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	Abstract of Taxonomy Proposal: 

	Taxonomic rank(s) affected:   	
Family
Description of current taxonomy:   	
The viruses described in this proposal do not have a current taxonomic assignment.
Proposed taxonomic change(s): 	
A new family, Obscuriviridae, is proposed, comprising two new genera, Omtjevirus and Cebaduodecimvirus.
Justification:
The Obscuriviridae family was delineated with two genera. The genus Omtjevirus has Omtjevirus Omtje as a species and the genus Cebaduodecimvirus has Cebaduodecimvirus phi12duo and Cebaduodecimvirus phi12auna as species. The proposed taxonomic assignments are based on six different methods including nucleotide-, protein-, amino acid-, and core protein-based analysis.



	Text of Taxonomy proposal:  

	This taxonomic proposal aims to classify a new phage infecting Cellulophaga sp., as well as related cultured phages. The isolation and characterization of this new flavophage, as well as the retrieval of related phages from sequence databases is described in [3].
The here proposed taxonomic assignments are based on six different methods: i) nucleotide-based intergenomic similarities calculated with the VIRIDIC web-service (viridic.icbm.de, [13]); ii) protein-based hierarchical clustering trees calculated with VirClust (www.virclust.icbm.de), iii) amino acid-based whole genome trees calculated with the the Viral Proteomic Tree (ViPTree) [15]; iv) amino acid-based whole genome trees calculated with the Virus Classification and Tree Building Online Resource (VICTOR) [12]; v) core-protein based trees using IQ-Trees [14]; and vi) sequence relatedness using GRAViTy [2].
To calculate nucleotide-based intergenomic similarities, VIRIDIC was used with the default parameters. 
To calculate protein-based hierarchical clustering trees VirClust was used with the following parameters: i) protein clustering based on “evalue”, after reciprocal BLASTP hits were removed if e-value > 0.0001 and bitscore < 50; ii) hierarchical clustering based on protein clusters, aglomeration method “complete”, 1000 bootstraps, tree cut at a distance of 0.9. As reference for the ICTV dataset, phages belonging to the Monodnaviria with bacterial host of the Master Species List release 35 (March 2020, https://talk.ictvonline.org/files/master-species-lists/m/msl/9601) [1] updated with the newly approved proposals for 2020 (https://talk.ictvonline.org/files/master-species-lists/m/msl/12314) was used.
To calculate phylogenetic trees with ViPTree, the command line tool was used, with default parameters. 
To calculate the intergenomic distances and the phylogenetic tree, VICTOR was used with the d6 formula [11]. The resulted tree was visualized with FigTree (http://tree.bio.ed.ac.uk/software/figtree). In addition to phylogenetic trees, VICTOR uses the following predetermined distance thresholds to suggest taxon boundaries at the species, genus, subfamily and family level: 0.118980, 0.749680, 0.888940 and 0.985225, respectively [12]. These thresholds yield the highest agreement with the ICTV 2014 classification regarding the investigated taxonomic ranks [12], but not necessarily with the current ICTV recommendations. 
The nucleotide-based thresholds for the rank of species and genus used in this proposal are 95% and 70%, as recommended by ICTV. Based on previous observations [4], the VICTOR threshold for subfamily matches the new ICTV recommendations for family, and were considered as such in this proposal. 
To calculate the sequence relatedness the web service of GRAViTy ([2] ,http://gravity.cvr.gla.ac.uk) was used with the Obscuriviridae and the Baltimore Group II - ssDNA viruses + Papillomaviridae and Polyomaviridae (VMRv34). 
The intra-familial structure and relationships was determined by concatenated core proteins, calculated with VirClust, aligned with MUSCLE (v3.8.425,[5]), manually trimmed and trees calculated IQ-Tree with SH-aLRT [14] and ultrafast boostrap values [6] using ModelFinder [10]. 
The following figures and descriptions are taken from the supplementary information of [3] and demarcation criteria are added.
Obscuriviridae family
The family Obscuriviridae is named after the Latin word obscurus, which can be translated as ambiguous and uncertain. This word was chosen, because the importance of this family is still unresolved.
Family demarcation criteria: Monophyletic group in VirClust (Figure 2), VICTOR (Figure 3), and ViPTree (Figure 4) sharing 11 core genes (replication initiation factor, mannosyl-glycoprotein endo-beta-N-acetylglucosaminidase, structural protein (8), hp, see protein clusters 1 - 11 [3]). Only one protein cluster was shared outside this cluster, with Flavobacterium phage FliP (Figure 2), even when forming protein-superclusters based on HMM similarities (Figure 5).
Omtjevirus genus
The name originates from the species Omtjevirus Omtje.
Genus demarcation criteria: 70% intergenomic nucleotide similarity.
Omtjevirus Omtje species
With Cellulophaga sp. HaHaR_3_176 (DSM111152) a set of five closely related phages were isolated, to which we refer as Omtje_1-5 (sequence identity > 99.9%). They are all belonging to the species Omtjevirus Omtje. Only Omtje_3 was isolated in 2017 and 2018. Omtje had a capsid diameter of 52.3 ± 4.6 nm, and lack a tail. Thin sections of the phages show a potential lipid layer inside the capsid. DNA digestion revealed that they are ssDNA viruses. Their small circular genome of 6,558 bp (MT732445 ) with 31.2% GC content also suggests that they are belonging to the tail-less ssDNA phages. ORF prediction revealed 13 genes, which mostly encoded for structural proteins. In addition, a replication initiation factor and a lysis protein (N-aceylmuramoyl-L-alanine-amidase) were identified. Omtje were 57.6% similar to the Cellulophaga phage phi12:2 (NC_021797.1), which is a ssDNA phage isolated from the Baltic Sea in 2000 [7, 8]. 
Omtje is a first name of Frisian origin, the language spoken on Helgoland.
Species demarcation criteria: 95% intergenomic nucleotide similarity.
Cebaduodecimvirus genus
The name of the genus Cebaduodecimvirus originates from the host Celluolophaga baltica and the twelfth virus, in Latin duodecim.
Genus demarcation criteria: 70% intergenomic nucleotide similarity.
Cebaduodecimvirus phi12duo species
The Cebaduodecimvirus phi12duo was isolated with Cellulophaga sp. #12 in 2005 from the Öresund strait [7]. It had an icosahedral capsid without a tail, ssDNA as nucleic acid type, and a genome size of 6,453 kb (KC821606.1) [8, 9].
Species demarcation criteria: 95% intergenomic nucleotide similarity.
Cebaduodecimvirus phi12auna species
Cebaduodecimvirus phi12auna contains the strains Cellulophaga phage phi12a:1, Cellulophaga phage phi18:4, and Cellulophaga phage phi48:1. All strains were isolated from the Öresund strait in 2005. Cellulophaga phage phi12a:1 infected Cellulophaga sp. OL12a, Cellulophaga phage phi18:4 infected Cellulophaga sp. #18, and Cellulophaga phage phi48:1 infected Cellulophaga sp. NN016048. All had ssDNA, and icosahedral capsid without tail and a genome size of 6,478 kb (KC821623.1) [8, 9].
Species demarcation criteria: 95% intergenomic nucleotide similarity.
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	Tables, Figures:  


