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Abstract
	There are currently three defined species in the genus Menderavirus. Here we propose a fourth species.



Text of proposal
		A 95% DNA sequence identity was chosen as the criterion for demarcation of species in this genus Menderavirus. The proposed species differs from the others with more than 5% at the DNA level as confirmed with VIRIDIC.





Supporting evidence

Specific reference: Damnjanović D, Vázquez-Campos X, Elliot L, Willcox M, Bridge WJ (2022) Characterisation of bacteriophage vB_SmaM_Ps15 infective to Stenotrophomonas maltophilia clinical ocular isolates. Viruses 14:709. [1].

History: This phage was isolated from the Cleveland Bay Water Processing Plant in Townsville (Queensland, Australia), where the wastewater from public hospitals and most of Townsville city is processed. The phage was isolated and propagated on the Pseudomonas aeruginosa AP143 using standard phage isolation methods, a culture later known to be a mix of Pseudomonas aeruginosa and Stenotrophomonas maltophilia. Stenotrophomonas maltophilia is the only known host.


Genomic summary: Comparisons between genomes were performed based on gene callings performed for this analysis in order to avoid biases due to different annotation methods [1].

	[bookmark: _Hlk87538510]Phage strain
	INSDC
	Size (bp)
	GC%
	Proteins a
	Coding Density
	Genome Similarity/Query Cover (%, BLASTn) b
	Genomic similarity (VIRIDIC)
	Shared Proteins (%)

	vB_SmaM_Ps15
	OL702939.1
	161,350
	54.2
	275
	93.86
	100.0/100
	100
	275 (100)

	BUCT608
	MZ398248.1
	160,122
	54.2
	270 (266)
	94.15
	98.62/92
	89.39
	221 (81.85)

	IME-SM1
	KR560069.1
	159,514
	54.1
	267 (202)
	92.88
	98.50/91
	88.21
	210 (78.65)

	Marzo
	MZ326868.1
	159,384
	54.0
	262 (268)
	93.65
	97.49/90.5
	86.11
	213 (81.30)

	Mendera
	MN098328.1
	159,961
	54.0
	272 (286)
	94.05
	98.07/89.5
	86.09
	207 (76.10)

	Moby
	MN095772.1
	159,365
	54.1
	268 (271)
	94.02
	94.73/91.5
	87.23
	215 (80.22)

	YB07
	MK580972.1
	159,862
	54.1
	269 (257)
	93.85
	98.45/90.5
	88.3
	220 (81.78)


a: values from NCBI’s public genome annotations in parenthesis. b: based on genome vs. genome with blastn on NCBI’s website. The values indicate the average of reciprocal hits. Note all strains are unique representatives of their species, except BUCT608, and YB07, which are strains of Stenotrophomonas virus IMESM1.



Pangenomics: Pangenomic analysis was performed with Roary v3.13.0 [2] with an identity threshold of 70% to account for the large variability in viral gene sequences. The genome of VB_SmaM_Ps15 showed the largest number of unique proteins (51) and some proteins found in all other Menderavirus were absent (28).
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Phylogeny: Confirmation of the placement of VB_SmaM_Ps15 within the Menderavirus genus was performed with independent phylogenies of the major capsid protein and the large terminase subunit. The single protein trees were built using the top 100 UniProtKB matches against the respective VB_SmaM_Ps15 proteins (e-value 0.0001, low complexity regions filter). Matches were dereplicated using CD-Hit v4.8.1 [3] with the following parameters -s 0.95 -c 0.95. With the redundant sequences removed, all the corresponding Menderavirus sequences were added. Alignment was performed with MAFFT-L-INS-i v7.475 [4]. Trees were built with IQ-TREE v2.1.3 [5] under the recommended substitution model (-m MFP), with 1000 ultrafast bootstrap replicates  and nearest neighbour interchange optimisation [6]. Rooting of the phylogenetic trees was evaluated using non-reversible substitution models [7] using IQ-TREE v2.1.3 [5] with 1000 ultrafast bootstrap replicates (referred to as rootstrapping) [7].

Placement within the Menderavirus genus was evaluated using a partitioned protein tree using all the protein coding genes present in all Menderavirus genomes (188). The proteins were aligned with MAFFT-L-INS-i v7.475 [4] and concatenated. A maximum likelihood tree was constructed with IQ-TREE v2.1.4-beta [5] with 1000 ultrafast bootstrap replicates [6] and automated substitution model selection for each partition. Due to the limited number of conserved genes with the closest non-Menderavirus genomes suitable to be used as root, i.e., Acidovorax phage ACP17 (GCF_002625205.1), the long evolutionary distance and the high sequence conservancy of the shared genes, the phylogenomic tree was rooted using non-reversible substitution models [7].
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Phylogenetic trees showing the placement of VB_SmaM_Ps15 in relationship to other phages. Phylogenies are based on the major capsid protein (A), the large terminase subunit (B), and on the partitioned phylogenomic analysis with 188 core proteins (C). Tip colours indicate the phylum of the host. Trees were rooted using non-reversible substitution models [7].



Electron micrograph:
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Transmission electron micrographs of the VB_SmaM_Ps15 phage particles stained with 2% (w/v) uranyl acetate displaying the myovirus morphotype. Magnification × 60 K. Scale bars are included for each image.
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