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Part 1c: Feedback from ICTV Executive Committee (EC) meeting 
	Executive Committee Meeting Decision code:
	X

	A – Accept
	

	Ac – Accept subject to revision by relevant subcommittee chair. No further vote required
	

	U – Accept without revision but with re-evaluation and email vote by the EC
	

	Uc – Accept subject to revision and re-evaluation and email vote by the EC
	x
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	Comments from the Executive Committee:

	Please remove the figure from VICTOR and keep GRAViTy, also add hallmark genes (morphogenesis module)





Part 1d: Revised Taxonomy Proposal Submission 
	Response of proposer: 

	We would like to thank the committee members for evaluating this work and contributing to its improvement through their requests.

In accordance with the recommendations, we have removed the analysis with VICTOR from this revised proposal.

We also performed phylogenetic analyses based on terminase large subunit (TerL) and portal proteins but not the MCP, given that some of the lambdoid MCPs are fused with the scaffolding proteins or the capsid maturation proteases. 

The phylogenetic analyses based on TerL and portal led us to revise our family proposal, as we observed that among the three initially proposed subfamilies, two were definitely closer to each other. These two are now defining the family, the third is left out. 

The core proteome of the revised family consists of 13 proteins: TerL and portal, two connector proteins and seven tail proteins. This “reduced” family appears monophyletic based on TerL and portal single phylogenies, as well as on the concatenated phylogeny on the seven tail proteins.
This delineation of the family is also in line with the clusters obtained using global proteomics tools. Finally, it resists better splitting when using slightly different sets of genomes to run the whole proteomic tools. We therefore believe this new proposal to be more robust.

Finally, in accordance with our email exchanges, we have also replaced the RefSeq accession numbers with GenBank accession numbers wherever possible.



	Revision date:
	03/11/2025







Part 3: TAXONOMIC PROPOSAL
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	Move taxon
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	Promote taxon
	

	Rename taxon
	
	Demote taxon
	

	Move and rename
	



	Etymology (origin) of proposed taxonomic names: 

	Taxon name 
	Etymology of the term

	Zimmerviridae
	Proposed for a family including phage lambda, named in honour of the American microbiologist Esther Zimmer Lederberg (1922 – 2006), who was the discoverer of lambda. This family may be subdivided in two subfamilies, which etymology comes from two French scientists that performed pioneering studies on lambda.

	Jacobvirinae
	To celebrate French microbiologist François Jacob

	Wollmanvirinae
	To celebrate French microbiologist Elie Wollman
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	Abstract of Taxonomy Proposal: 

	
Taxonomic rank(s) affected 
Family, subfamily, genus, species

Description of current taxonomy: 
Since its discovery in the early 1950’s to the mid 1980’s, the temperate bacterial virus (phage) lambda was at the heart of the research which played a crucial role in our current understanding of molecular genetics. Over the years, many phages related to lambda, and susceptible to recombine with it, were isolated and named « lambdoids » (or « lambda-like »). Until recently, lambda and most of the lambdoid phages were taxonomically assigned into the family Siphoviridae, according to a classification scheme based on prokaryotic virion morphotype. In the last years, this morphological taxonomy was abandoned in favor of a molecular taxonomy, based upon overall DNA and protein similarity, for which lambda still remains unclassified at the family level.

Proposed taxonomic change(s): 
1. Create a new family, Zimmerviridae, with two new subfamilies, six new genera and eight new species
2. Move the genera Jouyvirus, Bievrevirus, Glaedevirus, Nesevirus, Alegriavirus, Radostvirus and Lambdavirus into the newly created Jacobvirinae subfamily

Justification:
We have applied whole proteome and phylogenetic approaches to analyse a set of 98 lambdoid genomes and 2 outliers, Escherichia phage T1 (Tunavirus T1) and T7 (Teseptimavirus T7). Based on these results, 22 of the 98 genomes form a cohesive and monophyletic group; we consequently propose a new family, named “Zimmerviridae” to honour microbiologist Esther Zimmer Lederberg. We propose to divide this family into two subfamilies, forming distinct monophyletic clades. We propose to name them “Jacobvirinae” and “Wollmanvirinae” to celebrate respectively microbiologists François Jacob and Elie Wollman. Seven previously defined genera and 14 previously defined species are clustered in the “Jacobvirinae”, while intergenomic nucleotide similarities helped us to define three more genera and five species within the “Wollmanvirinae” subfamily.