Supporting evidence

Table 1: Additional strains belonging to the same species, classified in this proposal.
	Species
	Exemplar isolate
	Additional genomes belonging to this species

	Omtjevirus Omtje
	Cellulophaga phage Omtje_1
	MT732446, MT732447, MT732448, MT732449

	Cebaduodecimvirus phi12auna 
	Cellulophaga phage phi12a:1 
	KC821628, KC821631
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Figure 1: Genome Map of Cellulophaga phage Omtje_1.
[image: C:\Users\nheinzma\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Figure_4.png]
Figure 2: VirClust hierarchical clustering of the new ssDNA flavophages and their relatives, based on intergenomic distances calculated using the protein cluster content. 1. Hierarchical clustering tree. Two support values, selective inference (si [16]) and approximately unbiased (au [17]) are indicated at branching points (si/au) only for the major clades. The tree was cut into smaller viral genome clusters (VGCs) using a 0.9 distance threshold. Each VGC is framed in a rectangle in 2 and 3. 2. Silhoutte width, measures how related is a virus with other viruses in the same VGCs. Similarity to other VGCs is indicated by values closer to -1 (red). Similarity to viruses in the same VGC is indicated by values closer to 1 (green). 3. Distribution of the protein clusters (PCs) in the viral genomes. 4. Genome length (bps). 5. Fraction of proteins shared with other viruses (dark grey), based on protein assignment to PCs. 6. Virus names, with flavophages isolated in this study marked in red. 7. TEM images of the new flavophages, uranyl acetate negative staining. Scale bar in each TEM image has 50 nm. 8. Family (ICTV). 9. Kingdom (ICTV). 10. Realm (ICTV). Lighter colours in column 8- 10 represent phages not recognized by the ICTV, but by publications.
[image: C:\Users\nheinzma\AppData\Local\Microsoft\Windows\INetCache\Content.Word\ssDNA_Flavos_VICTOR_new_2.png]
Figure 3: Whole-genome phylogeny determined with VICTOR (amino-acid based) for newly isolated ssDNA phage reference phage genomes. New phage isolate is depicted in red. Bootstrap values are indicated at branches. Family (F) and subfamily (U) clustering is indicated at the end of the genome names.
[image: C:\Users\nheinzma\AppData\Local\Microsoft\Windows\INetCache\Content.Word\ssDNa_Flavos_VipTree_new.png]
Figure 4: ViPTree of ssDNA viruses with our new phage isolate depicted in red.
[image: ssDNA_Flavos_VirClust_PSC]
Figure 5: VirClust hierarchical clustering of the new ssDNA flavophages and their relatives, based on intergenomic distances calculated using the protein super-cluster content (PC clusters were grouped into super-clusters based on HMM profile homology). 1. Hierarchical clustering tree. The tree was cut into smaller viral genome clusters (VGCs) using a 0.9 distance threshold. Each VGC is framed in a rectangle in 2 and 3. 2. Silhoutte width, measures how related is a virus with other viruses in the same VGCs. Similarity to other VGCs is indicated by values closer to -1 (red). Similarity to viruses in the same VGC is indicated by values closer to 1 (green). 3. Distribution of the protein super-clusters (PSCs) in the viral genomes. 4. Genome length (bps). 5. Fraction of proteins shared with other viruses (dark grey), based on protein assignment to PSCs. 6. Virus names, with flavophage isolated in this study marked in red. 
To note: The “Obscuriviridae” share only one protein with a phage from another cluster (the Falvobacterium phage FLIP).
[image: ]
Figure 6: Core gene phylogeny of “Obscuriviridae” using MUSCLE aligned core proteins and IQ-Tree. This phylogeny is based on seven core genes which can be found in the annotation file of Omtje in the following protein clusters: 1 (hp), 2 (structural protein), 8 (structural protein), 9 (structural protein), 10 (structural protein), 11 (structural protein), 3 (replication initiation factor), 4 (structural protein), 5 (structural protein), 6 (structural protein), 7 (mannosyl-glycoprotein endo-beta-N-acetylglucosaminidase) (SI file 2, [3]). The first branch support value is the SH-aLRT support in %, the second value is the ultrafast bootstrap support. Using the model finder the LG+F+G4 substitution model was determined as best fitting substitution model and used for the tree calculation.

