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[bookmark: _Hlk484027038]The distinctive morphological feature of particles produced by the phages belonging to the family Tectiviridae is that they are tail-less with a double-layer capsid. The ≈15 kb linear dsDNA genome is located within a lipid-containing membrane covered by the rigid icosahedral protein capsid. Currently, phages producing such particles are grouped in the genus Tectivirus, despite a lack of genome sequence similarity. The list of approved species in the genus Tectivirus includes Salmonella virus PRD1, Bacillus virus Bam35, Bacillus virus AP50, Thermus virus P37-14, and Alicyclobacillus virus NS11 (the latter two have not been sequenced). However, there are several novel and completely sequenced phages that have been proposed as members of the family Tectiviridae [7, 8, 9, 10, 14, 19, 20]. These phages can be subdivided into two groups: lytic phages infecting Gram-negative bacteria (i.e., members of Enterobacteriaceae) (Table 1), and temperate ones infecting Gram-positive bacteria (i.e., Bacillus cereus sensu lato) (Table 2). Moreover, different studies have proposed that the family Tectiviridae includes at least two separated genera [9, 14]. Hence, a reexamination of the members of the genus Tectivirus, along with an assessment of the completely sequenced genomes of candidate tectiviruses available to date, exposes the necessity to include in the family Tectiviridae two new genera (Fig. 1). DNA sequence identity comparisons (Tables 1 and 2), phylogenetic analyses (Fig. 1 and 2), including proteins present in members of both group of phages [9, 13, 14], and genome alignments (Fig. 3) all indicate that the proposed genera, Alphatectivirus and Betatectivirus, are cohesive and distinct from each other.


a) Alphatectivirus (the existing genus Tectivirus to be renamed Alphatectivirus)

Genus demarcation: BLASTN (Table 1), phylogenetic analyses (Fig. 1 and 2), and genome alignments (Fig. 3A) all indicate that the proposed genus, Alphatectivirus, is cohesive and distinct from other genera. On average, the genomes of members of this genus are 14.9 kb in length (48.2 mol% G+C) and encode approximately 32 putative proteins and 0 tRNAs. These lytic viruses show strong similarity to each other in their genomes (Fig. 1 and 3A) and amino acid sequences of their major capsid, DNA packaging ATPase, DNA polymerase B, and lysis-related (endolysin) proteins (Fig. 2). 

Type species: Pseudomonas virus PRD1 (the existing type species Salmonella virus PRD1 to be renamed Pseudomonas virus PRD1 since the original host used to isolate this virus was a Pseudomonas sp.). Enterobacteria phage PRD1 was the first described member of this genus and many biological, genomic, proteomic and structural data are available.

Genus name: Alphatectivirus; from alpha, the first letter of the Greek alphabet, indicating first genus of this family and from Latin tectus, meaning “covered”.

Species demarcation: We have chosen 95% DNA sequence identity as the criterion for demarcation of species in this new genus. The members of the proposed species differ from each other by less than 5% at the DNA level, as confirmed with the BLASTN algorithm, and are considered as isolates.

Table 1. Properties of the phages in genus Alphatectivirus.

	Phage Name
	GenBank acc. No.
	RefSeq No.
	Genome length (bp)
	% G+C
	No. of CDSs
	No. tRNA
	[bookmark: _Hlk484026797]% DNA
sequence
identity*

	Enterobacteria phage PRD1 §
	AY848689
	NC_001421
	14927
	48.1
	31
	0
	100

	Enterobacteria phage PR5 †
	AY848687
	-
	14939
	48.2
	31
	0
	98

	Enterobacteria phage PR772 †
	AY848688
	-
	14942
	48.6
	31
	0
	97

	Enterobacteria phage L17 †
	AY848684
	-
	14935
	48.3
	31
	0
	96

	Enterobacteria phage PR3 †
	AY848685
	-
	14937
	48.2
	31
	0
	96

	Enterobacteria phage PR4 #
	AY848686
	-
	14954
	48.3
	34
	0
	93


* Determined by NCBI BLASTN, using the AY848689 sequence as reference.
§ The type species to be renamed Pseudomonas virus PRD1.
† Should be considered a strain of Enterobacteria phage PRD1 within the species Salmonella virus PRD1 within this genus.
# Represents a new species.

b) Betatectivirus (new genus) 

Genus demarcation: BLASTN (Table 2), phylogenetic analyses (Fig. 1 and 2), and genome alignments (Fig. 3B) all indicate that the proposed genus, Betatectivirus, is cohesive and distinct from other genera. On average, the genomes of members of this genus are 14.7 kb in length (39.1 mol% G+C) and encode approximately 30 putative proteins and 0 tRNAs. These temperate viruses show strong similarity to each other in their genome (Fig. 1 and 3B) and amino acid sequences of their major capsid, DNA packaging ATPase, DNA polymerase B (except Bacillus phage Wip1), and lysis-related (endolysin) proteins (Fig. 2).

