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Abstract

	
Currently only three Clostridioides myoviruses have been taxonomically assigned - to a single genus Lubbockvirus.  A reassessment of this genus reveals that it should be split into two new genera – Yongloolinvirus and Colneyvirus; and, that a further genus, Sherbrookevirus, be formed.




Text of proposal
	
	






Supporting evidence
Background: The Phicd119likevirus genus was created by TaxoProp 2009.005aB to contain three Clostridium difficile phages (phiCD119, phiC2 and phiCD27) in the family Myoviridae. The genus was subsequently renamed Cd119virus (2015.025aB) and then Lubbockvirus (2018.007B).  While this genus still contains three species NCBI has tentatively identified a total of 11 species. This proposal is to assess the taxonomic position of all the myoviruses which infect Clostridioides difficile.

Proposal A: To remove PhiC2 and phiCD27 from the genus Lubbockvirus; and add one more species.

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.   

GenBank Summary:

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

	PhiCD119
	NC_007917.1
	AY855346.1
	53.33
	28.8
	79
	100
	100

	phiCDHM19
	NC_028996.1
	LK985322.1
	54.3
	28.5
	88
	78.3
	68.3

	
	
	
	
	
	
	
	

	phiC2
	NC_009231.1
	DQ466086.1
	56.54
	28.7
	82
	28.0
	50.6

	phiCD27
	NC_011398.1
	EU719189.1
	50.93
	29.3
	75
	17.9
	36.7


** Determined using BLASTn at NCBI [1-3]
*** Determined using CoreGenes 3.5 at http://binf.gmu.edu:8080/CoreGenes3.5/ [6]

BLASTN homologs:  The next closely related phage to PhiCD119 is Clostridium phage CDMH1 [1-3].  They share 27.2% overall DNA sequence identity.  

Phylogeny: The phylogenetic tree was constructed using the major capsid subunit protein of PhiCD119 and related phages with phylogeny.fr in “one click” mode [8]. "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 [9] for details."
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Proposal B: To create a new genus, Yongloolinvirus, containing four species in the family Myoviridae

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.  

Origin on the name of this taxon:  The name is derived from the National University of Singapore’s Yong Loo Lin School of Medicine, where in the Department of Microbiology, the first isolated phage of its type, Clostridium phage PhiC2

GenBank Summary:

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

	PhiC2
	NC_009231.1
	DQ466086.1
	56.54
	28.7
	82
	100
	100

	PhiMMP03
	NC_028959.1
	LN681542.1
	52.26
	28.9
	93
	85.6
	89.0

	PhiMMP01
	NC_028883.1
	LN681541.1
	44.46
	28.9
	81
	66.5
	70.7

	CDMH1
	NC_024144.1
	HG531805.1
	54.28
	28.4
	84
	40.5 (*)
	56.1


** Determined using BLASTn at NCBI [1-3]
*** Determined using CoreGenes 3.5 at http://binf.gmu.edu:8080/CoreGenes3.5/ [6]
* In our usual TaxoProps a genus is defined by possessing approximately 70% overall DNA sequence identity or greater.  In this case, based upon phylogeny, we are lumping temperate phage CDMH1 into this genus.

Specific reference: Goh S, Ong PF, Song KP, Riley TV, Chang BJ. The complete genome sequence of Clostridium difficile phage phiC2 and comparisons to phiCD119 and inducible prophages of CD630. Microbiology. 2007 Mar;153(Pt 3):676-85. PubMed PMID: 17322187. 

Hargreaves KR, Kropinski AM, Clokie MR. What does the talking?: quorum sensing signalling genes discovered in a bacteriophage genome. PLoS One. 2014 Jan 24;9(1):e85131. doi: 10.1371/journal.pobasedne.0085131. eCollection 2014. PubMed PMID: 24475037  [CDMH1]

BLASTN homologs:  The next closely related phage to PhiC2 is Clostridium phage CDKM9 [1-3].  They share 40.5% overall DNA sequence identity.    

Phylogeny: The phylogenetic tree was constructed using the A. large subunit terminase and B. major capsid subunit proteins of PhiC2 and related phages with phylogeny.fr in “one click” mode [8]. "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 [9] for details."

A. TerL protein
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B. Major capsid protein
[image: ]

Proposal C: To create a new genus, Colneyvirus, containing five species in the family Myoviridae

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.  

Origin on the name of this taxon:  The name is derived from Colney Lane, Norwich in Norfolk, England where in the Institute of Food Research (now Quadram Institute), Norwich Research Park, the first isolated phage of its type, Clostridium phage PhiCD27, was isolated.

