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Abstract

	This work is part of an effort to correctly classify Phi29-like phages which infect Clostridium strains.  We propose that this group contain four Genera, one Subfamily in a new constituted family, Guelinviridae.
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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: _Hlk39318928]Proposal 1: To create a new genus, Brucesealvirus, of Clostridium phages

[bookmark: _Hlk40354317]Origin of the name of this taxon:  This taxon is named in honour of Dr. Bruce Seal (b.1952). The bulk of his research was in the animal health programs of the Agricultural Research Service of the USDA at the National Animal Disease Center in Ames (IA) and the high containment facility for avian viral diseases then subsequently the food safety programs in Athens (GA). While there he and Dr. Greg Siragusa were responsible for the isolation and characterization of multiple Clostridium perfringens phages. He retired from the ARS-USDA during 2014 and now is an Instructor and Adjunct in the Biology Program at Oregon State University Cascades campus in Bend, OR, USA)

Historical aspects: Phages belonging to this cluster were isolated in Korea, Russia and the USA.  Phage CPS2 possesses an icosahedral head approximately 40 nm in diameter and a non-contractile tail (from baseplate of virion to tail fiber) of 15 nm.  It is active on Clostridium perfringens cells. “The sequence analysis showed the linear structure of CPS2 double-stranded DNA, as well as the inverted terminal repeats (ITR) of 366 nucleotide pairs on the phage genomic termini. Furthermore, the CPS2 genome encoded a putative Type-B DNA polymerase that is utilized in a protein-primed replication mechanism, implying the presence of terminal proteins for DNA replication” [Ha E et al. 2018, 13].

Phages φCPV4 and φZP2, were isolated in the Moscow Region of the Russian Federation while another closely related virus, named φCP7R, was isolated in the southeastern USA.  The ITRs of the φCPV4 genome were 28 nucleotide pairs in length, while the ITRs of the φZP2 genome consisted of 30 nucleotide pairs and the ITRs of φCP7R were 25 nucleotide pairs [Volozhantsev NV et al 2012, 14].

Genome summary:

	Phage name
	RefSeq No.
	INSDC 
	Size (Kb)
	GC% 
	Protein 
	Overall % DNA sequence identity (*)
	Overall % homologous proteins (**)

	phiCP7R
	NC_017980.1
	JQ729990.1
	18.40
	34.8
	26
	100
	100

	phiZP2
	NC_018084.1
	JQ729992.1
	18.08
	34.5
	27
	85.2
	84.2

	phiCPV4
	NC_018083.1
	JQ729991.1
	17.97
	34.5
	28
	91.5
	80.8

	CPS2
	
	MH248069.1
	17.96
	33.3
	25
	74.4
	76.9


(*) determined using VIRIDIC [1]
(**) determined using CoreGenes 3.5 [4]

VIRIDIC heat map:  VIRIDIC (Virus Intergenomic Distance Calculator; 1) computes pairwise intergenomic distances/similarities amongst phage genomes. The black box delineates strains
[image: ]

[bookmark: _Hlk38554014]Specific References:  
[bookmark: _Hlk39410904]Ha E, Son B, Ryu S. Clostridium perfringens Virulent Bacteriophage CPS2 and Its Thermostable Endolysin LysCPS2. Viruses. 2018;10(5). pii: E251. doi: 10.3390/v10050251. PubMed PMID: 29751651.

Volozhantsev NV, Oakley BB, Morales CA, Verevkin VV, Bannov VA, Krasilnikova VM, Popova AV, Zhilenkov EL, Garrish JK, Schegg KM, Woolsey R, Quilici DR, Line JE, Hiett KL, Siragusa GR, Svetoch EA, Seal BS. Molecular characterization of podoviral bacteriophages virulent for Clostridium perfringens and their comparison with members of the Picovirinae. PLoS One. 2012; 7(5):e38283. doi: 10.1371/journal.pone.0038283. Epub 2012 May 29. PubMed PMID: 22666499


Phylogeny: The phylogenetic tree was constructed using the A. pre-neck appendage protein, B. DNA polymerases and C. tail protein homologs of phiCP7R and related phages with phylogeny.fr in “one click” mode [6]. "The "One Click mode" targets users that do not wish to deal with program and parameter selection. By default, the pipeline is already set up to run and connect programs recognized for their accuracy and speed (MUSCLE for multiple alignment and PhyML for phylogeny) to reconstruct a robust phylogenetic tree from a set of sequences." It also includes the use of Gblocks to eliminate poorly aligned positions and divergent regions. "The usual bootstrapping procedure is replaced by a new confidence index that is much faster to compute. See: Anisimova M., Gascuel O. Approximate likelihood ratio test for branches: A fast, accurate and powerful alternative [7] for details."

