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Introduction

In 2012, Adriaenssens et al. [17], proposed, upon the basis of common features, a new genus of myoviruses, “Viunalikevirus”, which was subsequently accepted by the ICTV and ratified by the IUMS, and then renamed Vi1virus. This genus currently includes 14 species: Dickeya virus Limestone, Escherichia virus CBA120, Escherichia virus ECML4, Escherichia virus PhaxI, Salmonella virus Det7, Salmonella virus Marshall, Salmonella virus Maynard, Salmonella virus SFP10, Salmonella virus SH19, Salmonella virus SJ2, Salmonella virus SJ3, Salmonella virus STML131, Salmonella virus ViI, and Shigella virus AG3. A reassessment of this genus and phages related to its members involving detailed BLAST analyses (Fig. 2AB, Fig. 3B), phylogeny (Fig. 1AB), and prokaryotic virus orthologous groups (pVOG, Fig. 3A) revealed that this genus should be replaced by two subfamilies, each containing two genera, to be classified into a new family within the order Caudovirales.

Species demarcation: We have chosen 95% DNA sequence identity as the criterion for demarcation of species in this new genus. The members of each of the proposed species differ from those of other species by more than 5% at the DNA level as confirmed with the BLASTN algorithm.

A. Ag3virus – new genus

Genus demarcation: BLASTN (Fig. 2, Table 1), TBLASTX (Fig. 3B), phylogenetic analyses (Fig. 1) [3], and pVOG analysis (Fig. 3A) all indicate that the proposed genus, Ag3virus, is cohesive and distinct from other genera. On average the genomes of members of this genus are 158.8 kb in length (50.3 mol% G+C), and encode 212 proteins and 5.5 tRNAs. 

Type species: Shigella virus Ag3

Genus name:  is based on that of the first sequenced member.

Table 1. Properties of the phages in this genus.
	Phage Name
	GenBank accession No.
	RefSeq No.
	Genome length (kb)
	%G+C
	# proteins
	# tRNA
	% DNA
sequence
identity*

	Shigella phage phiSboM-AG3
	FJ373894
	NC_013693
	158.0
	50.4
	216
	4
	100

	Salmonella phage SKML-39 #
	JX181829
	NC_019910
	159.6
	50.2
	208
	7**
	87


** None indicated in GenBank record; # new species


B. Limestonevirus – new genus

Genus demarcation: BLASTN (Fig. 2, Table 1), TBLASTX (Fig. 3B), phylogenetic analyses (Fig. 1) [3] and pVOG analysis (Fig. 3A) all indicate that the proposed genus, Limestonevirus, is cohesive and distinct from other genera. On average the genomes of members of this genus are 153.4 kb in length (49.4 mol% G+C), and encode 196 proteins and 1 tRNA. 

Type species:  Dickeya virus Limestone

Genus name:  is based on that of the first sequenced member.

Table 2. Properties of the phages in this genus.
	Phage Name
	GenBank accession No.
	RefSeq No.
	Genome length (kb)
	%G+C
	# proteins
	# tRNA
	% DNA
sequence
identity*

	Dickeya phage vB_DsoM_LIMEstone1
	HE600015
	NC_019925
	152.4
	49.3
	201
	1
	100

	Dickeya phage phiD3***
	KM209228
	-
	152.3
	49.4
	190
	1
	97

	Dickeya phage RC-2014 #
	KJ716335
	NC_025452
	155.4
	49.6
	196
	1
	96


*** should be considered a strain of Dickeya virus Limestone within this genus; # new species


C. Cba120virus – new genus

Genus demarcation: BLASTN (Fig. 2, Table 1), TBLASTX (Fig. 3B), phylogenetic analyses (Fig. 1) [3], and pVOG analysis (Fig. 3A) all indicate that the proposed genus, Cba120virus, is cohesive and distinct from other genera. On average the genomes of members of this genus are 158.1 kb in length (44.5 mol% G+C), and encode 201 proteins and 4.3 tRNAs. 

Type species:  Escherichia virus CBA120

Genus name:  is based on that of the first sequenced member.

Table 3. Properties of the phages in this genus.
	Phage Name
	GenBank accession No.
	RefSeq No.
	Genome length (kb)
	%G+C
	# proteins
	# tRNA
	% DNA
sequence
identity*

	Escherichia phage CBA120
	JN593240
	NC_016570
	157.3
	44.5
	204
	4
	100

	Salmonella phage SFP10
	HQ259103
	NC_016073
	158.0
	44.5
	201
	4
	92

	Salmonella phage GG32 #
	KX245012
	NC_031045
	157.9
	44.5
	202
	4
	89

	Escherichia phage PhaxI	
	JN673056
	NC_019452
	156.6
	44.5
	209
	4
	93

	Salmonella phage Det7 #
	KP797973
	NC_027119
	157.5
	44.6
	210
	5
	86

	Salmonella phage PhiSH19
	JN126049
	NC_019530
	157.8
	44.7
	166
	5**
	86

	Salmonella phage 38 #
	KR296692
	NC_029042
	156.8
	44.6
	265***
	5**
	88

	Salmonella phage vB_SalM_PM10 #
	KX438380
	NC_031128
	158.1
	44.6
	209
	5
	88

	Salmonella phage vB_SalM_SJ3
	KJ174318
	NC_024122
	162.9
	44.4
	210
	4
	91


** None indicated in RefSeq; *** sequence contains numerous errors; # new species

D. Vi1virus – existing genus

Genus demarcation: BLASTN (Fig. 2, Table 1), TBLASTX (Fig. 3B), phylogenetic analyses (Fig. 1) [3], and pVOG analysis (Fig. 3A) all indicate that the proposed genus, Vi1virus, is cohesive and distinct from other genera. On average the genomes of members of this genus are 155.6 kb in length (45.3 mol% G+C), and encode 202 proteins and 4.3 tRNAs. 

