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Abstract
	In this proposal we analyze phage genomes released on the GenBank database prior to May 2023 comparing them to the current ICTV virus classification to determine if they represent new phyla. Based on both nucleotide identity over the length of the genome as determined using VIRIDIC and protein similarity of the core genes (terminase large and small subunit, portal, capsid completion, capsid scaffolding and major capsid proteins) we find that there are 1 new genus and 11 new species that belong to the Family Peduoviridae. We find that Stockinghallvirus FSLSP004 was incorrectly assigned to its own genus. Based on its similarity to viruses in the genus Peduovirus we propose the abolition of the genus Stockinghallvirus and moving this virus to the genus Peduovirus. A typographical error led to the incorrect naming of virus Graikaemvirus YenM3117, which we correct here. We also propose the removal of Felsduovirus ST437OXA245phi42 from the genus Felsduovirus as the genome the classification was based on was found to be incomplete.



Text of proposal
		Many phage genomes deposited on the GenBank database are merely prophages extracted from the genomes of bacteria rather than bona fide cultivated viruses of which the genomic DNA has been extracted from infectious particles for genome sequence determination. Where we do include prophages in the phylogeny when deposited as described above the genomes are processed using CheckV to look for contaminating sequence and completeness, then inspected manually to ensure that the genome only represents phage DNA and not that of the bacterial host at its borders. If bacterial genes/nucleotide sequence is identified, the prophage genome is trimmed to remove non-phage DNA prior to performing the calculation of inter-genomic distances. 

The genomes used to construct the phylogeny can be provided on request.

Species demarcation criteria: We have chosen 95% DNA sequence identity as the criterion for demarcation of species in each genus. Each of the proposed species differs from the others by more than 5% at the DNA level as confirmed with the BLASTn algorithm.

Genus demarcation criteria (updated): The defining criterion for membership in a genus is that the species display 70-95% DNA sequence identity to one another. 

Family demarcation criteria: All members of Peduoviridae encode a set of 6 orthologous core genes: 
	Orthogroup 1
	Terminase, large subunit

	Orthogroup 2
	Portal protein

	Orthogroup 3
	Capsid scaffolding protein

	Orthogroup 4
	Major capsid protein

	Orthogroup 5
	Terminase, small subunit

	Orthogroup 6
	Capsid completion/stabilization protein


Members of Peduoviridae have genome sizes between 25 kb and 41kb.

Proposal 1: To create three new species and assign them to the genus Peduovirus.

Background/History: Peduovirus GMS190 and GMG76 both infect Yersinia pestis and were isolated in China however the exact source material is currently unknown. Peduovirus P110331 is a Salmonella sp. infecting virus isolated from cattle manure in Turkey.

Source of name of this taxon: The species names are derived from the Genbank entry exemplar virus name. 

Genome Summary Table:
	Exemplar
Genbank Accession
	Exemplar 
RefSeq
Accession
	Species Name
	Genome Length
	GC Content
	Number of tRNAs*
	Number of ORFs**

	OP880302.2
	N/A
	Peduovirus GMS190
	29,462bp
	53%
	0
	40

	OP880301.2
	N/A
	Peduovirus GMG73 
	33,805bp
	52%
	0
	42

	OQ383618.1
	N/A
	Peduovirus P110331
	30,455bp
	52%
	0
	42


* Determined using tRNAscan-SE
** Determined using PHANOTATE or GenBank entry

References: 
Proposal 2: To create four new species and assign them to the genus Kayeltresvirus.

Background/History: The four new species described here all infect Burkholderia cenocepacia and were isolated from soil samples. 

Source of name of this taxon: The species names are derived from the Genbank entry exemplar virus name. 

Genome Summary Table:
	Exemplar
Genbank Accession
	Exemplar 
RefSeq
Accession
	Species Name
	Genome Length
	GC Content
	Number of tRNAs*
	Number of ORFs**

	OM638608.1
	N/A
	Kayeltresvirus musica
	38,803bp
	64%
	1
	60

	OM638609.1
	N/A
	Kayeltresvirus milagro
	39,088bp
	64%
	1
	56

	OM638610.1
	N/A
	Kayeltresvirus menos
	38,792bp
	65%
	1
	56

	OM638611.1
	N/A
	Kayeltresvirus momento
	37,756bp
	64%
	0
	56


* Determined using tRNAscan-SE
** Determined using PHANOTATE or GenBank entry

References: 

Proposal 3: To create one new species and assign it to the genus Kisquinquevirus.