Type species: Bacillus virus Bam35. Many biological, genomic, proteomic, and structural data are available for this virus.

Genus name: Betatectivirus; from beta, the second letter of the Greek alphabet, indicating second genus of this family and from Latin tectus, meaning “covered”.

Species demarcation: We have chosen 95% DNA sequence identity as the criterion for demarcation of species in this new genus. The members of the proposed species differ from each other by less than 5% at the DNA level, as confirmed with the BLASTN algorithm, and are considered as isolates.

Table 2. Properties of the phages in genus Betatectivirus.

	Phage Name
	GenBank acc. No.
	RefSeq No.
	Genome length (bp)
	% G+C
	No. of CDSs 
	No. tRNA
	% DNA
sequence
identity*

	Bacillus phage Bam35c
	AY257527
	NC_005258
	14935
	39.7
	32
	0
	100

	Bacillus phage pGIL01 †
	AJ536073
	-
	14931
	39.7
	30
	0
	99

	Bacillus phage pGIL02 †
	CP013282
	-
	14961
	39.7
	30‡
	0
	99

	Bacillus phage GIL16c #
	AY701338
	NC_006945
	14844
	40.1
	31
	0
	87

	Bacillus phage AP50 #
	EU408779
	NC_011523
	14398
	38.7
	31
	0
	77

	Bacillus phage Wip1 #
	KF188458
	NC_022094
	14319
	36.9
	27
	0
	67


* Determined by NCBI BLASTN, using the AY257527 sequence as reference.
† Should be considered a strain of Bacillus phage Bam35c within the species Bacillus virus Bam35 within this genus.
‡ There are only 21 CDSs indicated in the GenBank sequence annotation.
# Represents a new species.

c) Deleted species from the family Tectiviridae

The approved species in the family Tectiviridae that were previously assigned to the genus Tectivirus have been reassigned, in the present proposal, to the genera Alphatectivirus or Betatectivirus, except for Thermus virus P37-14. The phage of the latter species has not yet been sequenced, making its proper classification difficult. Also, no member of Alicyclobacillus virus NS11 (previously located in the list of unassigned species in the family Tectiviridae) has been sequenced and none are available anymore. Therefore, the species Thermus virus P37-14 and Alicyclobacillus virus NS11 will be abolished.


Fig. 1. Maximum likelihood tree showing the genetic relationships among the complete sequenced tectiviruses. Sequences were aligned using MUSCLE [4] and the general time-reversible plus gamma model of nucleotide substitution was used to build the phylogenetic tree based on complete nucleotide sequences. The tree was constructed using MEGA 6 [5]. Bootstrap values (1,000 iterations) above 75% are indicated for each node. The green and blue boxes highlight phages belonging to genera Alphatectivirus and Betatectivirus, respectively. GenBank accession numbers are given in brackets.
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Fig. 2. Phylogenetic analysis of (A) major capsid proteins, (B) DNA packaging ATPase proteins, (C) DNA polymerase B proteins, and (D) lytic enzymes of tectivirus-related phages. The tree was constructed using “one click” mode at phylogeny.fr website [3]. In this mode “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 [1] for details. N.B.  The members of genus Alphatectivirus are boxed in green while the members of genus Betatectivirus are boxed in blue. Bacillus phage phi29 and Bacillus phage GA-1 were used as outgroups in trees A-C. 



A) Major capsid proteins
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B) DNA packaging ATPase proteins
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C) DNA polymerase B proteins
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D) Lytic enzymes (N-acetyl-muramidases)
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Fig 3. Progressive MAUVE [2] alignment of the annotated genomes of members of the genera (A) Alphatectivirus and (B) Betatectivirus. Progressive MAUVE uses a sum-of-pairs breakpoint score, which facilitates accurate detection of rearrangement breakpoints when genomes have unequal gene content [2]. Each genome is displayed horizontally with annotated coding regions shown as white boxes and homologous segments are shown as colored blocks that are connected across genomes. NB. (A) From top to bottom: Enterobacteria phage PRD1, Enterobacteria phage PR5, Enterobacteria phage PR772, Enterobacteria phage L17, Enterobacteria phage PR3 and Enterobacteria phage PR4. (B) From top to bottom: Bacillus phage Bam35c, Bacillus phage pGIL01, Bacillus phage GIL16c, Bacillus phage AP50, and Bacillus phage Wip1. Bacillus phage pGIL02 was not included in the alignment since the annotated deposited sequence (CP013282) contains numerous errors. 

A) Members of genus Alphatectivirus
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B) Members of genus Betatectivirus
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