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ICTV-EC comments and response of the proposer
	
The EC has assessed and approved the proposal with the following comments that should be addressed before the ratification vote:

1. Please update in the Excel file the virus name to the format “Genusname sp. isolate XXX” where XXX is a unique alphanumeric code. E.g., “uncultured phage 1827_77749” would become “Satomivirus sp. isolate 1827_77749”
Response: We have updated the virus names accordingly. 

2. The EC noticed that all exemplar virus genome gene products were over-annotated (see Table 1). If the evidence is low (low probability, e-value higher than 10-3, low bitscore), then these gene products should be annotated as “hypothetical protein”. Please consider updating the GenBank records as they will now be used as high-quality representative records.  
Response: We have annotated “hypothetical protein” for genes with low confidence values (probability < 90%). The same threshold was applied for genes in GenBank. 
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Part 3: TAXONOMIC PROPOSAL
Name of accompanying Excel module
	2023.072B.A.v1.Umezonoviridae_nf.xlsx


Abstract
	Shotgun metagenomic analysis has uncovered a diverse range of double-stranded DNA (dsDNA) viruses within the human gut. Recently, the analysis revealed a highly-abundant and prevalent dsDNA viral clade in the human gut, such as Crassvirales (realm: Duplodnaviria, kingdom: Heunggongvirae, phylum: Uroviricota, class: Caudoviricetes). In a large-scale cohort study on the Japanese gut microbiome, we identified 66 complete dsDNA phage genomes that shared conserved genomic structures among them. These genomes exhibited an average size of approximately 30.4 kbp and a GC content of 54.5%, and were detected in approximately 24.6% of the individuals in the cohort. Comparative analysis with known phages in GenBank showed that they formed a cluster distinct from other known viral clades. Within this clade, 85.1% of protein clusters were shared among the phages, while 6.4% were shared with the other known phages.  Here, we propose the establishment of a new dsDNA virus family, which we named Umezonoviridae.



Text of proposal
	
	
Family demarcation criteria:
The proposed family was defined primarily based on a gene-sharing network approach using vConTACT2 as well as percentages of shared genes. Phylogenetic trees were constructed based on conserved proteins (large terminase, major capsid protein, and portal protein) to confirm the phylogenetic uniqueness of the proposed family compared to any known families.
 
Genus demarcation criteria:
The proposed genera were defined based on clustering using a threshold with an average nucleotide identity (ANI) of 70% over their full genome length [1].
 
Species demarcation criteria:
The proposed species were defined based on clustering using a threshold with an ANI of >95% over their full genome length [1].









Supporting evidence

In a large-scale metagenomic analysis of the human gut microbiome (n = 4,198) [2], we obtained a set of 66 complete phage genomes with terminal redundancy (>97% identity over 70 bp), which shared similar genomic structure and gene homologous to each other. The genome sizes ranged from 28.8 to 33.2k bp, GC content varying between 49.2 to 56.9%. Clustering of these genomes with a 95% ANI threshold resulted in 57 viral operational taxonomic units (vOTUs). These vOTUs formed clusters that were clearly distinct from the known phage genomes, in which two internal groups were observed. The vOTUs within the internal group had >70% ANIs to each other while <70% ANIs between the groups, suggesting that they belong to different genera [1]. Therefore, we propose these phages as one new family (Umezonoviridae), two genera (Namikivirus and Moriyavirus), and 54 species in this proposal. In the following analysis, we analyzed these 57 vOTUs as well as known phage genomes in GenBank. A representative genomic structure of a proposed species, Moriyavirus ogoto, is shown in Figure 1.
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Figure 1: Genome map of the representative phage in Umezonoviridae. From inner to outer, the circles represent GC skew (green for positive and orange for negative), GC content, hit to CRISPR spacer, the strand of encoded genes (blue and yellow for positive and negative strand, respectively), and functional category of the genes annotated by the eggNOG mapper [3].
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Figure 2: The gene-sharing network was constructed using vConTACT2 including all known phages in GenBank (n = 55,804) and our phages. The obtained network was visualized by Cytoscape with the default option. Blue and yellow colors represent known and our phages, respectively. For visualization, edges with weights less than 30 were removed from the network.

