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	Abstract of Taxonomy Proposal: 

	
Taxonomic rank(s) affected: 
Genus, species, subfamily, family.

Description of current taxonomy: The Bakolyvirus and Naesvirus comprise genera unrelated to any family. As for Tsukubavirus, Beograduvirus and Xanthovirus are associated with the subfamily Kantovirinae, which is not associated with any family.

Proposed taxonomic change(s): Recently, we described a new temperate phage named Ralstonia phage CA1 that infects bacteria Ralstonia solanacearum and Ralstonia pseudosolanacearum. The taxonomy classification of this virus results in the proposal of a new family, “Anamaviridae”, harboring the subfamilies “Mascarenevirinae” a new family, and Kantovirinae, previously not associated with the established family. Also, we proposed the creation of “Cocadavirus alagoinhas” species (Cocadavirus genus) related to the “Mascarenevirinae” subfamily. At last, we proposed moving the “Cocadavirus”, Bakolyvirus, and Naesvirus to the new subfamily “Mascarenevirinae”.

Justification: Based on whole-sequence intergenomic similarity analysis, it was possible to reclassify 28 isolates into species associated with a new genus and other established genera and further, based on the sharing of protein orthogroups, a new subfamily was created, which was associated with a new family and established as a subfamily. This proposal eliminated some taxonomic gaps in families and genera from the Caudoviricetes class.



	· Text of Taxonomy proposal:  


	
Taxonomic rank(s) affected: The species from the “Cocadavirus”, Bakolyvirus, Naesvirus, Tsukubavirus, Beograduvirus and Xanthovirus subfamily will be reclassified based on whole-sequence intergenomic similarity analysis performed using VIRIDIC, applying the demarcation criteria of 95% of similarity to species and 70% similarity to genus [1, 2]. Furthermore, we suggested that the genera “Cocadavirus”, Bakolyvirus, Naesvirus, Tsukubavirus, Beograduvirus and Xanthovirus be associated with “Mascarenevirinae” and Kantovirinae subfamilies and both subfamilies be associated with a new family named “Anamaviridae”, based on orthologous gene sharing analyses[1, 2].

Description of current taxonomy: The Bakolyvirus and Naesvirus are genera unrelated to any families. On the other hand, Tsukubavirus, Beograduvirus and Xanthovirus are clades related to the subfamily “Anamavirinae”, which is not associated with any family. The demarcation criteria of 95% similarity to species and 70% similarity to genus were applied for these genera.

