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Part 3: TAXONOMIC PROPOSAL
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	Etymology (origin) of proposed taxonomic names:

	Taxon name
	Etymology of the term

	Kagoshimavirus

	Genus name derived from Kagoshima in Japan, where the exemplar virus, Streptococcus phage SG005, was isolated from drainage water collected at Kagoshima University School of Dentistry (Fujiki et al., 2021; doi:10.3390/v13101964).

	Kagoshimavirus SG005
	Species name derived from the phage name in the GenBank database – Streptococcus phage SG005

	Choshivirus
	Named after the place where the first virus of this genus was isolated (Choshi city, Chiba, Japan).

	Choshivirus WJ7
	Species name derived from the phage name in the GenBank database – Tetragenococcus phage phiWJ7

	Choshivirus YA5n2
	Species name derived from the phage name in the GenBank database – Tetragenococcus phage phiYA5_2

	Taylorvirus
	Named to honor the late Polish molecular biologist and bacteriophage researcher Professor Karol Taylor (1928–1997), for his contribution to studies on molecular biology of lambda phage.

	Taylorvirus KgiMP1
	Species name derived from the phage name in the GenBank database – Kurthia phage vB_KgiM_P1

	Rumenvirus
	Genus name Rumenvirus derived from “rumen”, as rumen fluid  served as a source of exemplar viruses vB_SbRt-pBovineB21 and vB_SbRt-pBovineS21 isolation (Park et al., 2023; doi:10.1038/s41598-023-36306-x).

	Rumenvirus B21
	Species name derived from the phage name in the GenBank database – Streptococcus phage vB_SbRt-pBovineB21

	Rumenvirus S21
	Species name derived from the phage name in the GenBank database –  Streptococcus phage vB_SbRt-pBovineS21

	Andhravirus Ph32
	Species name derived from the phage name in the GenBank database – Staphylococcus phage S-CoN_Ph32

	Andhravirus Ph34
	Species name derived from the phage name in the GenBank database – Staphylococcus phage S-CoN_Ph34

	Andhravirus Ph35
	Species name derived from the phage name in the GenBank database – Staphylococcus phage S-CoN_Ph35

	Andhravirus Ph36
	Species name derived from the phage name in the GenBank database – Staphylococcus phage S-CoN_Ph36

	‍Andhravirus PG59
	Species name derived from the phage name in the GenBank database – Staphylococcus phage PG_59

	‍Andhravirus v1sc05
	Species name derived from the phage name in the GenBank database – Staphylococcus phage vB_ScaM-V1SC05

	Copernicusvirus N13
	Species name derived from the phage name in the GenBank database – Enterococcus phage N13

	Minhovirus SHEF14
	Species name derived from the phage name in the GenBank database – Enterococcus phage phiSHEF14

	Minhovirus Ump
	Species name derived from the phage name in the GenBank database – Enterococcus phage vB_OCPT_Ump

	Canivirus
	Genus name derived from the Latin name of dog (canis), referring to the canine origin of exemplar virus DSP1, which was isolated from a dog’s  skin sample (Maresso et al., 2022; doi:10.3390/v14091954).

	Canivirus DSP1
	Species name derived from the phage name in the GenBank database – Staphylococcus phage vB_SpsX-DSP1

	Chromogenesvirus
	Genus name derived from Staphylococcus chromogenes, the bacterial host used for isolation of exemplar virus PT1-9 (Li et al., 2024; doi:10.1016/j.vetmic.2024.110133).

	Chromogenesvirus  PT1-9
	Species name derived from the phage name in the GenBank database – Staphylococcus phage PT1-9
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	Full name of person from whom the name is derived
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	Abstract of Taxonomy Proposal:

	
Description of current taxonomy:
At present the family Rountreeviridae is divided into two subfamilies; Rakietenvirinae and Sarlesvirinae and two additional genera Fischettivirus and Negarvirus, each containing one species, that are not assigned to a subfamily. Subfamily Rakietenvirinae contains 22 species grouped into two genera: Andhravirus with four species and Rosenblumvirus with 18 species. Subfamily Sarlesvirinae contains 15 species grouped into two genera: Copernicusvirus with 13 species and Minhovirus with two species.