Background/History: Kisquinquevirus Carl1 is a virus that infects Burkholderia cenocepacia Van1 and was isolated in Edmonton Canada by Carly (Carl1) Davis. 

Source of name of this taxon: The species names are derived from the Genbank entry exemplar virus name. 

Genome Summary Table:
	Exemplar
Genbank Accession
	Exemplar 
RefSeq
Accession
	Species Name
	Genome Length
	GC Content
	Number of tRNAs*
	Number of ORFs**

	ON642070.1
	N/A
	Kisquinquevirus Carl1
	37,492bp
	65%
	0
	49


* Determined using tRNAscan-SE
** Determined using PHANOTATE or GenBank entry

References: 

Proposal 4: To create one new species and assign it to the genus Irtavirus.

Background/History: Irtavirus CFP3 is a virus that infects Pasteurella multocida FCf91 and was isolated form chicken excrement in Fuzhou, China.

Source of name of this taxon: The species names are derived from the Genbank entry exemplar virus name. 

Genome Summary Table:
	Exemplar
Genbank Accession
	Exemplar 
RefSeq
Accession
	Species Name
	Genome Length
	GC Content
	Number of tRNAs*
	Number of ORFs**

	OQ025560.1
	N/A
	Irtavirus CFP3
	32,696bp
	42%
	0
	45


* Determined using tRNAscan-SE
** Determined using PHANOTATE or GenBank entry

References: 

Proposal 5: To create one new species and assign it to the genus Bielevirus.

Background/History: Bielevirus A051 is a virus that infects Aeromonas sp. and was isolated form Xiamen, China.

Source of name of this taxon: The species names are derived from the Genbank entry exemplar virus name. 

Genome Summary Table:
	Exemplar
Genbank Accession
	Exemplar 
RefSeq
Accession
	Species Name
	Genome Length
	GC Content
	Number of tRNAs*
	Number of ORFs**

	OP484843.1
	N/A
	Bielevirus A051
	32,212bp
	61%
	1
	46


* Determined using tRNAscan-SE
** Determined using PHANOTATE or GenBank entry

References: 


Proposal 6: To create one new genus, Inibicvirus, and a new species Inibicvirus 613R3.

Background/History: Inibicvirus 613R3 is part of a collection of phages that infect Escherichia coli, isolated from a sample collected in the United Kingdom and sequenced by a Spanish consortium in A Coruña, Spain. 

Source of name of this taxon: The genus name is derived from the organisation that isolated the virus (Instituto de Investigacion Biomedica de A Coruna (INIBIC)) and the species name from the Genbank entry exemplar virus name. 

Genome Summary Table:
	Exemplar
Genbank Accession
	Exemplar 
RefSeq
Accession
	Species Name
	Genome Length
	GC Content
	Number of tRNAs*
	Number of ORFs**

	ON470592.1
	N/A
	Inibicvirus 613R3
	31,630bp
	51.5%
	0
	42


* Determined using tRNAscan-SE
** Determined using PHANOTATE or GenBank entry

References: 



Proposal 7: To abolish the species Felsduovirus ST437OXA245phi42.

Background/History: The species was first proposed during the 2020 round of taxonomic proposals but was only mentioned in the Excel document (2020.117B.R.Peduoviruses.xlsx) and omitted in the accompanying Word document (2020.117B.R.Peduoviruses.docx), suggesting an erroneous submission. Closer inspection of the genome sequence deposited on the Genbank database (MK416012.1) suggests that the genome is only a partial phage genome at only 18281bp, missing an integrase gene as well as the terminase large subunit. The absence of this hallmark gene and truncated genomes makes accurately phylogenetic assessment impossible which is why we recommend scrapping the species.

References: 

2020.117B.R.Peduoviruses.xlsx
2020.117B.R.Peduoviruses.docx


Proposal 8: To abolish the genus Stockinghallvirus and to move and rename the sole species in that genus, Stockinghallvirus FSLSP004, to Peduovirus FSLSP004. 

Background/History: The species was first proposed during the 2018 round of taxonomic proposals (2018.125B.A.v1.Myoviridae_61sp.docx) and in 2019 (2019.073B.A.v2.Peduovirinae_24gen.docx) assigned as the sole representative of the genus Stockinghallvirus. Following re-assessment of genome similarities between Stockinghallvirus FSLSP004 and phages belonging to the genus Peduovirus, Stockinghallvirus FSLSP004 showed highest similarity (71.6%) to Peduovirus STYP1 which in turn shows >85% similarity to Peduovirus R18C and 80% to Peduovirus YPM50 suggesting that FSLSP004 should be a member of this genus. The genome also shows similarity at nucleotide level to genomes from the genus Eganvirus with between 52% (Eganvirus EtG) and 68% (Eganvirus SW9) similarity.

