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	Is any taxon name used here derived from that of a living person:  
	Y

	Taxon name
	Person from whom the name is derived
	Attached X

	Connertonviridae
	Ian F. Connerton
	Y

	
	
	

	
	
	



	Abstract of Taxonomy Proposal: 

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

Description of current taxonomy:       
At present the following taxa exist as genera within the floating subfamily Eucampyvirinae, order Caudoviricetes: Fletchervirus and Firehammervirus.

Proposed taxonomic change(s):     
A. To create eight new species in the genus Fletchervirus
B. To create four new species in the genus Firehammervirus
C. To create a new family Connertonviridae and abolish the subfamily Eucampyvirinae.

Justification:
We propose the abolishment of the Eucampyvirinae and the creation of a new family Connertonviridae based on analysis of the genera Fletchervirus and Firehammervirus using VIRIDIC, ViPTree, VirClust and phylogeny of 16 core proteins shared between the member species. 



	· Text of Taxonomy proposal:  

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

Description of current taxonomy:       

At present the following taxa exist: Fletchervirus, Firehammervirus and Eucampyvirinae.

Proposed taxonomic change(s):     
A. To create eight new species in the genus Fletchervirus
B. To create four new species in the genus Firehammervirus
C. To create a new family Connertonviridae and abolish the subfamily Eucampyvirinae.

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 large Campylobacter myoviruses of the Firehammervirus and Fletchervirus genera are grouped in the subfamily Eucampyvirinae.  Recent analysis reveals that the members of these two genera are sufficiently different at the DNA (size and sequence similarity) and protein (homologs and phylogeny) level to warrant upgrading to a family.  We have proposed this move in the current TaxoProp with the name of the new family, Connertonviridae recognizing the significant impact of Professor Ian F. Connerton to our understanding of Campylobacter and its phages.
This assignment is in keeping with the criteria laid out in [10]  
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	Tables, Figures:  
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Figure 1. VIRIDIC heat map 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; Camp = Campylobacter. The full VIRIDIC heatmap is provided as supplementary material
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Description automatically generated]
[bookmark: _Hlk169932984]Figure  2. ViPTree [4] analysis Proteomic tree of 4,408 bacterial viruses with proposed viral families labeled by the coloured ring. The Connertonviridae are marked with a star symbol. The hierarchical tree was created using ViPTreeGen (version 1.1.2) and annotated using iToL [14-15]. The tree is based on a dissimilarity matrix generated by pairwise tBLASTx scores between each of the genomes.
[image: A black background with orange lines

Description automatically generated]
[bookmark: _Hlk169933108]Figure 3. ViPTree [4] hierarchical tree pruned to show the proposed Connertonviridae.  Neighbouring clades are not shown.
[image: ]
Figure 4. Phylogeny: The phylogenetic tree was constructed using the large subunit terminase (TerL) 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."
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[bookmark: _Hlk169933113]Figure 5. Core genome phylogeny of the proposed Connertonviridae family of bacterial viruses. A partitioned protein ML phylogeny was created from 16 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 [16-18]. The tree is rooted at the midpoint and UF bootstrap support ≥ 95% are shown. The coloured strips indicate proposed genera and subfamilies.   

[bookmark: _Hlk169933118]Table 1. Signature genes in the proposed Connertonviridae 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%
	tail tube protein

	2
	19
	100%
	putative sigma factor for late transcription

	3
	19
	100%
	major capsid protein

	4
	19
	100%
	ssDNA-binding protein

	5
	19
	100%
	putative sliding clamp loader

	6
	19
	100%
	putative thymidylate synthase

	7
	19
	100%
	putative thymidine kinase

	8
	19
	100%
	prohead core scaffold and protease

	9
	19
	100%
	hypothetical protein

	10
	19
	100%
	hypothetical protein

	11
	19
	100%
	putative poly A polymerase

	12
	19
	100%
	putative dUTP pyrophosphatase

	13
	19
	100%
	putative holliday junction resolvase

	14
	19
	100%
	putative ATP-dependent DNA/RNA helicase (UvsW)

	15
	19
	100%
	putative DNA end protector protein

	16
	19
	100%
	tail sheath protein




Proposals Data:
[bookmark: _Hlk167793355]A. To create eight new species in the genus Fletchervirus
B. To create four new species in the genus Firehammervirus
[bookmark: _Hlk167795469]C. To create a new family Connertonviridae and abolish the subfamily Eucampyvirinae.

