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Abstract

	As part of a major taxonomic overhaul of the Lactococcus siphoviruses we have chosen to create a genus for the 1706-like phages which we have called Fremauxvirus.




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







Supporting evidence

Source of the name of this taxon:  This genus is named in honour of Dr. Christophe Fremaux in whose laboratory phage 1706 was isolated, and recognized as being distinct.  Dr. Christophe Fremaux (b. 1960, France; Ph.D. in Molecular Microbiology from the Institute of Oenology – University of Bordeaux (1990).  Since 1994, Scientist at DuPont Innovation Center at Dangé Saint Romain (France) working on the selection of lactic acid bacteria for the development of dairy starter cultures.     Leading the Bacteriophage Research Group (1996-2010); and, Heading the Department of Strain Selection and Development (2004-2018).  Recipient of Dupont’s Bolton and Carothers Innovative Science Award (2013), Science Discovery Award (2016), Pedersen Medal (2019). Appointed Dupont Technical Fellow in 2019.   

[bookmark: _Hlk43717073]History: “The virulent lactococcal phage 1706, isolated in 1995 from a failed cheese production in France, represents a new lactococcal phage species of the Siphoviridae family. Transmission electron microscopic observations of 1706 revealed a distinctive, long, non-contractile tail (276×11nm) with an icosahedral capsid (58nm).” [Garneau JE et al., 2008] Lactococcus phage P1046 was isolated in Germany, and Lactococcus phage CHPC971 was isolated in The Netherlands.

ViPTree analysis: ViPTree analysis (https://www.genome.jp/viptree/; [1]) is based upon Rohwer and Edwards (2002) famous Phage Proteomic Tree [2].  Phage 1706 is marked with a red star.
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VIRIDIC heat map: VIRIDIC (Virus Intergenomic Distance Calculator; [3]; http://rhea.icbm.uni-oldenburg.de/VIRIDIC/) computes pairwise intergenomic distances/similarities amongst phage genomes. The black box delineates strains.  The colour code in columns 3 indicates the boundary of the proposed genus.  
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[bookmark: _Hlk43725191]Specific Reference:  Garneau JE, Tremblay DM, Moineau S. Characterization of 1706, a virulent phage from Lactococcus lactis with similarities to prophages from other Firmicutes. Virology. 2008;373(2):298-309. doi:10.1016/j.virol.2007.12.002  [1706]

  
GenBank Summary:

	Phage name
	RefSeq No.
	INSDC 
	Size (Kb)
	GC% 
	Protein 
	Overall DNA sequence identity (*)
	% common proteins (**)

	Lactococcus phage 1706
	NC_010576.1
	EU081845.1
	55.6
	33.7
	76
	100
	100

	Lactococcus phage CHPC971
	
	MK779875.1
	54.38
	34.1
	73
	85.8
	86.8


N.B. Lactococcus phage P1046 (MN552143) should be considered a strain of Lactococcus virus CHPC971
in this genus
(*) Determined using VIRIDIC [3]
(**) Determined using CoreGenes 3.5 at http://binf.gmu.edu:8080/CoreGenes3.5/ [4]

Electron micrograph: Electron micrograph of negatively stained phage 1706 (kindly provided by: Dr. Horst Neve, Max Rubner-Institut, Federal Research Institute of Nutrition and Food, Department of Microbiology and Biotechnology, Hermann-Weigmann-Str. 1, D-24103 Kiel, Germany)
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Phylogeny: The phylogenetic tree was constructed using the terminase large subunit of 1706 and related phages with phylogeny.fr in “one click” mode [5]. "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." It also includes the use of Gblocks to eliminate poorly aligned positions and divergent regions. "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 [6] for details."
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4 The viral proteomic tree
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2687 sequences

Vibrio phage phiVC8 (NC_027118) [39,422 nt]
Vibrio phage VPS5 (NC_003891) [39,786 nt]

Vibrio phage QH (NC_027397) [39,725 nt]

Vibrio phage VP2 (NC_005879) [39,853 nt]

Vibrio phage H2 SGB-2014 (KM612262) [39,530 nt]
Vibrio phage CJY (KM612260) [39,542 nt]

Vibrio phage J2 (NC_027393) [39,530 nt]

Vibrio phage H3 (KM612263) [39,530 nt]

Vibrio phage J3 (KM612265) [39,782 nt]

Vibrio phage H1 (KM612261) [39,530 nt]