Appendix
Figure 7: Intergenomic nucleotide similarity matrix of new isolates, environmental genomes and reference genomes calculated by VIRIDIC. Phage genera are indicated on the right side.

Figure 8: GRAViTy heat map with Obscuriviridae placed in the Inoviridae.
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100 e NC_009987.1_Spiroplasma_kunkelii_virus_SkV1_CR2_3x@S50_G14_U9_F2
i — NC_001365.1_Spiroplasma_phage_1_R8A2B@S27_G14_U9_F2
NC_001270.2_Spiroplasma_phage_SVTS2@S23_G6_U5_F2
MF361639.1_Flavobacterium_phage_FLIP@S5_G1_U1_F5 Finnlakeviridae
NC_021793.1_Cellulophaga_phage_phid8_2@S61_G21_U13_F5
8 KC821628.1_Cellulophaga_phage_phi18_4@S1_G3_U2_F6
<[| o KC821631.1_Cellulophaga_phage_phi48_1@S1_G3_U2_F6
55 KC821623.1_Cellulophaga_phage_phi12a_1@S1_G3_U2_F6
100 - KC821606.1_Cellulophaga_phage_phi12_2@81_G3_U2_F6
Omtjevirus Omtje_1@514_G3_U2_F6
oo LC210520.1_Thermus_phage_phiOH16@S67_G24_U15_F6
100 == NC_045425.1_Thermus_phage_phiOH3@S67_G24_U15_F6

Microviridae

%

Plectroviridae

100

61

100

Obscuriviridae

NC_003460.1_Propionibacterium_phage_B5@S43_G12_U8_F6
[ MH206183.1_Xanthomonas_phage_phiXv2@S8_G13_U16_F8
B[ e MH206184.1_Xanthomonas_phage_phiLf@S9_G13_U16_F8
b MH218848.1_Xanthomonas_phage_phiL2@S10_G13_U16_F8
74 MK512531.1_Xanthomonas_phage_Cf2@S11_G13_U16_F8
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CP017906.1_Vibrio_phage_K05K4_VK05K4_2@842_G15_U11_F8
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MH206184.1_Xanthomonas_phage_phiLf
MH206183.1_Xanthomonas_phage_phiXv2
MH218848.1_Xanthomonas_phage_phiLf2
MK512531.1_Xanthomonas_phage_Cf2
NC_007189.1_Stenotrophomonas_phage_phiSMA9
NC_021569.1_Stenotrophomonas_phage_phiSMA7
HM150760.1_Stenotrophomonas_phage_phiSHP2
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NC_043028.1_Xanthomonas_phage_XF109
KY853667.1_Xanthomonas_phage_Xf409
MN335248.1_Xanthomonas_phage_XaF13
NC_043029.1_Stenotrophomonas_phage_phiSMAG
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NC_047765.1_Ralstonia_phage_Rs551
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NC_025454.1_Ralstonia_phage_RS603
NC_011399.1_Ralstonia_phage_RSM3
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CP017906.1_Vibrio_phage_K05K4_VK05K4_2
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NC_015209.1_Vibrio_phage_CTX
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KT779270.1_Vibrio_phage_pre-CTX
KM352500.1_Vibrio_phage_CTX_strain_81
NC_001331.1_Pseudomonas_phage_Pf1
MN710383.1_Pseudomonas_phage_pf8_ST274-AUS411
NC_002014.1_Enterobacteria_phage_lke
MT901799.1_Erwinia_phage_PEar4
NC_001332.1_Enterobacteria_phage_[2-2
NC_003287.2_Enterobacteria_phage_M13.
NC_001954.1_Enterobacteria_phage_If1
NC_021562.1_Vibrio_phage_VFJ
NC_001956.1_Vibrio_phage_fs2
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