To determine whether the phages belong to any existing viral group, we conducted a gene-sharing network analysis using vConTACT2 [4] together with all viral sequences in GenBank (n = 55,804). The obtained network clearly revealed a distinct cluster of the vOTUs (Umezonoviridae), which was composed of 54 vOTUs and one uncultured phage YS1-2_2434 (GCA_016918235.1) that we identified and deposited in a previous study [5] (Figure 2). The other three phages (vOTUs 1, 2, and 3) formed two clusters with another uncultured phage apr34_1792 (GCA_016918295.1) which we also identified in the same study previously [5] (figure 2). 
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Figure 3: Percentages of shared proteins between phages. Red and blue colors in the heatmap show higher and lower percentages of shared protein clusters between the two phages. In addition to Umezonoviridae, 59 known phages in GenBank, which encoded large terminase homologues of Umezonoviridae (DIAMOND [6] with a >30% identify threshold), were included in this analysis. The protein clusters were defined as follows: first, we performed all-vs-all protein similarity searches of Umezonoviridae phages and the known phages using DIAMOND. Then, protein clusters were defined based on the protein similarities using the Markov clustering algorithm using MCL [7] with the inflation factor of 2. The percentages of the shared protein clusters between two phages were calculated and they were visualized using the pheatmap function in R. The dendrogram on the heatmap was generated with the default parameters in the function.

To further examine the relationships between Umezonoviridae phages and known phages, we employed percentage of shared protein clusters, a method to assess viral clades relationships (Figure 3) [8]. We defined protein clusters based on the Markov clustering algorithm with MCL (inflation factor of 2) [7] and calculated the pairwise percentage of shared clusters between two phages. The dendrogram based on these percentages revealed one large cluster (Umezonoviridae) as well as two small clusters (vOTU 1, 2, 3 and GCA_016918295.1), consistent with the gene-sharing network analysis (Figure 3). In addition, we found that the Umezonoviridae cluster was further divided into two clusters (Namikivirus and Moriyavirus). The vOTUs shared 95.0% and 89.0% of genes to each other within the Namikivirus and Moriyavirus clusters respectively, while 62.9% of genes between them on average. 
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Figure 4: Phylogenetic trees based on homologs of portal proteins (a), major capsid proteins (b), and large terminase (c). The homologs of these proteins were searched in GenBank with DIAMOND (e-value < 1E-5) and the closest genes identified were used as an outgroup in the tree. The proteins were aligned with MAFFT [7], trimmed with trimAl [8], and the phylogenetic trees were constructed with IQ-TREE (default parameters for all tools). The generated trees were visualized by iTOL [9]. Bootstrap values with > 90% are shown in the figure. 

We next constructed phylogenetic trees based on conserved proteins such as portal protein, major capsid protein (MCP) and large terminase. The genes were aligned using MAFFT [9], trimmed using trimAl [10] and the tree was constructed using IQ-TREE [12] (default parameters for all tools), in which we added the closest gene identified in Genbank as an outgroup. Consistent with the results based on the gene-sharing network (figure 2) and protein clusters (figure 3), the Umezonoviridae family and its internal clades (Namikivirus and Moriyavirus) were supported as monophyletic with high bootstrap values in the tree based on portal protein and MCP (Figure 4a and b). In contrast, the tree based on large terminases showed that Umezonoviridae clade included other phages which were not clustered together in the gene-sharing network and protein cluster analysis (vOTU1, 2, 3 and GCA_016918295) (figure 2 and 3). Further studies are needed to determine if these phages are included in Umezonoviridae.

Table 1 | Functional annotation of the nine core genes in Umezonoviridae. Sixteen genes that shared among all the 54 vOTUs in the family were annotated using HHsearch against the Pfam database. The gene annotation of the representative species (Moriyavirus ogogo, figure 1) is shown in the table.
	Gene ID
	Gene
length
	Pfam ID
	Pfam description
	Probability
	e-value
	score

	0090
	433
	PF03354.15
	Phage Terminase
	100
	7.00E-38
	282.5

	0030
	297
	PF05709.11
	Phage tail protein
	99.9
	5.30E-32
	213.1

	0085
	668
	PF04860.12
	Phage portal protein
	99.9
	8.90E-30
	242.5

	0165
	197
	PF04404.12
	ERF superfamily
	99.9
	2.10E-30
	189

	0080
	606
	PF06673.11
	Lactococcus lactis bacteriophage major capsid protein
	99.8
	9.70E-26
	199.2

