments (more than 700,000 at IMG/VR23) dwarf the 34,091 prokaryotic virus genomes present in the National Center for Biotechnology Information (NCBI)
GenBank database [In 2018: 1787 new caudoviral genomes were deposited; so far in 2019, 594 have appeared]. … evaluation of approaches to establish a scalable, genome-based viral taxonomy is needed to enable a universal classification framework.” [3] The number of complete phage genomes being deposited each year in GenBank has reached a point where the traditional taxonomic approaches employed by ICTV simply cannot keep up.  

A number of automated system based predominantly on protein homology have been devised for automated viral classification. These include NCBI [1], DSMZ’s VICTOR [2], vConTACT2 [3], and GRAViTy [4,5].  For the past dozen years bacterial viruses have been grouped based upon overall DNA sequence homology determined using BLASTn at NCBI [6] or using Gegenees [7]. Overall protein homology was determined using tBLASTx in Gegenees of BLASTp using CoreGenes 3.5 [8-11]. From these studies, and associated TaxoProps we have noted phages which share 70% DNA sequence identity are members of the same genus. Overall protein similarity can be used to define higher taxa. The combination of total genome and total proteome analyses preclude the relevance of phylogenetic trees based upon single proteins.

BLASTn analysis currently lacks the scalability for analysis of large numbers of viral sequences.  This has been overcome by Mathew Lueder who has developed a new approach. BLASTn was used with an e-value cut-off of 0.001 to create pairwise alignments between each pair of genomes in the taxon. The BLAST results were parsed and for each pairwise comparison, high-scoring segment pairs (HSPs) were split at locations of overlaps with other HSPs. This results in a larger set of HSPs which either do not overlap with any other HSP, or overlap with another HSP(s) for 100% of their length. After this, the set of non-overlapping HSPs which maximizes the number of total identities was determined. Percent identity is calculated by dividing the sum of identities in this set by the length of the larger genome in the pairwise comparison and multiplying the result by 100. The BLASTn analysis of the T1-like phages identified in GenBank is shown in Appendix A.

“vConTACT v.2.0, is a network-based application utilizing whole genome gene-sharing profiles for virus taxonomy that integrates distance-based hierarchical clustering and confidence scores for all taxonomic predictions. We report near-identical (96%) replication of existing genus-level
viral taxonomy assignments from the International Committee on Taxonomy of Viruses for National Center for Biotechnology Information virus RefSeq.” [3]

In this TaxoProp we have applied the new BLASTn approach of Lueder, and the protein clustering approach of Jang et al. [3] to a reanalysis of the T1-like phages which are currently clustered in the subfamily, Tunavirinae.  This has resulted in this proposal to create a new family Drexlerviridae, named in honour of American phage T1 pioneering researcher Henry Drexler  (b. 1927, r. 1991, Wake Forest University Medical Center, Winston-Salem, USA)

A. Addition of new species to existing genera

Proposal 1: To add eight new species to the Tlsvirus genus. 

vConTACT Cluster 1 – composed of two VCs (10_0 and 10_1). VC 10_0 members: Citrobacter phages CF1 DK-2017, Stevie, & Sazh, Escherichia phages TLS & LL5; and Salmonella phages FSL SP-126, phSE-5 GJL01, YSP2, vB_SenS_PHB07, 36 and phSE-2.  

VC 10_1 consists of Escherichia phages vB_Eco_mar001J1, vB_Eco_mar001J1 strain vB_Eco_mar002J2, vB_Eco_swan01, SECphi27, vB_EcoS-95, and Shigella phage pSf-1.  BLASTn analysis reveals that the genome of the latter phage is sufficiently different from the others to remain the single representative of the Hanrivervirus.  


In conformity with our state policy on “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.  