Proposed taxonomic change(s):
We performed a genomic analysis of phages deposited in the NCBI database and identified 17 unclassified bacteriophages with genomes similar to species in the family Rountreeviridae. Based on their level of similarity to each other and to other phages of Rountreeviridae family, and using the BVS recommended demarcation criteria we propose to:
1) Create six new species in the genus Andhravirus; “Andhravirus Ph32”, “Andhravirus Ph34”, “Andhravirus Ph35”, “Andhravirus Ph36”, “Andhravirus PG59”, and “Andhravirus v1sc05”.
2) Create one new species in the genus Copernicusvirus (subfamily Sarlesvirinae); “Copernicusvirus N13”
3) Create two new species, “Minhovirus SHEF14” and “Minhovirus Ump”, in the genus Minhovirus (subfamily Sarlesvirinae) )
4) Create two new genera in the subfamily Rakietenvirinae: “Canivirus” with one species (“Canivirus DSP1”), and “Chromogenesvirus” with one species (“Chromogenesvirus PN19”)
5) Create four new genera in the family Rountreeviridae:
- “Kagoshimavirus” with one species (“Kagoshimavirus SG005”)
- “Choshivirus” with two species (“Choshivirus WJ7” and “Choshivirus YA5n2”)
- “Taylorvirus” with one species (“Taylorvirus KgiMP1”)
- “Rumenvirus” with two species (“Rumenvirus B21” and “Rumenvirus S21”)


Demarcation criteria for new taxon/taxa:
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.

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 similarity over 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.

Justification:
Based on DNA and protein similarity, and on the ICTV recommended demarcation criteria for species, genera and subfamilies, nine new species can be proposed in existing genera in the family Rountreeviridae. We also propose creating six new genera with eight new species. The exemplar genomes for species in the genera “Canisvirus” and “Chromogenesvirus” exhibit over 48% intergenomic similarity with species of the genus Andhravirus, supporting their inclusion in the subfamily Rakietenvirinae, The genera “Choshivirus”, “Kogashimavirus”, “Taylorvirus” and “Rumenvirus” exhibit low intergenomic nucleotide sequence similarity to existing genera in the family, but are supported by the structure of the TBLASTX distance tree and phylogenetic analysis of the major capsid protein, portal vertex and DNA polymerase.

	



	Text of Taxonomy proposal:

	

Description of current taxonomy:
The family Rountreeviridae includes two subfamilies; Rakietenvirinae and Sarlesvirinae and two genera, Fischettivirus and Negarvirus, which are not assigned to a subfamily. Subfamily Rakietenvirinae contains 22 species grouped into two genera: Andhravirus with four species and Rosenblumvirus with 18 species. Subfamily Sarlesvirinae contains 15 species grouped into two genera: Copernicusvirus with 13 species and Minhovirus with two species.

Proposed taxonomic change(s):
We performed a genomic analysis of phages deposited in the NCBI database and found 17 unclassified bacteriophages with genomes similar to the genomes of Rountreeviridae phages. Based on their level of similarity to each other and to other phages of Rountreeviridae family, and on demarcation criteria for phages representing different species, genera and subfamilies we propose to:
1) Add six new species to the genus Andhravirus; “Andhravirus Ph32”, “Andhravirus Ph34”, “Andhravirus Ph35”, “Andhravirus Ph36”, “Andhravirus PG59”, and “Andhravirus v1sc05”
2) Create one new species, “Copernicusvirus N13”
3) Create two new species in the genus Minhovirus ; “Minhovirus SHEF14” and “Minhovirus Ump”
4) Create two new genera in the subfamily Rakietenvirinae: “Canivirus” with one species (“Canivirus DSP1”), and “Chromogenesvirus” with one species (“Chromogenesvirus PN19”)
5) Create four new genera in the family Rountreeviridae:
- “Kagoshimavirus” with one new species (“Kagoshimavirus SG005”)
- “Choshivirus” genus with two new species (“Choshivirus WJ7” and “Choshivirus YA5n2”)
- “Taylorvirus” genus with one new species (“Taylorvirus KgiMP1”)
- “Rumenvirus” genus with two new species (“Rumenvirus B21” and “Rumenvirus S21”)

Demarcation criteria for new taxon/taxa:
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 several tools, such as BLASTn [1] – usually calculated using the intergenomic distance calculator VIRIDIC [2].

