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      	Escherichia coli phage lambda (λ) was one of the first bacterial viruses classified by ICTV (1971 ICNV 1st Report). Currently, ICTV recognizes three species in the Lambdavirus genus: Escherichia virus lambda [1], Escherichia virus HK022 [2], and Escherichia virus HK97 [2]. This is unlike NCBI, which recognizes 90 viruses as belonging to this genus or as “unclassified Lambda-like viruses.” It is worthwhile distinguishing between lambdoid phages, which would include Salmonella phage P22, and members of the Lambdavirus sensu strictu.  Figure 1 illustrates the total DNA and protein sequence identities of six lambdoid phages ascertained using BLAST (Fig. 1A) and CoreGenes3.5 (Fig. 1B [2]). As can be readily appreciated from a taxonomic perspective these phages are only distantly related. This bears out the extensive study by Grose & Casjens [7] who showed that the genome of  Escherichia phage Lambda is distinct from that of HK022 and HK97.   
	A major problem with classifying these viruses is that they are highly recombinogenic and we have decided to draw the genus boundaries such that they make cohesive groups. 

Fig. 1. Overall DNA (A.) and total protein (B.) sequence relatedness of a select group of lambdoid phages.
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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.

Genus demarcation: Gegenees BLASTN (Fig. 2), and phylogenetic analyses (Fig. 3) [3] indicate that the proposed species belong to the genus Hk97virus. On average the genomes of members of this genus are 39.8 kb in length (49.8 mol% G+C) and encode approximately 62 proteins and no tRNAs.

The type species Escherichia virus HK97 was chosen because it represents the first sequenced member of this genus.

The name of the new genus was based on that of the first sequenced member. 


Table 1. Properties of the phages belonging to the genus Hk97virus.
	Escherichia phage
	RefSeq
	GenBank accession No.
	Genome length (kb)
	%G+C
	# proteins
	% DNA
sequence
identity*

	HK97
	NC_002167
	AF069529
	39.7
	49.8
	61
	100

	HK022
	NC_002166
	AF069308
	40.7
	49.5
	35**
	59

	mEpX2
	NC_019705
	JQ182726
	38.8
	50.1
	67
	53

	HK542
	NC_019769
	JQ086373
	39.0
	50.9
	57
	58

	HK633
	NC_019719
	JQ086377
	41.5
	49.7
	67
	66

	HK106
	NC_019768
	JQ086369
	41.5
	49.3
	65
	74

	mEp234
	NC_019715
	JQ182732
	39.6
	49.6
	61
	68

	HK446
	NC_019714
	JQ086372
	39.0
	50.1
	60
	69

	HK544
	NC_019767
	JQ086374
	40.2
	49.8
	63
	68

	mEpX1
	NC_019709
	JQ182727
	41.6
	49.3
	66
	65

	HK75
	NC_016160
	HM173637
	36.7
	50.2
	58
	62



* Determined using NCBI BLASTN; ** problem with annotation

Fig 2.  Gegenees BLASTN analysis of a group on lambda-like phage genomes using custom settings: window, 100 bp; slide, 50 bp.  The members of the Hk97virus genus are highlighted in gold.
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Fig. 3. Phylogenetic analysis of the large subunit terminase proteins of Escherichia phage HK97-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". 
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