Proposed taxonomic change(s): The RS-Phage-CA1 is most similar (67.2 % intergenomic similarity) to phages infecting Ralstonia sampled in Reunion and Mauritius islands, which belong to the genus Bakolyvirus (class: Caudoviricetes) [3]. Until now, the genus Bakolyvirus has not been classified in any family. Given that the RS-Phage-CA1 showed < 70% with other related viruses, which are family orphans, we propose to classify these groups. First, we obtained a dataset composed of 254 viruses’ genome sequences with some similarity to RS-phage-CA1 deposited in GenBank. This dataset was obtained by performing tBLASTn (parameters: -evalue 1e-5) against RS-Phage-CA1 proteins predicted using Prokka v.1.14.5 (parameters: --kingdom Viruses --gcode 11) [18]. The tBLASTn results were filtered to keep only alignments showing query coverage >= 50% and identity >= 35%. As a result, a total of 310 viruses from the database were selected and subjected to redundancy removal using average nucleotide identity (https://bitbucket.org/berkeleylab/checkv/src/master/scripts/), resulting in 254 dereplicated viruses genomes that have some level of similarity to the RS-Phage-CA1. Next, based on principles of universal viral taxonomy [1, 4], we applied the proteomic tree and protein orthology to classify the viruses at the family level. We applied intergenomic distance to classify them at the genus and species levels. Thus, the intergenomic distance reveals six novel genera clustering and fifteen novel species (Figure 1A). The RS-Phage-CA1 was classified as a new species and genus. Next, we confirmed that RS-Phage-CA1 and its related phages did not belong to any known viral family according to the proteomic tree generated by VipTree [5] since they clustered into a monophyletic clade composed of unclassified viruses or family orphans viruses (Figure 2). To better visualize the tree structure and clade formation, we rebuilt the proteomic tree, collapsing the clades unrelated to Phage-CA1 (Figure 1B). A monophyletic clade (Clade I) was observed in the proteomic tree, harboring the RS-Phage-CA1 and phages that infect Ralstonia, Burkholderia, and Xanthomonas, which we propose to be considered a novel viral family. In addition, two well-defined subclades (subclades I and II) were observed. Subclade I comprises phages that infect Xanthomonas and belong to the Kantovirinae subfamily, which is not associated with any family. Subclade II includes the RS-Phage-CA1 and viruses from the genus Bakolyvirus and the genus Naesvirus. Then, we prosposed each subclade be considered two subfamilies into a family that is related to clade I. In the next step, we sought homologous proteins inside the family and subfamilies to be used in demarcation criteria associated with the proteomic tree. For this, we ran Proteinortho v.6.3.0 [6] (parameters: -e=1e-05 -cov=50) using all proteomes of the 254 selected viruses to identify the protein orthogroups (OGs). When not available in Genbank/RefSeq, genes were predicted using Prokka v.1.14.5. We identified five OGs exclusively found in all members of clade I, while two OGs were exclusively found in all members of each subclade in this sense, we propose that clade I be classified as a new family and subclades I and II, each one as a novel subfamily. (Figure 1B and Table 1 to 3). We propose to facilitate the inclusion of new viruses into the family and subfamilies the minimum sequence identity in pairwise alignments (query and subject coverage >= 50%) for a protein to be classified within the selected OGs. For this, we ran BLASTp between proteins within a given OG and between proteins of a given OG and proteins from viruses that do not belong to clade I enriched with proteins of all dsDNA viruses classified in ICTV. Using this approach, we obtained sequence identity thresholds for each selected OG. We confirmed these OGs were exclusively found in clade I, subclade I, or subclade II viruses, except for Howlin OG from subclade II. However, by using the identity thresholds, the true orthologs belonging to Holin OG can be identified. The sequence identity thresholds for each OG can be checked in Figures 3 to 11. The function of the proteins belonging to these OGs was predicted using BlastP and InterProScan [7, 8]. Some proteins give any significant hits and, thus, were kept as hypothetical proteins. The OGs harboring only hypothetical proteins were named using Greek letters (Table 1 to 3). To support using OGs to separate de clades, we performed an RS-Phage-CA1 phylogenetic analysis by aligning each orthogroup protein shared by a sequence of clade I using the MAFFT program [9]. After, the alignments were concatenated, and the best model was defined using the program model-testNG [10]. Following, we used Maximolike Horrid to infer the phylogenetic tree using the program RaxML with a bootstrap test with 1,000 repetitions [11]. As a result, we obtained a phylogenetic tree with a similar structure to VipTree, where, in both cases, the phages were separated into clades with the same biological characteristics as the host (Figure 1C). Together, these results suggest that this group of ortholog proteins is a good marker for the evolutionary history of viruses placed on clade I and fortifies the use of ortholog proteins as a good tool for classifying these viruses. 

Demarcation criteria: We propose a creation of the novel “Anamaviridae” family that is defined with the following demarcation criteria: all “Anamaviridae” members belong to monophyletic on the proteomic tree and have the five orthologous proteins above the identity thresholds (in parenthesis): Alpha OG (36.6%), Integrase OG (41.1%), Tail lysozyme OG (30.3%), Beta OG (41.1%) and Gamma OG (37.8%) (Tabel 1). Proceeding, we propose that the Kantovirinae subfamily be classified inside the “Anamaviridae” family following demarcation criteria: the Kantovirinae members belong to the monophyletic subclade I inside the monophyletic clade I of Anamaviridae on the proteomic tree and have the two orthologous proteins above the identity thresholds (in parenthesis): Delta OG (32.4%) and Epsilon OG (97.3%) (Tabel 2). Then, we propose a novel “Mascarenevirinae” subfamily being classified inside the “Anamaviridae” family following demarcation criteria: the “Mascarenevirinae” members belong to the monophyletic subclade II inside the monophyletic clade of “Anamaviridae” on the proteomic tree and have the two orthologous proteins above the identity thresholds (in parenthesis): Holin OG (59.5%) and Tail OG (31.7%) (Tabel 3). At last, we propose that all members of the “Anamaviridae" family be classified in genera and species using the intergenomic distances following demarcation criteria: members of the same genus clustering have intergenomic distance ≥ 70% and same species clustering have intergenomic distance ≥ 95%. The proposal to “Anamaviridae”, Kantovirinae, “Mascarenevirinae”, and the genera and species are summarized in Figure 12. 