A. pre-neck appendage protein

[image: ]
B. DNA polymerases
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[bookmark: _Hlk39326931]
C. Tail protein

[image: ]



B. Proposal 2: To create a new genus, Gregsiragusavirus, of Clostridium phages

Origin of the name of this taxon:  This taxon is named in honour of Dr. Gregory Siragusa (b. 1960).  While a scientist with the Agricultural Research Service of USDA at the National Animal Disease Center in Ames (IA) and the high containment facility for avian viral diseases in Athens (GA) he and Dr. Bruce Seal were responsible for the isolation and characterization of multiple Clostridium perfringens phages. He is now Senior Principal Scientist in the Microbiomics program of Eurofins Microbiology Laboratories USA.

Historical aspects: “Bacteriophage ΦCP24R was isolated from raw sewage from a waste treatment plant, and lytic activity was observed against a type A Clostridium perfringens isolate. Electron microscopy revealed a small virion (44-nm-diameter icosahedral capsid) with a short, non-contractile tail, indicative of a member of the family Podoviridae” [Morales CA et al. 2012, 15].

Genome summary:

	Phage name
	RefSeq No.
	INSDC 
	Size (Kb)
	GC% 
	Protein 
	Overall % DNA sequence identity (*)
	Overall % homologous proteins (**)

	Phi24R
	NC_019523.1
	JN800508.1
	18.92
	27.8
	22
	100
	100

	CPS1
	
	KY996523.1
	19.09
	28.3
	25
	80.5
	95.4

	CPD2
	
	MH999279.1
	18.21
	27.9
	22
	81.9
	90.9


(*) determined using VIRIDIC [1]
(**) determined using CoreGenes 3.5 [4]

VIRIDIC heat map:  VIRIDIC (Virus Intergenomic Distance Calculator; 1) computes pairwise intergenomic distances/similarities amongst phage genomes. The black box delineates strains. (P) indicates a partial genome
[image: ]

Specific References:  Morales CA, Oakley BB, Garrish JK, Siragusa GR, Ard MB, Seal BS. Complete genome sequence of the podoviral bacteriophage ΦCP24R, which is virulent for Clostridium perfringens. Arch Virol. 2012;157(4):769-72. doi: 10.1007/s00705-011-1218-2. Epub 2012 Jan 5. PubMed PMID: 22218967.


Phylogeny: The phylogenetic tree was constructed using the D. pre-neck appendage protein, E. DNA polymerases and F. tail protein homologs of ph24R and related phages with phylogeny.fr in “one click” mode [6]. "The "One Click mode" targets users that do not wish to deal with program and parameter selection. By default, the pipeline is already set up to run and connect programs recognized for their accuracy and speed (MUSCLE for multiple alignment and PhyML for phylogeny) to reconstruct a robust phylogenetic tree from a set of sequences." It also includes the use of Gblocks to eliminate poorly aligned positions and divergent regions. "The usual bootstrapping procedure is replaced by a new confidence index that is much faster to compute. See: Anisimova M., Gascuel O. Approximate likelihood ratio test for branches: A fast, accurate and powerful alternative [7] for details."

D. pre-neck appendage protein
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E. DNA polymerases

[image: ]
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F. Tail protein
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C. [bookmark: _Hlk39421132]Proposal 3: To create a new genus, Capvunavirus, of Clostridium phages

Origin of the name of this taxon:  This taxon’s name is derived from the first isolate of its type, Clostridium phage CpV1.

Historical aspects: Phage phiCpV1 was isolated from poultry farm waste in Moscow (Russia). “The purified virus had an icosahedral head and collar of approximately 42nm and 23nm in diameter, respectively, with a structurally complex tail of 37nm lengthwise and a basal plate of 30nm.”  Its genome possesses 25bp terminal inverted repeats to which proteins are covalently bonded. [Volozhantsev NV et al. 2011, 14]

[bookmark: _Hlk40426650]Genome summary:
	Phage name
	RefSeq No.
	INSDC 
	Size (Kb)
	GC% 
	Protein 

	CpV1
	
	HM640230.1
	16.75
	30.5
	22



VIRIDIC heat map:  VIRIDIC (Virus Intergenomic Distance Calculator; 1) computes pairwise intergenomic distances/similarities amongst phage genomes. The black box delineates strains. (P) indicates a partial genome
[image: ]


Specific References:  
Volozhantsev NV, Verevkin VV, Bannov VA, Krasilnikova VM, Myakinina VP, Zhilenkov EL, Svetoch EA, Stern NJ, Oakley BB, Seal BS. The genome sequence and proteome of bacteriophage ΦCPV1 virulent for Clostridium perfringens. Virus Res.  2011;155(2):433-9. doi: 10.1016/j.virusres.2010.11.012. Epub 2010 Dec 7. PubMed PMID: 21144870.