Table 1. Properties of new phages belonging to the genus Tlsvirus
	Phage name
	RefSeq
	INSDC
	Size (kb)
	GC%
	No. Proteins

	TLS (type phage)
	NC_009540.1
	AY308796.1
	49.90
	42.7
	87

	NEW SPECIES
	
	
	
	
	

	Salmonella phage 36 [1]
	
	KR296690.1
	41.10
	43.5
	91

	Salmonella phage FSL SP-126 [2]
	
	KC139513.1
	51.09
	42.9
	83

	Salmonella phage vB_ SenS_ PHB07
	
	MH102284.1
	51.82
	43.4
	87

	Salmonella phage YSP2
	
	MG241338.1
	50.32
	42.9
	87

	Escherichia phage LL5
	
	MH491968.1
	49.79
	42.5
	88

	Citrobacter phage CF1 DK-2017
	
	KY694971.1
	50.34
	42.6
	87

	Salmonella phage phSE-2
	NC_031026.1
	KX015770.1
	49.17
	42.9
	83

	Citrobacter phage Sazh
	
	MH729819.1
	49.67
	42.8
	87


1: Karpe YA, Kanade GD, Pingale KD, Arankalle VA, Banerjee K. Genomic characterization of Salmonella bacteriophages isolated from India. Virus Genes. 2016;52(1):117-26. 
2: Moreno Switt AI, Orsi RH, den Bakker HC, Vongkamjan K, Altier C, Wiedmann M. Genomic characterization provides new insight into Salmonella phage diversity. BMC Genomics. 2013;14:481.

Proposal 2: To create eight new species in the genus Tunavirus.
vConTACT Cluster 2:  represented by VC 11_0 consists of Escherichia phages ADB-2, T1, JMPW2, JMPW1, vB_EcoS_SH2, vB_EcoS_IME18, vB_EcoS_IME167, and Eco_BIFF; and, Shigella phage SH6, vB_SsoS-ISF002, Sfin-1, vB_SflS-ISF001, phi2457T, vB_SsoS_008, pSf-2 and Shfl1. BLASTn analysis clearly reveal this as a single genus: Tunavirus.

Table 2. Properties of new phages belonging to the genus Tunavirus
	Phage name
	RefSeq
	INSDC
	Size (kb)
	GC%
	No. Proteins

	T1 (type phage)
	NC_005833.1
	    AY216660.1
	48.84
	45.5
	78

	NEW SPECIES
	
	
	
	
	

	Shigella phage SH6
	
	KX828710.1
	50.55
	45.8
	82

	Escherichia phage Eco_BIFF
	
	MH285980.1
	49.37
	45.3
	76

	Shigella phage vB_SsoS-ISF002 [1]
	
	MF093736.1
	50.56
	45.5
	76

	Shigella phage vB_SflS-ISF001
	
	MG049919.1
	50.55
	45.6
	78

	Shigella phage vB_SsoS_008
	
	MK335533.1
	50.41
	45.7
	83

	Shigella phage Sfin-1
	
	MF468274.1
	50.4
	45.2
	81

	Enterobacteria phage vB_EcoS_IME18
	
	MH051911.1
	50.35
	45.6
	82

	Escherichia phage vB_EcoS_SH2
	
	KY985004.1
	49.09
	45.5
	80



1: Shahin K, Bouzari M, Wang R. Isolation, characterization and genomic analysis of a novel lytic bacteriophage vB_SsoS-ISF002 infecting Shigella sonnei and Shigella flexneri. J Med Microbiol. 2018;67(3):376-386.

Proposal 3: To create twelve new species in the genus Webervirus.

vConTACT Cluster 3:  represented by VC 12_0 consists of  Enterobacter phage F20; and, Klebsiella phages 1513, KLPN1, KP36, PKP126, Sushi, vB_KpnS_KpV522, KOX1, KPN N141,  MezzoGao, GML-KpCol1,  JY917,  NJS1,  TAH8, NJS2,  NJS3,  NJR15,  TSK1,  GH-K3, and KpKT21phi1.  These are all members of the Webervirus genus.

Table 3. Properties of new phages belonging to the genus Webervirus
	Phage name
	RefSeq
	INSDC
	Size (kb)
	GC%
	No. Proteins

	KP36 (type phage)
	NC_029099.1
	    JF501022.1
	49.8
	50.7
	79

	NEW SPECIES
	
	
	
	
	

