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	Abstract of Taxonomy Proposal: 

	
Taxonomic rank(s) affected:  
Realm Duplodnaviria, kingdom Heunggongvirae, phylum Uroviricota, class Caudoviricetes


Description of current taxonomy:       
The genus Andromedavirus currently exists as a floating genus in the class Caudoviricetes

Proposed taxonomic change(s):     
A.	To create a new genus Suttonboningtonvirus with one species
B.	To create a new genus Gettysburgvirus with three species
C.	To add three new species to the genus Andromedavirus
D.	To create a new single species genus Anathvirus
E.	To create a new single species genus Dazunavirus
F.	To create a new single species genus Chennaivirus
G.        To create a new single species genus Nairobivirus
H.        To create a new family, Ehrlichviridae, for the above-mentioned taxa.

Justification:
The phages comprising these taxa form a deep branching clade using tblastx distances and single gene phylogeny. Core gene analysis shows the presence of 15 proteins conserved across all members of the proposed family.



	· Text of Taxonomy proposal:  

	
Taxonomic rank(s) affected:      Species, genus and Family 


Description of current taxonomy:       

At present only the genus Andromedavirus exists.

Proposed taxonomic change(s):     
A.	To create a new genus Suttonboningtonvirus with one species
B.	To create a new genus Gettysburgvirus with three species
C.	To add three new species to the genus Andromedavirus
D.	To create a  new single species genus Anathvirus
E.	To create a new single species genus Dazunavirus
F.	To create a new single species genus Chennaivirus
G.        To create a new single species genus Nairobivirus
H.        To create a new family, Ehrlichviridae, for the above mentioned taxa.

Demarcation criteria:
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 [1,2] – usually calculated using intergenomic distance calculator VIRIDIC [3].

Genus demarcation criteria: In search for criteria that create cohesive and distinct genera that are reproducible and monophyletic, the Bacterial Viruses Subcommittee has 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.   [10]

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. [10]

Family demarcation criteria: The family is represented by a cohesive and monophyletic group in the main predicted proteome-based clustering tools (VirClust, ViPTree, GRAViTy dendrogram, vConTACT2 network).  Members of the family share a significant number of orthologous genes (the number will depend on the genome sizes and number of coding sequences of members of the family). [10]

Justification:      
The phages comprising these taxa form a deep branching clade using tblastx distances and single gene phylogeny. Core gene analysis shows the presence of 15 proteins conserved across all members of the proposed family.
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Figure 1. VIRIDIC heat map of a portion of the members of this family:  VIRIDIC (Virus Intergenomic Distance Calculator; VIRIDIC (Virus Intergenomic Distance Calculator; [3]; http://rhea.icbm.uni-oldenburg.de/VIRIDIC/) computes pairwise intergenomic distances/similarities amongst phage genomes. Data values which are bordered in black correspond to strains. Abbreviations: phg = phage; Baci = Bacillus; Stap = Staphylococcus; Geob = Geobacillus. Since this figure is somewhat difficult to read we have appended the complete VIRIDIC heatmap (Ehrlichviridae_2024_VIRIDIC_heatmap).  The coloured accession numbers and phage names in Column A  represent ICTV-recognized species.
The results indicate the existence of eight genera.

[image: ]Figure 2. ViPTree [4] analysis Proteomic tree of 4,408 bacterial viruses with proposed viral families labeled by the coloured ring. The Ehrlichviridae are marked with a star symbol. The hierarchical tree was created using ViPTreeGen (version 1.1.2) [4] and annotated using iToL [15-16]. The tree is based on a dissimilarity matrix generated by pairwise tBLASTx scores between each of the genomes.
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Figure 3. ViPTree [4] hierarchical tree pruned to show the proposed Connertonviridae as a pink-coloured collapsed clade alongside neighbouring clades.

[image: ]
[bookmark: _Hlk161845117]Figure 4.  VirClust protein heatmap: at the first level, proteins are grouped based on their reciprocal BLASTP similarities into protein clusters, or PCs. At the second level, PCs are grouped based on their Hidden Markov Model (HMM) similarities into protein superclusters, or PSCs. AT the third, still experimental level, PSCs are grouped based on their HMM similarities into protein super-superclusters, or PSSC [13].
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Figure 5. Phylogeny: The phylogenetic tree was constructed using the DNA polymerase of these 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. 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."  The members of the Ehrlichviridae are indicated with a blue rectangle and show deep branching from the nearest neighbours – Streptomyces phages.
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Figure 6. Core genome phylogeny of the proposed Erlichviridae family of bacterial viruses. A partitioned protein ML phylogeny was created from 15 genes present in all species of the proposed family. Alignments were performed using MAFFT in e-insi mode and trimmed using trimAl with a gap threshold of 0.5. The tree was calculated using IQ-Tree2 with 1000 ultrafast (UF) bootstrap replicates and SH-Alrt tests with -m TEST to optimise models for each alignment. The tree is rooted at the midpoint and UF bootstrap support ≥ 95% are shown. The coloured strips indicate proposed genera and subfamilies. Figure generated in iTOL, the Interactive Tree Of Life [14, 15]