Taxonomic Proposals: 
A. [bookmark: _Hlk162266286]To create eight new species in the genus Fletchervirus

Origin of the name of this taxon:  N/A

[bookmark: _Hlk162267619][bookmark: _Hlk167882067]Historical aspects: This taxon was created through Taxonomy Proposal 2013.004a-kB.A.v4.Eucampyvirinae.


Genomic characterization:
	Phage name
	INSDC 
	Size (kb)
	Protein 
	Overall % DNA sequence identity (*)
	Overall % homologous proteins (**)

	Campylobacter phage NCTC12673
	NC_015464.1
	135.0
	166
	100
	100

	Campylobacter phage F341
	OQ864999.1
	131.7
	167
	90.1
	92.2

	Campylobacter phage vB_Cj_QDYZ
	OQ515481.1
	130.6
	165
	90.3
	87.9

	Campylobacter phage PC5
	KX229736.1
	131.1
	172
	91.4
	89.2

	Campylobacter phage F336
	MT863715.1
	131.2
	178
	92.1
	91.6

	Campylobacter phage CJLB-7
	MW057933.1
	124.3
	180
	91.2
	87.3

	Campylobacter phage CJLB-10
	MW074124.1
	123.8
	177
	89.9
	85.5

	Campylobacter phage F372
	MT863729.1
	131.5
	159
	91.8
	87.3

	Campylobacter phage F207
	MT863714.1
	130.8
	158
	92.4
	89.2



[bookmark: _Hlk162266894]


 




 

 

















(*) determined using VIRIDIC [3]
[bookmark: _Hlk167794066](**) determined using CoreGenes 3.5 [6]


B. To create four new species in the genus Firehammervirus

Origin of the name of this taxon:  N/A

Historical aspects: This taxon was created through Taxonomy Proposal 2013.004a-kB.A.v4.Eucampyvirinae.

Genomic characterization:
	Phage name
	INSDC 
	Size (kb)
	Protein 
	Overall % DNA sequence identity (*)
	Overall % homologous proteins (**)

	Campylobacter phage CP21
	NC_019507.1
	182.8
	257
	100
	100

	Campylobacter phage CJLB-15
	MW365733.1
	169.1
	119(***)
	73.9
	ND

	Campylobacter phage F379
	MT932329.1
	183.1
	211
	86.9
	71.6

	Campylobacter phage CJLB-12
	MW074125.1
	159.9
	227
	85.5
	67.3

	Campylobacter phage CJLB-14
	MW074126.1
	157.5
	241
	87.0
	66.9




(*) determined using VIRIDIC [3]
(**) determined using CoreGenes 3.5 [6]
(***) sequenced using Nanopore – Not included in the Excel spreadsheet

C. To create a new family Connertonviridae and abolish the subfamily Eucampyvirinae.

Origin of the name of this taxon:  This taxon was named in honour of British microbiologist/food scientist Professor Ian F. Connerton was born in Sheffield in the UK (1959) and was educated at state schools in the city. After undergraduate studies in Biochemistry, he was awarded a PhD in Chemistry from the University of Warwick in 1985. After post-doctoral research at the University of Cambridge in Genetics, he joined the University of Reading in 1987 to teach Microbiology and began his interest in the foodborne pathogen Campylobacter. He joined the Institute of Food Research in 1991 to become Deputy Head of Food Macromolecular Science with specific interests in the structure and function of plant cell wall degrading enzymes. He was appointed as the first Northern Foods Chair of Food Safety at the University of Nottingham in 1998, where he developed his research interests in bacteriophages for the control Campylobacter ssp. from zoonotic sources.
[image: ]
(Photo kindly provided by:  Ian F. Connerton)

Rationale: By VIRIDIC analysis the proposed members share ≥3.1% DNA sequence similarity and share 16 protein homologs.  Using vConTACT v.3.0 these phages are predicted to comprise a novel family.  The relationship between the Fletchervirus and Firehammervirus is not that of a subfamily, but that of a family, so we propose to abolish the subfamily in this taxon.
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