	Klebsiella phage vB_KpnS_KpV522
	
	KX237515.1
	51.1
	50.8
	79

	Klebsiella phage KOX1
	
	KY780482.1
	50.53
	51.2
	81

	Klebsiella phage TSK1
	
	MH688453.1
	49.86
	50.5
	74

	Klebsiella phage NJS1
	
	MH445453.1
	49.29
	50.7
	71

	Klebsiella phage NJS2
	
	MH633485.1
	50.13
	50.8
	79

	Klebsiella phage TAH8
	
	MH633484.1
	49.34
	51.1
	76

	Klebsiella phage NJR15
	
	MH633487.1
	49.47
	51.0
	75

	Klebsiella phage MezzoGao
	
	MF612072.1
	49.81
	51.0
	76

	Klebsiella virus GML-KpCol1
	
	MG552615.1
	50.25
	51.0
	78

	Klebsiella phage KPN N141
	
	MF415412.1
	49.09
	51.0
	76

	Klebsiella phage KpKT21phi1
	
	MK278861.1
	49.11
	50.9
	76

	Klebsiella phage GH-K3
	
	MH844531.1
	49.43
	50.2
	77






Proposal 4: To add one new species to the genus Rogunavirus

Rogunavirus – consists currently of Escherichia phages e4/1c, vB_EcoS_AHS24, vB_EcoS_AHP24, vB_EcoS_AKS96, vB_EcoS_AHP42, phiJLA23, C119, phiKP26, vB_EcoS_Rogue1 and Jk06.


Table 4. Properties of a new phage belonging to the genus Rogunavirus
	Phage name
	RefSeq
	INSDC
	Size (kb)
	GC%
	No. Proteins
	tRNA

	vB_EcoS_Rogue1 (type phage)
	NC_019718.1
	JQ182736.1
	45.81
	44.2
	74
	1

	NEW SPECIES
	
	
	
	
	
	

	Enterobacteria phage phiJLA23
	
	KC333879.1
	43.02
	44.5
	65
	1*


* Not indicated in GenBank file; found using tRNAscan-SE 2.0


Proposal 5: To add a new phage species to the genus Rtpvirus.

Rtpvirus – only consists currently of Escherichia phages RTP and vB_EcoS-IME253.

Table 5. Properties of two phages which  belong to the genus Rtpvirus
	Phage name
	RefSeq
	INSDC
	Size (kb)
	GC%
	No. Proteins

	RTP (type phage)
	NC_007603.1
	AM156909.1
	46.22
	44.3
	75

	NEW SPECIES
	
	
	
	
	

	Enterobacteria phage vB_EcoS-IME253
	
	MK372342.1
	46.55
	43.6
	71



B. To create new genera of T1-like phages based upon overall DNA and protein relatedness

[bookmark: _Hlk9240241]Proposal 6: To create a new genus containing five species with the name Warwickvirus.  This genus is named in honour of the UK University where the first representative was isolated.  

Table 6. Properties of phages belonging to the genus Warwickvirus
	Phage name
	RefSeq
	INSDC
	Size (kb)
	GC%
	No. Proteins

	Escherichia phage vB_Eco_swan01
	
	LT841304.1
	50.87
	44.7
	83

	Escherichia phage vB_EcoS-95
	
	MF564201.1
	50.91
	44.8
	89

	Escherichia phage SECphi27
	
	LT961732.1
	51.81
	44.7
	Not annotated

	Escherichia virus vB_Eco_mar001J1
	
	LR027388
	50.34
	44.4
	78

	Escherichia virus vB_Eco_mar001J1 strain vB_Eco_mar002J2
	
	   LR027385
	50.34
	44.4
	79




[bookmark: _Hlk9240297]Proposal 7: To create a new genus containing five species with the name Loudonvirus

Loudonvirus – contains a single species Escherichia phage DTL and is named after the town in Tennessee (USA)  where this virus was first identified by DuPont Tate & Lyle BioProducts.

Table 7. Properties of the single phage which belongs to the genus Loudonvirus
	Phage name
	RefSeq
	INSDC
	Size (kb)
	GC%
	No. Proteins

	Escherichia phage DTL
	
	MG050172.1
	45.81
	44.3
	60



[bookmark: _Hlk16755093]Proposal 8: To create a new genus containing five species with the name Christensenvirus

[bookmark: _Hlk16754978]Christensenvirus – contains Escherichia phage vB_EcoS_IME542 and is named in honour of James Roger Christensen (b. 1925, d. 2014; Past Chair of Microbiology and Immunology, University of Rochester, NY, USA) who was Henry Drexler’s PhD supervisor.