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 similarity over 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 [3].

Justification:
Based on DNA and protein similarity, and on the ICTV recommended demarcation criteria, the proposed new species exhibit significant relationships with the 39 known species of the family Rountreeviridae. Based on genomic similarity of phages representing the proposed new species to each other and to the classified members of Rountreeviridae family, the proposed new species can be classified to 9 genera.
1) Phages of proposed “Andhravirus Ph32”, “Andhravirus Ph34”, “Andhravirus Ph35”, “Andhravirus Ph36”, “Andhravirus PG59”, and “Andhravirus v1sc05” species share over 70% intergenomic nucleotide similarity over the genome length with phages of Anhravirus genus and are proposed to be classified as new species of this genus.	Comment by Dann Turner: Quite repetitive - For new species in existing genera why not just state that they satisfy the demarcation criteria? This could be a single sentence. 
2) The exemplar of the proposed species “Copernicusvirus N13” shares over 70% intergenomic nucleotide similarity over the genome length with phages of Copernicusvirus genus and thus is proposed to be classified as new species of this genus.
3) Phages of proposed “Minhovirus SHEF14” and “Minhovirus Ump” species share over 70% intergenomic nucleotide similarity over the genome length with phages of Minhovirus genus and thus are proposed to be classified as new species of Minhovirus genus.
4) Phage of proposed “Canivirus DSP1” species shares less than 70% intergenomic nucleotide similarity over the genome length  with classified phages of Rountreeviridae family, but over 52% genomic sequence with  Andhravirus genus phages of Rakietenvirinae subfamily of Rountreeviridae, which justifies the classification of “Canivirus DSP1” species to proposed new genus “Canivirus” of  subfamily Rakietenvirinae.
5) Phage of proposed “Chromogenesvirus PT19” species shares less than 70% intergenomic nucleotide similarity over the genome length with classified phages of Rountreeviridae family, but over 48% sequence with  Andhravirus genus phages of Rakietenvirinae subfamily of Rountreeviridae, which justifies inclusion of the proposed genus “Chromogenesvirus” to Rakietenvirinae subfamily.
6) The proposed species “Choshivirus WJ7” and “Choshivirus YA5n2” share over 70% intergenomic nucleotide similarity over the genome length. The closest relatives of these phages in GenBank are phages of the family Rountreeviridae, but these species share only 3.7-7% genomic similarity with existing taxa in the family. The best matching regions of coverage include the major capsid protein gene, DNA polymerase and terminase encoding genes. The predicted structures of the proposed “Choshivirus” genus phages major capsid protein, and upper and lower collar protein are most similar to known structures of these proteins in phages of Rountreeviridae family. The assignment of “Choshivirus” to the family is supported by the structure of the TBLASTX distance tree and phylogenetic analysis (Figures 2-5).	Comment by Dann Turner: But no evidence provided to support this in the proposal
7) The representative species of the proposed genus “Kogashimavirus” exhibits limited nucleotide sequence similarity (5-8%) to members of the Rountreeviridae. The best matching genomic regions include genes encoding the major capsid protein, DNA polymerase and terminase subunits. Despite this limited similarity, the structure of the TBLASTX distance tree and phylogenetic analysis supports the inclusion of “Kogashimavirus” in the family (Figures 2-5).
8) The best homologs of phage of proposed “Taylorvirus KgiMP1” species (proposed “Taylorvirus” genus) are phages of Rontreeviridae family, but it shares only 5-8% genomic sequence with classified phages of this family. The best matching regions include capsid and scaffold protein, DNA polymerase and collar protein genes. In the viruses TBLASTX distance tree phage of “Taylorvirus KgiMP1” species forms with phages of proposed “Choshivirus” genus a separate branch of close relatives of Rosenblumgenus phages of Rakietenvirinae subfamily of Rountreeviridae. Additionally, phylogenetic analysis of the major capsid protein supports the inclusion of “Taylorvirus” genus to Rountreeviridae family.
9)  Phages of proposed “Rumenvirus B21” and “Rumenvirus S21” species share over 70% intergenomic nucleotide similarity over the genome length, which justifies their inclusion to one proposed genus, “Rumenvirus”. The best homolog of these phages in GenBank is Streptococcus phage SG005, which is proposed in this proposal to be classified to new genus “Kogashimavirus”. Sequences of proposed “Rumenvirus” genus phages are in 12% identical to the sequence of this phage. Slightly lower similarities are to the genomes of other Rountreeviridae phages. Taken together this justifies the classification of genus Rumenvirus as a new genus of Rountreeviridae family.