	0125
	151
	PF00436.25
	Single-strand binding protein family
	99.8
	4.40E-25
	140.7

	0175
	302
	PF01771.17
	Viral alkaline exonuclease
	99.8
	4.50E-25
	198.8

	0060
	107
	PF11114.8
	Minor capsid protein
	99.3
	8.00E-17
	88.8

	0070
	220
	PF11436.8
	Protein of unknown function (DUF3199)
	98.2
	1.70E-10
	81.2

	0010
	121
	PF10828.8
	Protein of unknown function (DUF2570)
	91.1
	0.0039
	34.6

	0035
	681
	-
	Hypothetical protein
	-
	-
	-

	0065
	123
	-
	Hypothetical protein
	-
	-
	-

	0200
	97
	-
	Hypothetical protein
	-
	-
	-

	0045
	117
	-
	Hypothetical protein
	-
	-
	-

	0050
	275
	-
	Hypothetical protein
	-
	-
	-

	0055
	142
	-
	Hypothetical protein
	-
	-
	-



To identify the core gene set within the Umezonoviridae family, we examined the protein clusters constructed above and identified a set of 16 genes that were conserved across all the 54 vOTUs in the family. These conserved genes were functionally annotated using the Pfam database [13] with the HHsearch tool [14], a method with high sensitivity that is frequently employed for phage gene annotations. Among the 16 core genes, 10 were functionally annotated with a high degree of confidence (probability > 90%), including key genes for tailed phages, such as the terminase (PF03354), portal protein (PF04860) and tail protein (PF05709). Additionally, ERF superfamily (PF04404.12), single-strand binding protein family (PF00436.25), viral alkaline exonuclease (PF01771.17) were included. These core genes accounted for 57.4% of the total genomic region in this family on average. 

Consequently, we propose a new family, Umezonoviridae, including two new genera (Namikivirus and Moriyavirus) and 54 species. The name "Umezono" derives from the name of the area where one of the research institutes of the co-author in the study is located. The names used for the genera (Namiki and Moriya) derive from the city around the area. Species names come from names of districts around the area. 
 
Based on computational analysis using CRISPR spacer matching [15], their hosts were predicted to be Bifidobacterium, which is one of the major clades in the human gut. Also, they were predicted to be a lytic phage based on the encoded genes (BACPHLIP [16]).
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Namikivirus oquki
Namikivirus takata
Namikivirus numata
Namikivirus hakke
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vOTU 1

Moriyavirus misono GCA 016918235

Moriyavirus midori
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Namikivirus ikeda
Namikivirus ozawa
Namikivirus akeshi
Namikivirus konda
Namikivirus osuna
Namikivirus mase
Namikivirus hasaki
Namikivirus numata
Namikivirus wadai
Namikivirus kaname
Namikivirus mimori
Namikivirus takura,
Namikivirus nishioi
Namikivirus takata
Namikivirus hakke
Namikivirus suwa
Namikivirus izumi
Namikivirus oguki
Namikivirus oda
Namikivirus horage
Namikivirus tushida
Namikivirus bouchi
Namikivirus nobata
Namikivirus rokuto
Namikivirus koya
Namikivirus nakane
Namikivirus teragu
Namikivirus sugama
Namikivirus tanaka
Namikivirus koyama
Namikivirus isobe
Namikivirus sakae
Namikivirus usui
Namikivirus furuku
Namikivirus yamaki
Namikivirus ohij
Namikivirus shimana
Namikivirus maeno.
Namikivirus hosomi
Namikivirus tsukuho
Namikivirus sakura
Namikivirus ajiki
Namikivirus myojin
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Moriyavirus gosyo
Moriyavirus yakushi
Moriyavirus oki .
Moriyavirus midori
Moriyavirus ogoto
Moriyavirus kubo

