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	Abstract of Taxonomy Proposal: 


	
Description of current taxonomy:   
The phages in this proposal all belong to the subfamily Cardingvirinae which was established by Taxonomy Proposal 2025.007B.Cardingvirinae_1nsf_2ng_18ns. 

Proposed taxonomic change(s):     
We propose to create a new family Qebehsenuefviridae containing the existing subfamily, Cardingvirinae; and to update the constituent genera: Gotuavirus and Kherlenvirus.
 
Demarcation criteria for new taxon/taxa: 
Family demarcation criteria: The family is represented by a cohesive and monophyletic group in whole-genome proteome-based clustering tools (e.g. VirClust, ViPTree, GRAViTy v2, vConTACT3).  Members of the family share a significant number of orthologous genes, the number of which will vary depending on the genome sizes and number of coding sequences of members of the family.

Subfamily demarcation criteria: Subfamilies are to be created when two or more genera are related below the family level. In practical terms, this usually means that they share a low degree of sequence similarity (usually about 40-50%) and that the genera form a clade in a marker tree phylogeny.

Genus demarcation criteria: In search for criteria that create cohesive and distinct genera that are reproducible and monophyletic, the Bacterial Viruses Subcommittee established 70% nucleotide identity of the genome length as the cut-off for genera. Genus-level groupings should always be monophyletic in the signature genes, as tested with a phylogenetic tree.

Species demarcation criteria: Two phages are assigned to the same species if their genomes are more than 95% identical over their genome length for isolates.  These values can be calculated by a number of tools, such as BLASTn – usually calculated using intergenomic distance calculator VIRIDIC.

Justification:      
Genomes in the subfamily Cardingvirinae cluster as a deep-branching clade in whole proteome TBLAST distance analysis. Comparisons to other phages in the INSDC using a global protein clustering approach indicate that these phages represent a distinct evolutionary lineage in the class Caudoviricetes which we propose represents a new family: Qebehsenuefviridae. A further 19 new species are proposed on the basis of intergenomic nucleotide similarities, which can be classified into the genera Gotuavirus and Kherlenvirus.



	Text of Taxonomy proposal:  

	Description of current taxonomy:   
The phages in this proposal all belong to the subfamily Cardingvirinae which was established by Taxonomy Proposal 2025.007B.Cardingvirinae_1nsf_2ng_18ns. This subfamily includes two genera and 18 species.

Proposed taxonomic change(s):     
We propose to create a new family “Qebehsenuefviridae” containing the existing subfamily, Cardingvirinae; and to update the constituent genera: Gotuavirus and Kherlenvirus.
 
Demarcation criteria for new taxon/taxa: 
Family demarcation criteria: The family is represented by a cohesive and monophyletic group in whole-genome proteome-based clustering tools (e.g. VirClust, ViPTree, GRAViTy v2, vConTACT3).  Members of the family share a significant number of orthologous genes, the number of which will vary depending on the genome sizes and number of coding sequences of members of the family.

Subfamily demarcation criteria: Subfamilies are to be created when two or more genera are related below the family level. In practical terms, this usually means that they share a low degree of sequence similarity (usually about 40-50%) and that the genera form a clade in a marker tree phylogeny.

Genus demarcation criteria: In search for criteria that create cohesive and distinct genera that are reproducible and monophyletic, the Bacterial Viruses Subcommittee established 70% nucleotide identity of the genome length as the cut-off for genera. Genus-level groupings should always be monophyletic in the signature genes, as tested with a phylogenetic tree [1].

Species demarcation criteria: Two phages are assigned to the same species if their genomes are more than 95% identical over their genome length for isolates.  These values can be calculated by a number of tools, such as BLASTn – usually calculated using intergenomic distance calculator VIRIDIC.

Justification:      
To identify related genomes in the INSDC, a protein clustering approach was employed using a custom Python pipeline with 28,717 genomes in the 14Apr2025 release of INPHARED [2] as input. Briefly, proteins were clustered using MMSeqs2 [3] with parameters set to a minimum sequence identity of ≥30% sequence identity and an ≥80% coverage threshold. The pipeline converted the number of shared protein clusters between genomes into an all-vs-all Jaccard distance matrix, which formed the basis of a connected-component network. The network was split into discrete islands using a minimum Jaccard similarity of 0.05 and subsequently hierarchically clustered at set distance thresholds. At each level, the number and identity of conserved protein clusters was determined. 

Genomes representing species in the subfamily Cardingvirinae were found to form a distinct clade based on the Jaccard similarity calculated from shared protein clusters, exhibiting 32 protein homologs common to all genomes (Figures 1 and 2). This clade, for which we propose new family, “Cardingvirinae”, was supported by the hierarchically clustered TBLASTX distance tree (ViPTree) [5,6], where the subfamily form a deep-branching clade (Figure 3). The structure of the proposed family was reinforced using a concatenated core-gene maximum likelihood phylogeny (Figure 4). Intergenomic nucleotide similarities calculated using VIRIDIC [7] (Figure 5) support the creation of 19 new species within the genera Gotuavirus and Kherlenvirus.
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	Tables, Figures:  



Table 1. Conserved proteins present in all bacteriophages within the proposed family Qebehsenuefviridae

	Cluster
	Predicted function
	Average within cluster % identity 
	Average protein length (aa)