All proposed taxa conform to the demarcation criteria employed by the ICTV Bacterial Viruses Subcommittee.
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[image: ]Figure 1. VIRIDIC heat map of Rountreeviridae family genomic sequences. VIRIDIC (Virus Intergenomic Distance Calculator [2]; http://rhea.icbm.uni-oldenburg.de/VIRIDIC/) computes pairwise intergenomic distances/similarities amongst phage genomes. Phages belonging to the same species share above 95% genomic sequences. Phages belonging to the same genus share above 70% of genomic sequences. 
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Figure 1A














[image: ]
Figure 1B. 
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Figure 1C
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Figure 1D
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Figure 2. ViPTree analysis:  ViPTree analysis (https://www.genome.jp/viptree/; [4]) is based upon Rohwer and Edwards (2002) Phage Proteomic Tree [5].  The phages of interest are indicated with red stars.  
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Figure 3. Phylogenetic tree of major capsid proteins from bacteriophages of the family Rountreeviridae. The tree was inferred using the maximum-likelihood (ML) method implemented in IQ-TREE. Branch lengths are proportional to the number of substitutions per site. Protein sequences were aligned using the MUSCLE algorithm implemented in SeaView v5.0.5 [6,7], and the alignment was subsequently adjusted manually. Phylogenetic analyses were performed using the maximum-likelihood method in IQ-TREE v2.2.2.6 [2]. The best-fit evolutionary model was selected using ModelFinder implemented in IQ-TREE according to the Akaike information criterion (AIC). Node support was assessed by bootstrap analysis with 500 replicates. Phages of new proposed species are marked with asterisks. The sequence of Lactococcus phage asccphi28 (NC010363) major capsid protein was used as an outgroup.
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Figure 4. Phylogenetic tree of DNA polymerase proteins from bacteriophages of the family Rountreeviridae. The tree was inferred using the maximum-likelihood (ML) method implemented in IQ-TREE. Branch lengths are proportional to the number of substitutions per site. Protein sequences were aligned using the MUSCLE algorithm implemented in SeaView v5.0.5 [6,7], and the alignment was subsequently adjusted manually. Phylogenetic analyses were performed using the maximum-likelihood method in IQ-TREE v2.2.2.6 [2]. The best-fit evolutionary model was selected using ModelFinder implemented in IQ-TREE according to the Akaike information criterion (AIC). Node support was assessed by bootstrap analysis with 500 replicates. Phages of new proposed species are marked with asterisks. The sequence of Lactococcus phage asccphi28 (NC010363) DNA polymerase was used as an outgroup.













[image: ]


Figure 5. Phylogenetic tree of portal proteins from bacteriophages of the family Rountreeviridae.  The tree was inferred using the maximum-likelihood (ML) method implemented in IQ-TREE. Branch lengths are proportional to the number of substitutions per site. Protein sequences were aligned using the MUSCLE algorithm implemented in  SeaView v5.0.5 [6,7], and the alignment was subsequently adjusted manually. Phylogenetic analyses were performed using the maximum-likelihood method in IQ-TREE v2.2.2.6 [2]. The best-fit evolutionary model was selected using ModelFinder implemented in IQ-TREE according to the Akaike information criterion (AIC). Node support was assessed by bootstrap analysis with 500 replicates. Phages of new proposed species are marked with asterisks. The sequence of Lactococcus phage asccphi28 (NC010363) portal protein was used as an outgroup.
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