Table 8. Properties of the single phage which belongs to the genus Christensenvirus
	Phage name
	RefSeq
	INSDC
	Size (kb)
	GC%
	No. Proteins

	Escherichia phage vB_EcoS_IME542
	
	MK372342.1
	46.55
	43.6
	71



Proposal 9: To create a new genus containing five species with the name Guelphvirus

Guelphvirus – consists of Escherichia phages vB_EcoS_ACG-M12 and vB_Ecos_CEB_EC3a and named after the city in Canada where this virus was isolated.

Table 9. Properties of the two phages belonging to the genus Guelphvirus
	Phage name
	RefSeq
	INSDC
	Size (kb)
	GC%
	No. Proteins
	tRNA

	Escherichia phage vB_EcoS_ACG-M12
	NC_019404.1
	JN986845.1
	46.05
	43.5
	78
	1

	Escherichia phage vB_Ecos_CEB_EC3a
	
	KY398841.1
	44.23
	44.2
	70
	1



Proposal 10: To create a new genus containing five species with the name Eastlansingvirus

Eastlansingvirus – consists of Shigella phage Sf12, and named after the city in Michigan (USA) where this virus was isolated.

Table 10. Properties of the single phage which belongs to the genus Eastlansingvirus
	Phage name
	RefSeq
	INSDC
	Size (kb)
	GC%
	No. Proteins
	tRNA

	Shigella phage Sf12
	
	MF158039.1
	47.65
	44.3
	74
	1




Proposal 11: To create a new genus containing five species with the name Wilsonroadvirus

Wilsonroadvirus – consists of Shigella phage Sd1, named after the location of the Biochemistry and Molecular Biology Department, Michigan State University, where this virus was first isolated.

Table 11. Properties of the single phage which belongs to the genus Wilsonroadvirus
	Phage name
	RefSeq
	INSDC
	Size (kb)
	GC%
	No. Proteins
	tRNA

	Shigella phage Sd1
	
	MF158042.1
	48.26
	44.5
	73
	2



Proposal 12: To create a new genus containing five species with the name Lindendrivevirus

Lindendrivevirus – consisting of Escherichia phage phiEB49 and named after the street which houses the Department of Medical Microbiology and Immunology, University of Wisconsin where this virus was isolated.

Table 12. Properties on phages belonging to the genus Lindendrivevirus
	Phage name
	RefSeq
	INSDC
	Size (kb)
	GC%
	No. Proteins
	tRNA

	Escherichia phage phiEB49 [1]
	NC_023743.1
	JF770475.1
	47.18
	44.0
	74
	2


1: Battaglioli EJ, Baisa GA, Weeks AE, Schroll RA, Hryckowian AJ, Welch RA. Isolation of generalized transducing bacteriophages for uropathogenic strains of Escherichia coli. Appl Environ Microbiol. 2011; 77(18):6630-5. 

[bookmark: _Hlk9245163][bookmark: _Hlk9241820]Proposal 13: To create a new genus, Badaguanvirus, containing a single species.

Badaguanvirus – consisting of Escherichia phage vB_EcoS_IME347 and named after the district where College of Food Science and Engineering, Ocean University of China is located and where this virus was isolated.

Table 13. Properties on phages belonging to the genus Badaguanvirus
	Phage name
	RefSeq
	INSDC
	Size (kb)
	GC%
	No. Proteins
	tRNA

	Escherichia phage vB_EcoS_IME347
	
	MH051918.1
	50.05
	49.7
	87
	0



Proposal 14: To create a new genus containing five species with the name Gyeonggidovirus

[bookmark: _Hlk9240565]To create a new genus Gyeonggidovirus to contain two Cronobacter phages (ESP2949-1 & CS01).  The genus is named after the province in South Korea where Cronobacter phage ESP2949-1 was isolated. vConTACT Cluster 5:  represented by VC Outlier Unrepresented cluster 


Table 14. Properties on phages belonging to the genus Gyeonggidovirus
	Phage name
	RefSeq
	INSDC
	Size (kb)
	GC%
	No. Proteins

	Cronobacter phage ESP2949-1 [2]
	NC_019509.1
	JF912400.1
	49.12
	50.1
	45

	Cronobacter phage PhiCS01 [1]
	
	MH845412.1
	48.2
	50.1
	75


1: Kim GH, Kim J, Kim KH, Lee JS, Lee NG, Lim TH, Yoon SS. Characterization and Genomic Analysis of Novel Bacteriophage ΦCS01 Targeting Cronobacter sakazakii. J  Microbiol Biotechnol. 2019 Apr 12. doi: 10.4014/jmb.1812.12054. 
2: Lee YD, Kim JY, Park JH, Chang H. Genomic analysis of bacteriophage ESP2949-1, which is virulent for Cronobacter sakazakii. Arch Virol. 2012;157(1):199-202. 