	· Text of Taxonomy proposal:  


	
Taxonomic rank(s) affected 
Family, subfamily, genus, species

Description of current taxonomy: 
Discovered by Esther Zimmer Lederberg in 1951, the temperate tailed bacterial virus (phage) lambda present as a prophage in the Escherichia coli strain K-12 was made famous by being at the center of the molecular genetic universe during three decades [1]. Over the years, many phages related to lambda, and susceptible to recombine with it, were isolated and named « lambdoids » (or « lambda-like »). Due to an increase in whole-genome sequencing, the ill-defined term of lambdoid was expanded to mean a phage with the same functional gene order as lambda, and carrying patches of nucleotide sequence similarity with it or another lambdoid phage. Whole genomic comparison indeed revealed lambdoid phage genomes were highly mosaic with each other and thus appeared to regularly share and exchange a wide pool of genes [1]. In terms of taxonomy, lambdoid phages were historically assigned to the morphology-based Siphoviridae (lambdoid in the stricter sense) or Podoviridae (P22-like and 933W-like lambdoid phages with short tails), and to a lesser extent Myoviridae (phages with long contractile tails) families, which were recently abolished. Following the new megataxonomy of viruses, the Bacterial and Archaeal Viruses Subcommittee of the ICTV has largely moved to a molecular taxonomy based upon overall DNA and protein similarity [2, 3]. The process of demarcating new genomically coherent families for all prokaryotic viruses has therefore started but this question remained unresolved for lambdoid phage genomes, including lambda, given their mosaic relationships and flexibility [3]. 

     
Proposed taxonomic change(s), demarcation criteria and justification: 

In this TaxoProp three proteome-based clustering tools VIPTree [4], GRAViTy-V2 [5] and VirClust [6] were applied, as well as phylogenetic approaches on individual and concatenated signature genes as recommended in [2, 3] to define the boundaries of a family including lambda. We selected 98 representative lambdoid phages genomes, and the exemplars for the species Tunavirus T1 and Teseptimavirus T7 as outgroup genomes. The lambdoid genomes were selected based on (1) their inclusion, for 60 of them, in the lambdoid phages historical report by Grose and Casjens in 2014 [7], (2) the authors of this Taxprop who isolated and sequenced 11 of them from infant fecal viromes in 2021 [8], or (3) through the input of Igor Tolstoy (formerly NCBI) who retrieved 27 other genomes with custom algorithms. They had not yet been assigned to any ICTV-recognized taxonomic groups above the subfamily rank. The “historical” dataset corresponds to 35 defined species that are now gathered in various ICTV clades like the genus Lambdavirus (with lambda, HK629 and HK630), Lederbergvirus (with P22), Pankowvirus, Marienburgvirus and Sawaravirus genera (these three genera are Stx (pro)phages with a siphoviral morphotype), and the Sepvirinae (with Traversvirus tv933W) and Hendrixvirinae (with Byrnievirus HK97) subfamilies. The 11 lambdoid genomes from children’s feces and the 27 additional retrieved genomes respectively represent 11 and 24 other defined species, so that altogether 35 new species were added to the 35 historical ones. This investigation resulted in our proposal to create a new family “Zimmerviridae”, named in honour of the American Esther Zimmer Lederberg (1922 – 2006), who was the discoverer of lambda and one of the pioneers of bacterial genetics [1, 9]. 