Following construction of marker gene trees (Figure 1-6), it became apparent that all marker genes from Peduovirus FSLSP004 clustered well within genes from the genus Eganvirus raising doubt with respect to assigning this virus to the genus Peduovirus based on nucleotide similarity. To resolve this, we turned to the use of protein clustering tools which take into account either all proteins encoded on the genome (VipTree) or look for particular clusters of proteins that relate phage genomes to each other (VirClust) to see where these tools place this genome (Figure 8). Both tools agreed that the proteins encoded by Peduovirus FSLSP004 clusters with genomes from the genus Peduovirus.

Clustering at nucleotide and total protein level therefore suggests that this genome belongs to the genus Peduovirus, contrary to the evidence from selected marker genes. This is likely due to the well-described modularity of phage genomes and potential swapping of genomic fragments which means that “locally” over the marker genes this genome is most similar to that of viruses from the genus Eganvirus, however if the total protein content is assessed the virus belongs to the genus Peduovirus. To investigate this, we performed genome alignments between genomes from the genus Peduovirus and Eganvirus including virus FSLSP004 (Figure 9). At a 60% amino acid similarity cutoff this did seem to show that the genes involved with phage replication were more similar between FSLSP004 and genomes from Peduovirus whereas at 90% cutoff it’s clear that a large portion of the genome including the marker genes does not share similarity with Peduovirus genomes (Figure 10).

Collectively, this mixture of information makes the classification of this virus difficult. The decision was taken to give more weight to the combination of the overall higher nucleotide similarity and protein clustering results and for these reasons include FSLSP004 in the genus Peduovirus. 

As this species was the sole representative of the genus Stockinghallvirus it’s abolition, also implies abolition of the genus. We therefore propose moving this virus to the genus Peduovirus and to rename the species to Peduovirus FSLSP004.

Source of name of this taxon: The genus name is derived from the genus name of the most closely related phages (2018.007B.A.v1.rename137gen6sp) and the species name from the Genbank entry exemplar virus name. 

Genome Summary Table:
	Exemplar
Genbank Accession
	Exemplar 
RefSeq
Accession
	Species Name
	Genome Length
	GC Content
	Number of tRNAs*
	Number of ORFs**

	KC139521.1
	NC_021774.1
	Peduovirus FSLSP004
	29,742bp	
	53%
	0
	40


* Determined using tRNAscan-SE
** Determined using PHANOTATE or GenBank entry


References: 

2018.125B.A.v1.Myoviridae_61sp.docx
2019.073B.A.v2.Peduovirinae_24gen.docx
2018.007B.A.v1.rename137gen6sp


Proposal 9: To move virus Wadgaonvirus V13P477T2 to the genus Elveevirus and rename it Elveevirus V13P477T2.

Background/History: The species was first named during the 2021 round of taxonomic proposals (2021.063B.R.Peduoviridae.docx). Following re-assessment of genome similarities between Wadgaonvirus V13P477T2 and phages belonging to the genus Elveevirus, Wadgaonvirus V13P477T2 showed highest similarity (76.5%) to Elveevirus cartapus and 69.5% similarity to Elveevirus 4LV2017. It’s placement in the phylogenetic record is complicated by the fact that it also shows 72% similarity to Felsduovirus RE2010, suggesting that at the current genus demarcation criteria of 70% genome identity this phage could belong to either genus (Elveevirus or Felsduovirus). To resolve this, we referred to the marker gene trees. Although the terminase large and small subunit proteins as well as the portal protein do not assist in clearly delineating whether or not V13P477T2 belongs to Elveevirus or Felsduovirus, the major capsid protein, capsid completion protein and capsid scaffold proteins do. Therefore, based on overall nucleotide similarity and marker gene phylogeny we propose moving this virus to the genus Elveevirus.

Source of name of this taxon: The genus name is derived from the genus name of the most closely related phages and the species name from the Genbank entry exemplar virus name. 

Genome Summary Table:
	Exemplar
Genbank Accession
	Exemplar 
RefSeq
Accession
	Species Name
	Genome Length
	GC Content
	Number of tRNAs*
	Number of ORFs**

	CP019275.1
	NZ_CP019275.1
	Elveevirus V13P477T2
	30,455bp
	52%
	0
	45


* Determined using tRNAscan-SE
** Determined using PHANOTATE or GenBank entry


References: 

2021.063B.R.Peduoviridae.docx


Proposal 10: To rename the species Graikaemvirus YenM324 to Graikaemvirus YenM3117.