[bookmark: _Hlk9245495]Proposal 15: To create a new genus, Vilniusvirus, containing a single species.

Vilniusvirus – consisting of Escherichia phage vB_EcoS_NBD2 and named after the capital of Lithuania where it was isolated in the Department of Molecular Microbiology and Biotechnology, Institute of Biochemistry, Vilnius University, Lithuania.

Table 15. Properties on phages belonging to the genus Vilniusvirus
	Phage name
	RefSeq
	INSDC
	Size (kb)
	GC%
	No. Proteins
	tRNA

	[bookmark: _Hlk9245412]Escherichia phage vB_EcoS_NBD2
	NC_031050.1
	KX130668.1
	51.8
	49.8
	87
	1



Proposal 16: To create a new genus, Nouzillyvirus, containing a single species.

Nouzillyvirus – consisting of Escherichia phage vB_EcoS_ESCO41 and named after the city in France where it was isolated at the Université Francois Rabelais de Tours.  

Table 16. Properties on phages belonging to the genus Nouzillyvirus
	Phage name
	RefSeq
	INSDC
	Size (kb)
	GC%
	No. Proteins
	tRNA

	[bookmark: _Hlk9245696]Escherichia phage vB_EcoS_ESCO41
	
	KY619305.1
	50.8
	46.1
	79
	1



[bookmark: _Hlk9256572]Proposal 17: To create a new genus, Sauletekiovirus, containing a single species.

Sauletekiovirus – consisting of Pantoea phage vB_PagS_AAS23 and named after the street in Vilnius, Lithuania, where the Department of Molecular Microbiology and Biotechnology, Vilnius University, Life Sciences Centre, Institute of Biochemistry is located and where this virus was isolated.

Table 17. Properties on phages belonging to the genus Sauletekiovirus
	Phage name
	RefSeq
	INSDC
	Size (kb)
	GC%
	No. Proteins
	tRNA

	[bookmark: _Hlk9246189]Pantoea phage vB_PagS_AAS23
	
	MK095606.1
	51.17
	47.6
	92
	0



C. To redefine membership in the Tunavirinae

Proposal 18: On the basis of DNA sequence similarity the subfamily Tunavirinae to include only three genera: Tunavirus, Badaguanvirus and Seroctavirus

D. To create a new subfamily of T1-like phages, Tempevirinae.

Proposal 19: On the basis of shared proteins and DNA sequence similarity to create a new subfamily, Tempevirinae, consisting of Tlsvirus, Hanrivervirus and Warwickvirus.  This subfamily was named in honour of The University of Arizona Tempe Campus where Rajeev Misra first isolated phage TLS.

vConTACT Cluster 4:  represented by VC 9_0 consists of  Escherichia phages Jk06,  vB_EcoS_Rogue1, e4/1c, EB49, vB_Eco_ACG-M12, vB_EcoS_AHP42, vB_EcoS_AHS24, vB_EcoS_AHP24,  C119,  vB_EcoS-IME253,  RTP, vB_Ecos_CEB_EC3a,  vB_EcoS_IME542 and Shigella phages Sf12, Sd1,  and 
DTL.  Based upon BLASTn analysis we now recognize eight genera:

E. To create a new subfamily of T1-like phages, Rogunavirinae.

Proposal 20: On the basis of DNA sequence similarity the subfamily Rogunavirinae consists of the genera Rogunavirus, Eastlansingvirus, Wilsonroadvirus and Lindendrivevirus.

F. To create a new subfamily of T1-like phages, Braunvirinae.

Proposal 21: On the basis of DNA sequence similarity the subfamily Braunvirinae consists of the genera Rtpvirus, Shandongvirus, Loudonvirus and Guelphvirus.  This genus is named in honour of Prof. Dr. Volkmar Braun (1938 -) - Professor for Microbiology at the University of Tuebingen, and Max Planck Institute for Developmental Biology; in whose laboratory phage RTP was isolated.

Appendix A.  BLASTn analysis of the T1-like phages identified in GenBank.  

Appendix B. vConTACT 2.0 analysis of the T1-like phages.
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