	1
	major head protein
	81.11
	213.16

	2
	hypothetical protein
	45.37
	92.95

	3
	replication initiation protein
	75.76
	314.89

	4
	virion structural protein
	80.61
	249.37

	5
	hypothetical protein
	80.72
	212.26

	6
	pyrophosphatase
	73.49
	197.47

	7
	single strand DNA binding protein
	82.09
	152

	8
	Rnase E
	86.04
	195.79

	9
	hypothetical protein
	62.64
	93.47

	10
	hypothetical protein
	83.61
	190

	11
	virion structural protein
	78.46
	306

	12
	hypothetical protein
	67.75
	117.32

	13
	hypothetical protein
	77.64
	314.16

	14
	Erf-like ssDNA annealing protein
	77.54
	208.32

	15
	hypothetical protein
	79.3
	83.68

	16
	thymidylate synthase
	86.63
	266.58

	17
	hypothetical protein
	69.36
	138.89

	18
	hypothetical protein
	83.23
	146.53

	19
	Holliday junction resolvase
	74.76
	202

	20
	hypothetical protein
	73.56
	132.47

	21
	hypothetical protein
	81.23
	107.11

	22
	hypothetical protein
	84.58
	726.68

	23
	portal protein
	84.64
	562.47

	24
	RecE-like recombination exonuclease
	84.26
	314.47

	25
	hypothetical protein
	83.72
	436.42

	26
	tail length tape measure protein
	87.07
	1045.53

	27
	hypothetical protein
	73.72
	65.05

	28
	tail protein
	93.17
	151

	29
	HNH endonuclease
	90.96
	145.16

	30
	virion structural protein
	86.26
	439

	31
	hypothetical protein
	56.79
	67.84

	32
	hypothetical protein
	72.9
	128.32
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Figure 1. Presence-absence matrix of protein clusters by genome. Rows and columns were hierarchically clustered using the complete linkage method. Rows represent individual genomes with columns representing protein clusters. Vertical blue bars denote the presence of protein clusters in each genome.
[image: ] 
Figure 2. Heatmap of Jaccard similarity calculated from the percentage of shared protein clusters between genomes. 


[image: ]

Figure 3. ViPTree analysis:  ViPTree analysis (https://www.genome.jp/viptree/; [4]) is based upon Rohwer and Edwards (2002) Phage Proteomic Tree [5].   The taxons under discussion are indicated with red bars and stars.   Abbreviations: phg = phage; Bact = Bacteroides.
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Figure 4. Concatenated core-gene maximum likelihood phylogeny of 19 new species proposed in the genera Gotuavirus and Kherlenvirus. Protein clusters were aligned with MAFFT e-insi [7, 8] and trimmed with trimAl with a gap threshold of 0.5. The tree was inferred using IQTree3 [9] using a best-fit partition model inferred [10] from trees of individual protein cluster alignments and branch support was tested 1000 ultra-fast bootstrap [11] and SH-Alrt test replicates. The tree was rooted at the midpoint and bootstrap support ≥95% are shown as circles at branch points. The tree was visualized using iTOL [12,13].
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Figure 5. VIRIDIC heatmap of this group of phages.   VIRIDIC (Virus Intergenomic Distance Calculator; VIRIDIC (Virus Intergenomic Distance Calculator; [6]; http://rhea.icbm.uni-oldenburg.de/VIRIDIC/) computes pairwise intergenomic distances/similarities amongst phage genomes. Because the magnification makes it difficult to examine the data, the original Excel spreadsheet is attached. Names highlighted in gold correspond to existing species, while those in green are new species. Abbreviations: phg = phage; Bact = Bacteroides 


Table 2.  To create nine new species in the genus Gotuavirus

	Accession No.
	Exemplar
	Taxon

	PX441744
	Bacteroides phage vB_BfrS_ZCBF01
	Gotuavirus ZCBF01

	PZ319854
	Bacteroides phage vB_BfragS-HLBF003
	Gotuavirus HLBF003

	PZ319852
	Bacteroides phage vB_BfragS-HLBF001
	Gotuavirus HLBF001

	PZ319855
	Bacteroides phage vB_BfragS-HLBF004
	Gotuavirus HLBF004

	PZ319856
	Bacteroides phage vB_BfragS-HLBF005
	Gotuavirus HLBF005

	PX436277
	Bacteroides phage Bf12P1
	Gotuavirus Bf12P1

	PZ319853
	Bacteroides phage vB_BfragS-HLBF002
	Gotuavirus HLBF002

	PZ150991
	Bacteroides phage BFW203V19
	Gotuavirus BFW203V19

	OP172679
	Bacteroides phage BF766P4
	Gotuavirus BF766P4




Table 3.  To create 10 new species in the genus Kherlenvirus

	Accession No.
	Exemplar
	Taxon

	PZ150990
	Bacteroides phage BFW203V18
	Kherlenvirus BFW203V18

	PZ150974
	Bacteroides phage BF131U45
	Kherlenvirus BF131U45

	PZ150975
	Bacteroides phage BF131U46
	Kherlenvirus BF131U46

	PZ150972
	Bacteroides phage BF120U40
	Kherlenvirus BF120U40

	PZ150971
	Bacteroides phage BF119V42
	Kherlenvirus BF119V42

	PZ150979
	Bacteroides phage BF4V58
	Kherlenvirus BF4V58

	PZ150976
	Bacteroides phage BF131Y47
	Kherlenvirus BF131Y47

	PZ150970
	Bacteroides phage BF119U43
	Kherlenvirus BF119U43

	PZ150978
	Bacteroides phage BF22V65
	Kherlenvirus BF22V65

	PZ150992
	Bacteroides phage BFW218U59
	Kherlenvirus BFW218U59
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