Table 1. Signature genes in the proposed X family of bacterial viruses. Genes were identified by clustering with MMSeqs2, with thresholds of 35% sequence similarity and 50% coverage.
	protein cluster
	No. of genomes (19 total)
	Percentage of genomes present in protein cluster
	Predicted gene function

	1
	19
	100%
	scaffold protein

	2
	19
	100%
	ssDNA-binding protein

	3
	19
	100%
	head-to-tail adaptor

	4
	19
	100%
	major capsid protein

	5
	19
	100%
	hypothetical protein

	6
	19
	100%
	endonuclease

	7
	19
	100%
	DNA primase

	8
	19
	100%
	portal vertex protein

	9
	19
	100%
	major tail protein

	10
	19
	100%
	transcriptional regulator

	11
	19
	100%
	Terminase, large subunit

	12
	19
	100%
	holin or phosphodiesterase

	13
	19
	100%
	helicase

	14
	19
	100%
	endonuclease

	15
	19
	100%
	deoxynucleoside monophosphate kinase

	16
	18
	94.74%
	head morphogenesis protein

	17
	18
	94.74%
	DNA polymerase III alpha subunit

	18
	18
	94.74%
	PD-(D/E)XK nuclease superfamily protein

	19
	18
	94.74%
	virion morphogenesis protein

	20
	18
	94.74%
	tail terminator

	21
	18
	94.74%
	hypothetical protein

	22
	18
	94.74%
	FtsK/SpoIIIE ATPase



Proposals Data:
[bookmark: _Hlk162265815]A.	To create a new genus Suttonboningtonvirus with one species
[bookmark: _Hlk162266104][bookmark: _Hlk162953031]B.	To create a new genus Gettysburgvirus with three species
[bookmark: _Hlk162958010]C.	To add three new species to the genus Andromedavirus
D.	To create a  new single species genus Anathvirus
[bookmark: _Hlk162959920]E.	To create a new single species genus Dazunavirus
[bookmark: _Hlk162266213]F.	To create a new single species genus Chennaivirus
G.       To create a new single species genus Nairobivirus
H.       To create a new family, Ehrlichviridae, for the above mentioned taxa.

Taxonomic Proposals: 
A. To create a new genus Suttonboningtonvirus with one species

Origin of the name of this taxon:  This taxon was named after The University of Nottingham’s Sutton Bonington Campus where Bacillus phage 1_ICo-2020 was characterized.

[bookmark: _Hlk162267619]Historical aspects: This phage was originally isolated from wastewater in Egypt.

[bookmark: _Hlk162266894]Genomic characterization:

	Phage name
	INSDC 
	Size (Kb)
	Protein 
	Overall % DNA sequence identity (*)
	Overall % homologous proteins (**)

	Bacillus phage 1_ICo-2020
	MT700412.1
	51.23
	75
	100
	100




B. To create a new genus Gettysburgvirus with three species

Origin of the name of this taxon:  This taxon is named after Gettysburg College, where the phage isolation, DNA preparation, and annotation analysis was performed.

Historical aspects: Soil was collected from various locations in the southwest United States and used to isolate these Bacillus subtilis phages [19].

Genomic characterization:

	Phage name
	INSDC 
	Size (Kb)
	Protein 
	Overall % DNA sequence identity (*)
	Overall % homologous proteins (**)

	Bacillus phage 056SW001B
	MN176230.1
	52.69
	83
	100
	100

	Bacillus phage 268TH004
	MW394467.1
	52.83
	82
	86.8
	86.7

	Bacillus phage 019DV002
	MN176220.1
	52.75
	84
	93.3
	91.6


(*) determined using VIRIDIC [3]
(**) determined using CoreGenes 3.5 [6]

Conclusion: The DNA sequence similarity value is consistent with membership in the same genus


C.	To add three new species to the genus Andromedavirus

Origin of the name of this taxon:  NA 

Historical aspects: This genus was created originally through TaxoProp 2013.037a-dB.A.v3.Andromedalikevirus

Genomic characterization:

	Phage name
	INSDC 
	Size (Kb)
	Protein 
	Overall % DNA sequence identity (*)
	Overall % homologous proteins (**)

	Bacillus phage Andromeda
	KC330684.1
	49.26
	79
	100
	100

	Bacillus phage Novomoskovsk
	MT422786.1
	49.26
	81
	73.7
	87.3

	Bacillus phage Leo2
	KU836751.1
	48.59
	74
	80.8
	89.9

	Bacillus phage Bolokhovo
	MT514532.1
	49.68
	81
	91.8
	88.6


(*) determined using VIRIDIC [3]
(**) determined using CoreGenes 3.5 [6]

Conclusion: The DNA sequence similarity value is consistent with membership in the same genus


D.	To create a  new single species genus Anathvirus

Origin of the name of this taxon:  The name of this taxon is derived directly from hat of Bacillus phage Anath

Historical aspects: Bacillus phage Anath was isolated from groundwater against Bacillus mycoides at Aarhus Universitet in Denmark.