Background/History: Graikaemvirus YenM3117 was isolated in Germany from unknown source material and infects Yersinia enterocolitica. The genus Graikaemvirus and species Graikaemvirus YenM3117 was first classified in the 2022 taxonomic proposal (2022.062B.Peduoviridae_6ng_19nsp.docx) but was incorrectly named due to a typographical error in the Word document.

Source of name of this taxon: The genus name is derived from the name given to this virus (vB_YenM_31.17) by the discoverers, while the species name is derived from the Genbank entry exemplar virus name.

Genome Summary Table:
	Exemplar
Genbank Accession
	Exemplar 
RefSeq
Accession
	Species Name
	Genome Length
	GC Content
	Number of tRNAs*
	Number of ORFs**

	OM140653
	N/A
	Graikaemvirus YenM3117
	32,949bp
	49.0%
	0
	44


* Determined using tRNAscan-SE
** Determined using PHANOTATE or GenBank entry

References: 

2022.062B.Peduoviridae_6ng_19nsp.docx
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[image: ]Figure 1. Peduoviridae large terminase subunit phylogeny created with Phylogeny.fr using the “one click” mode. The large terminase of Enterobacteria phage P21 is used as an outgroup. Outgroup determined with HHpred. Tree visualized with iTOL. Species highlighted in red are new while those highlighted green are species that have been renamed or moved. (Inset is a zoomed-out view of the complete tree)

[image: ]


Figure 2. Peduoviridae small terminase subunit phylogeny created with Phylogeny.fr using the “one click” mode. The small terminase of Escherichia phage T4 is used as an outgroup. Outgroup determined with HHpred. Tree visualized with iTOL. Species highlighted in red are new while those highlighted green are species that have been renamed or moved.
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Figure 3. Peduoviridae portal protein phylogeny created with Phylogeny.fr using the “one click” mode. The portal protein of Enterobacteria phage HK97 is used as an outgroup. Outgroup determined with HHpred. Tree visualized with iTOL. Species highlighted in red are new while those highlighted green are species that have been renamed or moved.





[image: ]Figure 4. Peduoviridae major capsid protein phylogeny created with Phylogeny.fr using the “one click” mode. The major capsid protein of Escherichia phage T5 is used as an outgroup. Outgroup determined with HHpred. Tree visualized with iTOL. Species highlighted in red are new while those highlighted green are species that have been renamed or moved.
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Figure 5. Peduoviridae capsid scaffold protein phylogeny created with Phylogeny.fr using the “one click” mode. The capsid scaffold protein of Enterobacteria phage HK97 is used as an outgroup. Outgroup determined with HHpred. Tree visualized with iTOL. Species highlighted in red are new while those highlighted green are species that have been renamed or moved. (Inset is a zoomed-out view of the complete tree)
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Figure 6. Peduoviridae capsid completion/stabilization protein phylogeny created with Phylogeny.fr using the “one click” mode. The capsid completion/stabilization scaffold protein of Escherichia phage T4 is used as an outgroup. Outgroup determined with HHpred. Tree visualized with iTOL. Species highlighted in red are new while those highlighted green are species that have been renamed or moved. (Inset is a zoomed-out view of the complete tree)
April 2023
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Figure 8. Analysis of Peduoviridae genome similarity based on protein clustering using two different tools, namely A) ViPTree and B) VirClust, with special emphasis on the area including Peduovirus FSLSP004 (orange highlight in A or red star in B). Red boxes highlight the portion of the graph containing genomes from the genus Peduovirus while the orange box shows the region containing genomes from the genus Eganvirus.
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Figure 9. Alignment of genomes from Peduovirus (red box) and Eganvirus (orange box) including FSLSP004 (red star) placed at different positions (A - between genomes from Eganvirus; B – between representatives of Peduovirus and Eganvirus) relative to genomes from either genus in the alignment. The cutoff applied is 60% amino acid similarity. The blue box indicates the location of marker genes used to construct protein phylogenies.
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Figure 10. Alignment of genomes from Peduovirus (red box) and Eganvirus (orange box) including FSLSP004 (red star) placed at different positions (A - between genomes from Eganvirus; B – between representatives of Peduovirus and Eganvirus) relative to genomes from either genus in the alignment. The cutoff applied is 90% amino acid similarity. The blue box indicates the location of marker genes used to construct protein phylogenies.
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