Moriyavirus misono GCA 016918235

Moriyavirus dochi
Moriyavirus yuri
Namikivirus tanaka
Namikivirus takura
Namikivirus osuna
Namikivirus oguki
Namikivirus iKeda .
Namikivirus akeshi
Namikivirus numata
Namikivirus izumi
Namikivirus ueno
Namikivirus ozawa
Namikivirus takata .
Namikivirus mimori
Namikivirus mase
Namikivirus kaname
Namikivirus hasaki
Namikivirus suwa
Namikivirus hakke
Namikivirus nishioi
Namikivirus konda
Namikivirus wadai
Namikivirus tsukuho
Namikivirus teragu
Namikivirus sakura
Namikivirus ajiki
Namikivirus iSobe
Namikivirus bouchi
Namikivirus yamaki
Namikivirus Turuku
Namikivirus rokuto
Namikivirus ohi
Namikivirus usui
Namikivirus koya
Namikivirus horage
Namikivirus tushida
Namikivirus nobata
Namikivirus sakae
Namikivirus maeno
Namikivirus shimana
Namikivirus oda |
Namikivirus hosomi
Namikivirus sugama
Namikivirus koyama
Namikivirus nakane
Namikivirus myojin
Namikivirus wakaba
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Namikivirus hakke

Namikivirus numata

Namikivirus takata

Namikivirus oguki

Namikivirus nishioi

Namikivirus suwa

Namikivirus mase

Namikivirus ueno

Namikivirus takura

Namikivirus ozawa

Namikivirus kaname

Namikivirus mimori

Namikivirus tanaka

Namikivirus izumi

Namikivirus ikeda

Namikivirus konda

Namikivirus hasaki

Namikivirus akeshi

Namikivirus rokuto

Namikivirus nobata

Namikivirus nakane

Namikivirus koya

Namikivirus tushida

Namikivirus myojin

Namikivirus horage

Namikivirus yamaki

Namikivirus isobe

Namikivirus sakae

Namikivirus furuku

Namikivirus usui

Namikivirus ohi

Namikivirus tsukuho

Namikivirus sakura

Namikivirus sugama

Namikivirus wakaba

Namikivirus koyama

Namikivirus shimana

Namikivirus hosomi

Namikivirus maeno

Namikivirus oda

Namikivirus teragu
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Namikivirus wakaba

Namikivirus myojin

Namikivirus nakane

Namikivirus koyama

Namikivirus sugama

Namikivirus hosomi

Namikivirus oda

Namikivirus shimana

Namikivirus maeno

Namikivirus sakae

Namikivirus nobata

Namikivirus tushida

Namikivirus horage

Namikivirus koya

Namikivirus usui

Namikivirus ohi

Namikivirus rokuto

Namikivirus furuku

Namikivirus yamaki

Namikivirus bouchi

Namikivirus isobe

Namikivirus ajiki

Namikivirus sakura

Namikivirus teragu

Namikivirus tsukuho

Namikivirus wadai

Namikivirus konda

Namikivirus nishioi

Namikivirus hakke

Namikivirus suwa

Namikivirus hasaki

Namikivirus kaname

Namikivirus mase

Namikivirusmimori

Namikivirus takata

Namikivirus ozawa

Namikivirus ueno

Namikivirus izumi

Namikivirus numata

Namikivirus akeshi

Namikivirus ikeda

Namikivirus oguki

Namikivirus osuna

Namikivirus takura

Namikivirus tanaka

Moriyavirus yuri

Moriyavirus dochi
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Namikivirus myojin

Namikivirus ajiki

Namikivirus sakura

Namikivirus tsukuho

Namikivirus hosomi

Namikivirus maeno

Namikivirus shimana

Namikivirus ohi

Namikivirus yamaki

Namikivirus furuku

Namikivirus usui

Namikivirus sakae

Namikivirus isobe

Namikivirus koyama

Namikivirus tanaka

Namikivirus sugama

Namikivirus teragu

Namikivirus nakane

Namikivirus koya

Namikivirus rokuto

Namikivirus nobata

Namikivirus bouchi

Namikivirus tushida

Namikivirus horage

Namikivirus oda

Namikivirus oguki

Namikivirus izumi

Namikivirus suwa

Namikivirus hakke

Namikivirus takata

Namikivirus nishioi

Namikivirus takura

Namikivirus mimori

Namikivirus kaname

Namikivirus wadai

Namikivirus numata

Namikivirus hasaki

Namikivirus mase

Namikivirus osuna

Namikivirus konda

Namikivirus akeshi

Namikivirus ozawa

Namikivirus ikeda
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Moriyavirus oki
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Moriyavirus ogoto

Moriyavirus gosyo
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