GenBank Summary:

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

	PhiCD27
	NC_011398.1
	EU719189.1
	50.93
	29.3
	75
	100
	100

	CDKM9
	
	KX228399.1
	49.82
	29.0
	75
	69.8
	70.7

	phiCD505
	NC_028764.1
	LN681539.1
	49.32
	29.4
	76
	63.7
	70.7

	phiMMP02
	NC_019421.1
	JX145341.1
	48.4
	29.6
	76
	56.9(*)
	66.7

	CDKM15
	
	KX228400.1
	50.61
	28.7
	79
	58.2(*)
	66.7


** Determined using BLASTn at NCBI [1-3]
*** Determined using CoreGenes 3.5 at http://binf.gmu.edu:8080/CoreGenes3.5/ [6]
* In our usual TaxoProps a genus is defined by possessing approximately 70% overall DNA sequence identity or greater.  In this case based upon phylogeny we are lumping temperate phage CDKM15 and phiMMP02 into this genus.

Specific reference: Mayer, M.J., Narbad, A. and Gasson, M.J. (2008). Molecular characterisation of a Clostridium difficile bacteriophage and its cloned biologically active endolysin. J. Bacteriology 190 6734-6740. doi: 10.1128/JB.00686-08 [PhiCD27]

Rashid SJ, Barylski J, Hargreaves KR, Millard AA, Vinner GK, Clokie MR. Two
Novel Myoviruses from the North of Iraq Reveal Insights into Clostridium difficile Phage Diversity and Biology. Viruses. 2016 Nov 16;8(11). pii: E310. PubMed PMID: 27854339 [PhiCD27, CDKM15]

Meessen-Pinard M, Sekulovic O, Fortier LC. Evidence of in vivo prophage induction during Clostridium difficile infection. Appl Environ Microbiol. 2012 Nov;78(21):7662-70. doi: 10.1128/AEM.02275-12. Epub 2012 Aug 24. PubMed PMID: 22923402 [phiMMP02]

BLASTN homologs:  The next closely related phage to PhiCD27 is Clostridium phage PhiC2 [1-3].  They share 37.5% overall DNA sequence identity.    

Phylogeny: The phylogenetic tree was constructed using the large subunit terminase proteins of PhiCD27 and related phages with phylogeny.fr in “one click” mode [8]. "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 [9] for details."

TerL protein
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Proposal D: To create a new genus, Sherbrookevirus, containing six species in the family 
Myoviridae

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.  

Origin on the name of this taxon:  The name is derived from the university (l'Université de Sherbrooke, Québec, Canada) at which the type virus Clostridium phage phiMMP04 was isolated.

GenBank Summary:

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

	phiMMP04
	NC_019422.1
	JX145342.1
	31.67
	30.0
	51
	100
	100

	phiCDHM13
	NC_029116.1
	HG796225.1
	33.60
	30.0
	50
	75.6
	76.5

	phiCD481-1
	NC_028951.1
	LN681538.1
	32.85
	30.3
	54
	73.1
	80.4

	phiCDHM14
	
	LK985321.1
	32.65
	30.6
	50
	71.8
	72.6

	phiCDHM11
	NC_029001.1
	HG798901.1
	32.00
	30.5
	49
	70.2
	66.7

	phiCD506
	NC_028838.1
	LN681540.1
	33.27
	29.6
	53
	67.7
	72.6


** Determined using BLASTn at NCBI [1-3]
*** Determined using CoreGenes 3.5 at http://binf.gmu.edu:8080/CoreGenes3.5/ [6]

Specific reference: Meessen-Pinard M, Sekulovic O, Fortier LC. Evidence of in vivo prophage
induction during Clostridium difficile infection. Appl Environ Microbiol. 2012 Nov;78(21):7662-70. doi: 10.1128/AEM.02275-12. Epub 2012 Aug 24. PubMed PMID: 22923402 [phiMMP04]

Hargreaves KR, Clokie MR. A Taxonomic Review of Clostridium difficile Phages and Proposal of a Novel Genus, "Phimmp04likevirus". Viruses. 2015 May 21;7(5):2534-41. doi: 10.3390/v7052534. PubMed PMID: 26008700 [phiCDHM11]

BLASTN homologs:  The next closely related phage to phiMMP04 is Clostridium phage phiCDHM19 [1-3].  They share 22.4% overall DNA sequence identity.    

Phylogeny: The phylogenetic tree was constructed using the large subunit terminase proteins of phiMMP04 and related phages with phylogeny.fr in “one click” mode [8]. "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 [9] for details."

TerL protein
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