Type species:  Salmonella virus ViI

Genus name:  is based on that of the first sequenced member.

Table 4. Properties of the phages in this genus.
	Phage Name
	GenBank accession No.
	RefSeq No.
	Genome length (kb)
	%G+C
	# proteins
	# tRNA
	% DNA
sequence
identity*

	Salmonella phage Vi01
	FQ312032
	NC_015296
	157.1
	45.2
	208
	6**
	100

	Escherichia phage ECML-4
	JX128257
	NC_025446
	157.3
	45.0
	198
	5
	91

	Salmonella phage vB_SalM_SJ2
	KJ174317
	NC_023856
	152.5
	44.9
	197
	4
	84

	Salmonella phage Marshall
	KF669653
	NC_022772
	156.3
	45.6
	205
	4
	88

	Salmonella phage Maynard
	KF669654
	NC_022768
	154.7
	45.6
	200
	4
	86


** None indicated in RefSeq; *** sequence contains numerous errors


Subfamily demarcation:  The BLASTN results (Fig. 2A) indicates two groupings: Vi1virus-Cba120virus, the members of which share >37% DNA sequence relatedness based upon Gegenees [4] analyses; and, Ag3virus-Limestonevirus, the members of which share >40% DNA sequence relatedness. The members of these two subfamilies share little DNA relatedness, but significant protein similarity (Fig. 2B). 

Subfamily names:  Cvivirinae is a sigil of the names of the two included genera – Cba120virus and Vi1virus. Aglimvirinae is a sigil of the name of the two included genera – Ag3virus and Limestonevirus.


Family demarcation:  The genomes of individual viruses in this proposed viral family have little (<15%) overall DNA sequence identity (Fig. 2A), but >35% protein sequence identity (Fig. 2B).

Family name:  Ackermannviridae, named after Hans-Wolfgang Ackermann (Université Laval, Canada; 1936 - 2017), a former life member of ICTV. He had so very much to do with so many phages, but quite explicitly with this group, starting much earlier with ViI, and his is a name most people in the phage field today would recognize, as well as being quite a distinct, recognizable name.  He was involved deeply with at least three of the four distinct genera there.

New unassigned species within new family

According to the family demarcation criteria (Fig. 1, Fig. 3), there are currently four phages (Serratia phage vB_Sru_IME250, Klebsiella phage 0507-KN2-1, Serratia phage phiMAM1 and Erwinia phage phiEa2809) that should belong to the family, but which have genomes with insufficient similarity to other isolates to justify proposing new genera or subfamilies. Erwinia phage phiEa2809 and Serratia phage phiMAM1 have been recognized since their discovery as related to Salmonella virus Vi1 [18,19]. Serratia phage KPN4 has currently not been included in the family, since the deposited sequence (KX452697.1) has no associated annotation. 
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Fig. 1. Phylogenetic analysis of (A) large subunit terminase proteins, and (B) tail sheath proteins of phage ViI-related viruses and variety of other phage proteins constructed using “one click” at phylogeny.fr [3]. "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 (Syst Biol. 2006;55(4):539-52.) for details".   N.B. The genera are boxed: Limestonevirus, red; Ag3virus, black; Cba120virus, blue; and, Vi1virus, green. 

A. TerL proteins

[image: C:\Users\Andrew Kropinski\Desktop\Viunavirinae TaxProp 2017\TerL phylogenetic tree.tif]



B. Tail sheath proteins

[image: C:\Users\Andrew Kropinski\Desktop\Viunavirinae TaxProp 2017\Tail sheath phylogenetic tree.tif]

Fig.2A. BLASTN heat map generate using Gegenees [4] and accurate parameters – fragment length: 200 bp; step size: 100 bp.  

[image: C:\Users\Andrew Kropinski\Desktop\Viunavirinae TaxProp 2017\Gegenees BLASTN results.tif]


Fig. 2B. TBLASTX heat map generate using Gegenees [4] and accurate parameters – fragment length: 200 bp; step size: 100 bp.  

[image: C:\Users\Andrew Kropinski\Desktop\Viunavirinae TaxProp 2017\Gegenees TBLASTX results.tif]





Fig 3.  NCBI generated pVOG (A) and tBLASTx (B) trees. The trees were extracted in GenomeWorkbench (NCBI) from the entire phage sequence space tree (C) in which the new family is highlighted in blue. N.B. The genera are boxed: Limestonevirus, red; Ag3virus, black; Cba120virus, blue; and Vi1virus, green.

A. pVOG. The pVOGs were analyzed as follows for all phages in the NCBI database: using NCBI ORFfinder [21] all top level ORFs were identified (no use of current annotation) and were then annotated using the pVOG HMM models from [20]. Then, for each pair of vectors the distance was calculated using the formulae from [22] and the tree calculated using the FastME 1.0 algorithm [23]. 




B. tBLASTx. Genomes were compared using tblastx one nucleotide against another in forward and reverse direction and symmetric coverage was calculated (2 * number of unique positions in hits / sum of length). Distances were calculated as the average between reciprocal symmetric coverages and the tree was calculated using FastME 1.0 [23].


C. pVOG prokaryotic virus sequence space tree
[image: ]
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