Phylogeny: The phylogenetic tree was constructed using the G. pre-neck appendage protein, H. DNA polymerases and I. tail protein homologs of phiCpV1 and related phages with phylogeny.fr in “one click” mode [6]. "The "One Click mode" targets users that do not wish to deal with program and parameter selection. By default, the pipeline is already set up to run and connect programs recognized for their accuracy and speed (MUSCLE for multiple alignment and PhyML for phylogeny) to reconstruct a robust phylogenetic tree from a set of sequences." It also includes the use of Gblocks to eliminate poorly aligned positions and divergent regions. "The usual bootstrapping procedure is replaced by a new confidence index that is much faster to compute. See: Anisimova M., Gascuel O. Approximate likelihood ratio test for branches: A fast, accurate and powerful alternative [7] for details."

G. pre-neck appendage protein
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H. DNA polymerases
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I. Tail protein
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D. Proposal 4: To create a new genus, Susfortunavirus, of Clostridium phages

Origin of the name of this taxon:  This taxon’s name is derived from the first isolate of its type, Clostridium phage susfortuna.

Historical aspects: Clostridium phage susfortuna was isolated in Denmark while Clostridium phage CPD2 was isolated in Korea.

Genome summary:

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

	susfortuna
	
	MH393889.1
	19.05
	29.2
	28


N.B. phage CPD7 [MK017820.1] is a strain in this genus.

VIRIDIC heat map:  VIRIDIC (Virus Intergenomic Distance Calculator; 1) computes pairwise intergenomic distances/similarities amongst phage genomes. The black box delineates strains. (P) indicates a partial genome
[image: ]

Specific References:  None

[bookmark: _Hlk40364040]Phylogeny: The phylogenetic tree was constructed using the J. pre-neck appendage protein, and K. tail protein homologs of susfortuna and related phages with phylogeny.fr in “one click” mode [6]. "The "One Click mode" targets users that do not wish to deal with program and parameter selection. By default, the pipeline is already set up to run and connect programs recognized for their accuracy and speed (MUSCLE for multiple alignment and PhyML for phylogeny) to reconstruct a robust phylogenetic tree from a set of sequences." It also includes the use of Gblocks to eliminate poorly aligned positions and divergent regions. "The usual bootstrapping procedure is replaced by a new confidence index that is much faster to compute. See: Anisimova M., Gascuel O. Approximate likelihood ratio test for branches: A fast, accurate and powerful alternative [7] for details."


J. pre-neck appendage protein
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K. Tail protein
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E. [bookmark: _Hlk40860876]Proposal 5: To create a new subfamily, Denniswatsonvirinae, of Clostridium phages

Origin of the name of this taxon:  This taxon is named in honour of Dr. Dennis W. Watson (Canadian born b. 1914 he joined the University of Minnesota in 1949, becoming the head of the microbiology department in the university's school of medicine. He led the department from 1964 to 1984, when he retired. He is one of the first scientists to isolate phages against Clostridium (1950). He died in 2008.
[image: ]
(derived from: University of Minnesota Medical Bulletin; volume XXXV, no. 4, page 146; 1963)
ViPTree analysis:  This suggests that Gregsiragusavirus and Capvunavirus are part of a Subfamily which we have named Denniswatsonvirinae.  This confirms the VIRIDIC analyses. 

[image: ]
[image: ]
[image: ]


F. Proposal 6: To create a new Family, Guelinviridae, of Clostridium phages

Origin of the name of this taxon:  This taxon is named in honour of Antonina Guelin née Chtchedrina (b. 1904 Saint-Petersbourg (Russia) - d. 1988 France). From 1944-1969 she was associated with "service du bactériophage" particularly phages of Clostridium perfringens and Clostridium histolyticum (http://hygie.frru.org/fr/fd-doc/fd-2). See: Guelin A., Kreguer A. (1950) Action of bacteriophage on the toxicity of young cultures of Cl. perfringens, type A. Annals Institute Pasteur (Paris). 78(4):532-537.  She isolated some of the first Clostridium phages.

[image: ]
(with permission from L’Institut Pasteur)
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Bacillus phage MG-B1 (NC_021336) [27,190 nt]
Bacillus phage Aurora (NC_031121) [25,908 nt]
4|E Bacillus phage Stitch (NC_031032) (24,320 nt]
Bacillus phage Claudi (NC_031015) [26,504 nt]
MK284526.1 [27,180 nt]
4|E MK284527.1 [26,357 nt]
MK284528.1 [26,865 nt]

MN082625.1 [20,083 nt]

— [/ | Bacillus virus GA1 (NC_002649) [21,129 nt]

MN857617.1 [20,784 nt]

Bacillus virus phi29 (NC_011048) [19,282 ]

MIN524844.1 [18,466 nt]
———— MIN524845.1 [18,932 nt]
I I Bacillus phage PZA (M11813) [19,366 nt]

Y MF407276.1 [19,105 nt]
— I I Bacillus virus B103 (NC_004165) [18,630 nt]
— Bacillus phage Nf (EU622808) [18,753 nt]
Y KU831549.1 [18,379 nf]
BB Verrucomicrobia phage P8625 (NC 029047) [32.894 nt]
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