We began by finding that 33 out of the 98 selected lambdoid phages represented a monophyletic group, including lambda, when they were compared using VIPTree [4] and visualized with iTol [10] (Figure 1A). This hierarchical clustering of the viral genomes based on pairwise intergenomic distances calculated by tBLASTx comparisons on whole viral proteomes excluded Lederbergvirus, Sepvirinae and Hendrixvirinae phages from the monophyletic group of 33 phages. This 33-member cluster was organized into three subgroups, including (1) phages closest to lambda, (2) phages closest to mEp460 and (3) Stx (pro)phages belonging to Pankowvirus, Marienburgvirus and Sawaravirus (PMS) genera as well as prophages VT1-Sakai and CP-1639. We tested the cohesiveness of this clustering by repeating the same analysis but slightly changing the lambdoid dataset by (1) removing VT1-Sakai and CP-1639, as they were reported as defective prophages [11, 12], and (2) adding at the same time phages Bcep176 and KS9, both belonging to the Stanholtvirus genus that was reported to include lambda-related phages infecting Burkholderia [13]. The group of 33 genomes was thus split : eight of them, corresponding to PMS subgroup, were separated and closer to the Sepvirinae phages, while the rest of the former group (23 genomes) was expanded by including three phi80-like genomes and remained monophyletic (Figure 1B). With the second tool GRAViTy-V2 [5], 37 out of the 98 initial genomes formed a monophyletic group that included lambda (Figure 2A). Pairwise intergenomic distances are here calculated thanks to both protein profile hidden Markov models (PPHMMs) and genomic organization models (GOMs) and it might be wise to give more weight to the results obtained with GRAViTy-V2 than VIPTree. Interestingly, both tools were not at odds with each other. GRAViTy-V2 also excluded Lederbergvirus, Sepvirinae and Hendrixvirinae phages from the 37-member cluster. This cluster was composed of the three already recognized subgroups (lambda, mEp460 and PMS, with its VT1-Sakai and CP-1639 branch, Figure 1A), to which a branch including phi80 (as in Figure 1B) and Ravinvirus N15 was added. We tested the cohesiveness of this clustering by launching GRAViTy-V2 on the dataset slightly modified as before (Figure 2B). As with VIPTree (Figure 1B), this was sufficient to detach the PMS subgroup and graft it to the Sepvirinae subfamily, while the rest of the group (27 phages) remained monophyletic. These results showed that the PMS branch did not meet our criteria for robustness, which is clear from the GRAViTy-V2 heatmaps. In the presence of VT1-Sakai and CP-1639, the PMS subgroup was closer to the 27-member lambda group but only slightly more distant from the Sepvirinae subfamily (Figure 3). This was reversed when the two defective prophages were replaced by the two Burkholderia lambda-related phages (Figure 4). We suspect the rampant recombination between all these lambdoids to confound the signal for the PMS phages.


We next turned to a core proteome analysis with VirClust [6], using the 37 lambdoid genomes clustered by GRAViTy-V2 (Figure 2A and Figure 3). VirClust calculates intergenomic distances based on the presence/absence of protein “super clusters” (PSCs), as defined by remote homology search, and derives both clustering and core proteomes. The 37 lambdoid phage genomes were assigned to one unique viral genome cluster (VGC) using the default intergenomic distance threshold recommended by VirClust to define a family rank within the class Caudoviricetes [6] (Figure 5A). Nevertheless, the “internal” clustering within this VGC showed again the PMS subgroup was more distant from the rest of the lambdoid genomes (Figure 5B). This is explained by the fact that the PMS subgroup shared only 6 of the 13 PSCs that constituted the core proteome of the 29 lambdoids genomes more similar to lambda (Figure 5C and Table 1). We noted that VirClust retained VT1-Sakai and CP-1639 inside this 29-genome group.

Although fluctuating, all of the above results tend to show that 29 lambdoid phages are grouped in a monophyletic and relatively cohesive manner (Figure 1 to Figure 5). We hypothesized that they could be used to define a lambda family. The core proteome of this putative family was composed of 13 structural proteins (Table 1), divided into three functional categories. Within the head and packaging module, only the terminase large subunit (TerL) and the portal proteins were included. The capsid maturation protease and the major capsid protein (MCP) were excluded, despite being part of the four viral hallmarks for tailed phages [14]. This is due to protease-capsid, scaffold-capsid or even protease-scaffold-capsid fusions found in lambdoid phages, as previously reported [15]. Two proteins of the connector, Lambda_Z and _U, were also shared by the group. The 9 remaining core proteins corresponded to tail proteins: from lambda_V to lambda_J (on lambda). To challenge our core-proteome definition, using the PHROG viral protein superclusters database [16], we searched for phages lying outside the lambdoid family but having a homolog in each of the 13 core protein PHROG families, using a probability threshold of at least 95%. Only phages belonging to the Aguilavirus genus (present in the initial dataset) shared these 13 signature proteins with our 29 lambdoid phages. Other phages shared from 10 to 7 proteins, which essentially corresponded to tail proteins. This includes phages from the initial dataset as well as phages from other genera or species (Table 2). 