Genomic characterization:

	Phage name
	INSDC 
	Size (Kb)
	Protein 
	Overall % DNA sequence identity (*)
	Overall % homologous proteins (**)

	Bacillus phage Anath
	MG983742.1
	52.37
	76
	100
	100




E.	To create a new single species genus Dazunavirus

Origin of the name of this taxon:  The name of this taxon derived from the first virus of its type, Bacillus phage DZ1

Historical aspects: Bacillus phage DZ1 was isolated from sewage against Bacillus cereus by scientist in the Institute of Microbiology, Guangdong Academy of Sciences (China).

Genomic characterization:

	Phage name
	INSDC 
	Size (Kb)
	Protein 
	Overall % DNA sequence identity (*)
	Overall % homologous proteins (**)

	Bacillus phage DZ1
	OR338916.1
	49.87
	67
	100
	100





F.	To create a new single species genus Chennaivirus

Origin of the name of this taxon:  The name of this taxon is derived directly from that of the city that is the capital of the state of Tamil Nadu, India.

Historical aspects: Staphylococcus siphophage MVC_VPHSA1 was isolated in 2019 from sewage against Staphylococcus aureus by the staff at Madras Veterinary
College, TANUVAS, Veppery, Chennai, Tamil Nadu 600007, India

Genomic characterization:

	Phage name
	INSDC 
	Size (Kb)
	Protein 
	Overall % DNA sequence identity (*)
	Overall % homologous proteins (**)

	Staphylococcus phage MVC_VPHSA1
	OR670591.1
	51.39
	109
	100
	100




G.       To create a new single species genus Nairobivirus


Origin of the name of this taxon:  The name of this taxon derives from the city, Nairobi, where at Jomo Kenyatta University of Agriculture and Technology, the first virus of its type, Bacillus phage vB_BpsS-36 was isolated.

Historical aspects: Bacillus phage vB_BpsS-36 was isolated from haloalkaliphilic Lake Elmenteita sediment against Bacillus pseudalcaliphilus.

Genomic characterization:

	Phage name
	INSDC 
	Size (Kb)
	Protein 
	Overall % DNA sequence identity (*)
	Overall % homologous proteins (**)

	[bookmark: _Hlk162961864]Bacillus phage vB_BpsS-36
	MH884513.1
	50.48
	68
	100
	100




H.       To create a new family, Ehrlichviridae, for the above mentioned taxa.

Origin of the name of this taxon:  This taxon is named in honour of molecular biologist Melanie Ehrlich (b. 1946; New York City, New York, USA) and organic chemist/biochemist Kenneth Craig Ehrlich (b. 1944; New York City, New York, USA).

ME received her PhD in 1971 from the State University of New York, Stony Brook. During her postdoctoral training at Albert Einstein School of Medicine in New York, she began studies of the structure of Bacillus phage SP-15 DNA, which has a unique sensitivity to alkali. She continued that research in collaboration with her husband nine years later. They found that the novel base that replaces 62% of T residues in this phage DNA has a phosphoglucuronate that is attached to the 5-(4’,5’-dihydroxypentyl)uracil. This was, and still is, a novel finding of a natural DNA containing a uronic acid moiety and a phosphate that is not part of the phosphodiester backbone. Twenty-six years later, she gave a sample of four-decades old SP-15 DNA (saved as fibers in 50% ethanol) to Andrew Kropinski for him to sequence this extraordinary DNA. Surrounding this research were her studies on a Xanthomonas phage (XP-12), which has all its C residues 5-methylated and then on 5-methylcytosine in human DNA from normal and diseased individuals (cancer, a DNMT3B-deficiency syndrome, atherosclerosis, osteoporosis, and muscle diseases). She is the founder and current president of the Epigenetics Society. 
[image: ]

KE received his PhD in organic chemistry in 1969 at the State University of New York, Stony Brook and did postdoctoral research at Columbia University. Together with his wife, Melanie Ehrlich, he developed an interest in understanding the chemical consequences of DNA base modifications on hydrogen bonding and the stability of the DNA helix. For example, they found that the naturally occurring methylation of all C residues in XP12 DNA, which makes the helix more hydrophobic, stabilizes it. In contrast, in SP-15 DNA, the unusual phosphoglucuronate attached to a modified T residue containing a 5-carbon side chain explains its low helix denaturation temperature as well as its highly unusual alkaline sensitivity. Besides using his chemistry background to increase our understanding of the biochemistry of highly modified phage DNA, he helped elucidate biochemical pathways of toxin production by fungi (Aspergillus) and the structure and chemistry of proteoglycans in aorta, among other diverse research areas.  
[image: ]
 


Conclusion: All our analyses (genomic, proteomic and phylogenetic) reveal that these phages listed above belong to a new family which we have named in honour of the pioneering Bacillus phage scientists, Melanie and Kenneth Ehrlich.
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