[bookmark: _Hlk170492264]Phylogeny analysis was then performed from two perspectives. On the one hand, we sought to evaluate the evolutionary relationships within our initial 98 lambdoid dataset composed of sipho, podo and myophages, constructing individual phylogenies based on TerL and portal proteins (Table 1). On the other hand, we also performed a concatenated phylogeny based on seven tail proteins (7TP) shared in our group of 29 phages and other siphophages detected both inside and outside the initial lambdoid set (Table 1 and Table 2).  For the individual TerL and portal phylogenies, we selected a subset of lambdoids, taking one or two representatives of each genus in our putative clade (25 phages), to which we added nine Hendrixvirinae (one representative of each genus), eight phages from PMS subgroup and six Sepvirinae (two representatives of each genus), two Lederbergvirus, Aguilavirus and Sendosyvirus as well as other lambdoid phages from our initial dataset, making together a total of 67 genomes, using Tunavirus T1 and Teseptimavirus T7 as outgroups. Phylogeny analyses were performed as for the establishment of the Herelleviridae family [17]. Each orthologous protein of the 69 genomes were aligned using Clustal Omega with default parameters [18]. The resulting alignments were analyzed with IQ-TREE [19] that uses the ModelFinder tool to construct maximum-likelihood trees with ultrafast bootstrap, which were visualized with iTol [10]. This revealed that the 25 phage TerL and portal (and by extension all the group of 29 phages) from the putative family, together with the two Aguilavirus genomes, were monophyletic (Figure 6 and Figure 7). For the 7TP concatenated phylogeny, the selected set differed, as all podoviruses were notably removed: we selected the same subset for our lambda clade, the Hendrixvirinae, the PMS subgroup, the Aguilavirus, and Drexlerviridae (Tunavirus T1) as well as two Stanholtvirus and Dhillonvirus, one Eiauvirus and other phage species (detailed in Table 2), making together a total of 59 genomes and one outlier. The seven orthologous proteins were concatenated for each of the 60 genomes, aligned and analysed as previously described. This revealed that 18 out of the 25 phages (by extension 22 of the 29-member group) from the putative family were indeed monophyletic (Figure 8). At this stage, Enterobacteria phages phi80, HK225, mEp237 and Ravinvirus N15 were removed from the clade, due to the lack of monophyletic signal on the seven core tail proteins. This is also the case for prophages VT1-Sakai, CP-1639 and 1720a-02 (all three of them clustered with the PMS subgroup), as well as phages belonging to the genus Aguilavirus. 

In summary, we have applied a combination of approaches to delimit the family Zimmerviridae, as recommended for family taxonomic level dermarcation [2, 3]. Despite the mosaicism and recombination in the group of “lambdoid” viruses, the delineation criteria for inclusion in the family Zimmerviridae mainly overlapped for the two proteome-based tools VipTree and GRAViTy-v2, and the overlapping fraction corresponded to what will finally delimit the proposed family. To reach this conclusion, we explored the core-proteome with VirClust, which offered two possible levels of demarcation, one with six proteins (all from the tail module), the other with 13 proteins (all from structural modules). We opted for the more robust, 13 proteins demarcation, but here again, we could find a challenger genus Aguilavirus, which also shared these 13 proteins. The final phylogenetic analysis of the head and encapsidation proteins (TerL and portal) of the core proteome on the one side, and of seven concatenated tail proteins (7TP) on the other, allowed to recognize the Aguilavirus genus as outsider based on the 7TP phylogeny, and to delimit the Zimmerviridae family as proposed below. 

Based on all these results, we propose that a group of 22 lambda-like genomes, corresponding to 22 species and 13 genera, contributes to the creation of a new family, named “Zimmerviridae” (Table 3). Several of these genera are cohesive, sharing with each other ~ 40-50% intergenomic nucleotide identity (Figure 9 to Figure 11, calculated by VIRIDIC [20]), and clearly form two distinct clades in most whole proteome dendrograms (Figure 1 to Figure 5) and in the marker tree phylogeny (Figure 6 to Figure 8). We consequently propose these clades correspond to two subfamilies (Table 3) that could be named after scientists whose pioneering work on lambda also helped the advance of bacterial genetics and molecular biology [1]. The first subfamily with all the genomes closest to lambda could be called “Jacobvirinae”, to pay tribute to the French biologist and physician François Jacob (1920 – 2013). The second subfamily with phages closest to mEp460, “Wollmanvirinae”, in honour to the French microbiologist Elie Wollman (1917 – 2008). While seven genera and 14 defined species were previously defined (2023 Release, MSL #39) within “Jacobvirinae” (Figure 9, Table 3), three new genera and five new species could be proposed within “Wollmanvirinae” (Figure 10, Table 3), using the recommended 70 and 95% nucleotide identity over the full genome length as cut-off for genera and species, respectively [2, 3].  The first genus within “Wollmanvirinae” would include Enterobacteria phage mEp460 and Escherichia virus mEp460_4F5; we propose to name it “Limmatquaivirus”, after a touristic street of Zurich that is the city where mEp460 genome was sequenced. The second genus would be composed of Escherichia phage Ayreon and phage cdtI. Given that Enterobacteria phage cdtI was first studied by researchers from Osaka, we propose the name “Dotonborivirus” for this genus, after the name of a district of the Japanese city. Escherichia phage mEp460_ev081 would be the only representative of the genus “Vilvertvirus”, named after the Vilvert domain that houses the laboratory where this virus was isolated. Given Salmonella phages Gifsy-1, Gifsy-2 and Fels-1 were reported to be active phages [21], we consider they may represent three additional new genera and reference species, unclassified at the subfamily level, in the current state of our research, within the family “Zimmerviridae” (Figure 11, Table 3). As their name implies, Gifsy-1 and Gifsy-2 phages were discovered in Gif-sur-Yvette CNRS campus (Paris area). The two sequences could represent the “Yvettevirus” and “Essonnevirus” genera, named after the river that flows through Gif-sur-Yvette and after the French Department where the city is located, respectively. Fels-1 was first studied in Philadelphia, the phage could consequently be the representative species of the “Schuylkillvirus” genus, named after a river bordering the US city. 
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[bookmark: _Hlk212732632][bookmark: _Hlk211436678][bookmark: _Hlk212879773]Figure 1: VIPTree [4] comparisons visualized with iTol [10]. The scale bar represents the calculated distance metric. A. The comparison of the complete set of 98 initial lambdoid genomes and 2 putative outliers (Tunavirus T1 and Teseptimavirus T7) reveals  that 33 of the 98 lambdoid genomes form a cohesive and monophyletic group (colored in blue) B. The removal of VT1-Sakai and CP-1639 defective prophages [11, 12] from the genome set, combined with the addition of Bcep176 and KS9 lambda-related phages [13], profoundly perturbs the dendrogram: the cohesive group shrinks to 26 genomes (colored in blue), and the lower PMS branch of the former tree (in A) has now joined the Sepvirinae.
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[bookmark: _Hlk212887787]Figure 2: GRAViTy-V2 [5] comparisons visualized with iTol [10]. The scale bar represents the calculated distance metric. A. The comparison of the complete set of 98 initial lambdoid genomes and 2 putative outliers (Tunavirus T1 and Teseptimavirus T7) reveals that 37 of the 98 lambdoid genomes form a cohesive and monophyletic group (colored in blue) B. The removal of VT1-Sakai and CP-1639 defective prophages [11, 12] from the genome set, combined with the addition of Bcep176 and KS9 lambda-related phages [13] profoundly perturbs the dendrogram: the cohesive group shrinks to 27 genomes (colored in blue), and the PMS branch of the former tree (in A) has now joined the Sepvirinae.
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[bookmark: _Hlk212736129][bookmark: _Hlk200697380]Figure 3: GRAViTy-V2 [5] heatmap (and dendrogram) of the 98 initial selected lambdoid genomes, using Tunavirus T1 and Teseptimavirus T7 as outliers. Squared in blue, the 37 genomes (including lambda) forming a cohesive group that contains the PMS subgroup in purple. Squared in red and green the Hendrixvirinae and Sepvirinae subfamilies, respectively. See the attached pdf, for higher definition. 
[image: ]

Figure 4: GRAViTy-V2 [5] heatmap (and dendrogram) of the slightly modified lambdoid set after the removal of VT1-Sakai and CP-1639 defective prophages [11, 12] and the addition of Bcep176 and KS9 lambda-related phages [13], using Tunavirus T1 and Teseptimavirus T7 as outliers. Squared in purple, the PMS subgroup is no more included with the “lambda group” in blue (27 genomes), but clustered to the Sepvirinae subfamily in green. See the attached pdf, for higher definition. 
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Figure 5: VirClust [6] analysis of the 29-phage species likely to form a taxonomic lambda family, together with the eight species of the PMS genera. A. They form a single viral genome cluster (VGC), when using the default parameters recommended in the definition of a family rank within Caudoviricetes. B. Hierarchical tree calculated using PSC-based intergenomic distances. C. Heatmap representation of the PSC distribution in the viral genomes. The core proteome of the putative lambda family is squared in red and blue. 

















[bookmark: _Hlk212379949]Table 1: The 13 core proteins for the putative lambda family, based on VirClust PSCs [6]. aCore proteins shared with the PMS subgroup. bCore proteins used individually in phylogenetic trees. cCore proteins used in a concatenated phylogenetic tree.

	Protein annotation in phage Lambda (Uniprot)
	PSC number

	Terminase large subunit A (P03708)b
	PSC_10

	Portal protein B (P03710)b
	PSC_9

	Tail completion protein Z (P03731)
	PSC_40

	Tail tube terminator protein U (P03732)
	PSC_39

	Tail tube protein V (P03733)c
	PSC_38

	Tail assembly protein G (P03734)
	PSC_8

	Tail assembly protein T or GT (P03735)
	PSC_37

	Tape measure protein H (P03736)a, c
	PSC_7

	Tail tip protein M (P03737)a, c
	PSC_36

	Tail tip protein L (P03738)a, c
	PSC_35

	Tail tip assembly protein K (P03729)a, c
	PSC_34

	Tail tip assembly protein I (P03730)a, c
	PSC_33

	Tip attachment protein J (P03749)a, c
	PSC_32




























[bookmark: _Hlk212550878]Table 2: Phages sharing most orthologs with the core proteome of the putative lambda family. The original file is provided in accompanying file. aExemplar phage of the Aguilavirus genus. bExemplar phage of the Stanholtvirus virus genus. cExemplar phage of the Pankowvirus-Marienburgvirus-Sawaravirus (PMS) subgroup. dExemplar phage of the Byrnievirus genus and Hendrixvirinae subfamily. eExemplar phage of the genus Tunavirus and Drexlerviridae family. fExemplar phage of the genus Eiauvirus. gExemplar phage of the genus Dhillonvirus.
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[bookmark: _Hlk212393339][bookmark: _Hlk212393493]Figure 6: Maximum-likelihood tree based on the alignment of 69 terminase large subunit (TerL), generated using IQ-tree [19] and visualized with iTol [10]. The scale bar represents the number of substitutions per site, branch support values were calculated from 1000 ultrafast bootstrap (UFBOOT) replicates. The tree was rooted at Teseptimavirus T7 TerL. The 25 lambdoid phage TerL (selected subset from the 29 phages belonging to the putative lambda family) form a monophyletic group with two Aguilavirus phage TerL (in blue).
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[bookmark: _Hlk212441449][bookmark: _Hlk212993451]Figure 7: Maximum-likelihood tree based on the alignment of the portal protein (Port), generated using IQ-tree [19] and visualized with iTol [10]. The scale bar represents the number of substitutions per site, branch support values were calculated from 1000 ultrafast bootstrap (UFBOOT) replicates. The tree was rooted at Teseptimavirus T7 Port. The 25 lambdoid phage portal (selected subset from the 29 phages belonging to the putative lambda family) form a monophyletic group with the two Aguilavirus phage Port (in blue).
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Figure 8: Maximum-likelihood tree based on the alignment of the concatenation of seven tail proteins (7TP), generated using IQ-tree [19] and visualized with iTol [10]. The scale bar represents the number of substitutions per site, branch support values were calculated from 1000 ultrafast bootstrap (UFBOOT) replicates. The tree was rooted at Pseudomonas phage PMBT14. Only 18 out of the 25 lamdoid phage 7TP (selected subset from the 29 phages belonging to the putative lambda family) form a monophyletic group (in blue), from which Phi80, mEp237, N15, VT1-Sakai and CP-1639, as well as the two Aguilavirus phage 7TP are excluded.
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Figure 9: VIRIDIC [20] heatmap of proposed “Jacobvirinae” phages. This subfamily includes the seven already defined genera (2023 Release, MSL #39) that are labeled in gold.  
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Figure 10: VIRIDIC [20] heatmap of proposed “Wollmanvirinae” phages. The three new genera established in this proposal are labeled in gold.  
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Figure 11: VIRIDIC [20] heatmap of proposed additional genera within the “Zimmerviridae”. The three new genera established in this proposal are labeled in gold.  




















Table 3: 22 lambdoid defined species belonging to the newly proposed Zimmerviridae family.
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