Justification: Recently, we performed a description of a new bacteriophage infecting Ralstonia named Ralstonia phage CA1. Firstly, we identified a group of phages related to Ralstonia phage CA1. Afterward, we apply the current recommendation of ICTV to bacterial viruses taxonomy, resulting in a clear relation of Ralstonia phage CA1 with these phages, which can be used to fill some gaps in Caudoviricetes taxonomy. Thus, here we propose (1) the classification of new bacteriophage species, (2) the reclassification of some species, (3) the grouping of four orphans family genera in a new subfamily and (4) the creation of a new family grouping of two orphan family subfamilies.
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Figure 1: Genomic similarity, proteomic tree, and classification of RS phage. In A whole-sequence intergenomic similarity was generated using VIRIDIC of RS-Phage-CA1, respectively. The dotted lines indicated the species and the inclusion (⊂) into the genera. The heatmap colors in A and B indicate the demarcation criteria to separate bacteriophage species and genera based on the current ICTV classification. In C, the proteomic tree was generated using VipTree to classify phages related to RS-Phage-CA1. The box indicates clade I, subclades I, and II, corresponding to a novel family and two subfamilies. In the same way, the branch colors of the proteomic tree highlight clade I, subclade I, and II. The black triangles indicated collapsed branches of other phages. In D, the phylogenetic tree was reconstructed from concatenated protein sequences from each ortho group shared by phages from clade I with the model LG+I+G4+F, and dots indicate bootstrap values ≥ 60%.



[image: A circular object with lines and dots

Description automatically generated]
Figure 2. Proteomic tree (Viptree) with 254 selected virus genomes with some level similarity (tBLASTn) to RS-phage-CA1 PP316169 (highlighted in red). The RS-phage-CA1 is present in a monophyletic clade.
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	Table 1. Unique orthogroups (OGs) of clade I

	OGs
	Viruses

	
	Rs-Phage-CA1
	Burkholderia phage Bcep781
	Xanthomonas oryzae phage OP2 DNA
	Burkholderia phage Bcep43
	Burkholderia phage Bcep1
	Burkholderia phage BcepNY3
	Xanthomonas phage KPhi1
	Xanthomonas phage XPP1
	Xanthomonas phage XPP2
	Xanthomonas phage XPP3
	Xanthomonas phage XPP3
	Xanthomonas phage XPP6
	Xanthomonas phage XPP8
	Xanthomonas phage XPP9
	Xanthomonas phage XPV1
	Xanthomonas phage XPV2
	Xanthomonas phage XPV3
	Xanthomonas virus phiXaf18
	Ralstonia phage Adzire,
	Ralstonia phageBakolye
	Ralstonia phage Elie
	Ralstonia phage Jenny
	Ralstonia phage Sarlave
	Ralstonia phage Simangalove
	Xanthomonas phage X2
	Xanthomonas phage MYK3
	Xanthomonas phage BsXeu269p/3
	Xanthomonas phage pXoo2107
	Xanthomonas phage NEB7

	α (alpha) OG

	XDQ96090.1
	AAN38022
	BAE72781
	AAR89312
	AAQ73368
	ABR10555
	APQ41913
	AVO23657
	AVO23784
	AVO23789
	AVO23862
	AVO23988
	AVO24033
	AVO24097
	AVO24212
	AVO24264
	AVO24324
	QFR59556
	QMV32321
	QMV32632
	QMV32949
	QMV33511
	QMV33661
	QMV33706
	QRI46315
	UGL62943
	UUW40452
	UUR56270
	WHB31186

	Integrase OG


	XDQ96064
	AAN38020
	BAE72778
	AAR89310
	AAQ73366
	ABR10553
	APQ41907
	AVO23661
	AVO23716
	AVO23793
	AVO23992
	AVO24029
	AVO24101
	AVO24216
	AVO24260
	AVO24260
	AVO24320
	QFR59561
	QMV32350
	QMV32598
	QMV32978
	QMV33545
	QMV33690
	QMV33735
	QRI46319
	UGL62947
	UUW40388
	UUR56274
	WHB31188

	Tail lysozyme OG
	XDQ96114
	AAN38043
	BAE72798
	AAR89335
	AAQ73392
	ABR10579
	APQ41930
	AVO23710
	AVO23765
	AVO23843
	AVO23969
	AVO24053
	AVO24151
	AVO24193
	AVO24282
	AVO24343
	QFR59551
	QMV32356
	QMV32592
	QMV32984
	QMV33551
	QMV33696
	QMV33741
	QRI46370
	UGL62928
	UUW40437
	UUR56251
	WHB31172
	WHB31172

	β (beta) OG

	XDQ96117
	AAN38046
	BAE72801
	AAR89338
	AAQ73395
	ABR10582
	APQ41934
	AVO23707
	AVO23762
	AVO23840
	AVO23966
	AVO24056
	AVO24148
	AVO24190
	AVO24285
	AVO24346
	QFR59593
	QMV32353
	QMV32595
	QMV32981
	QMV33548
	QMV33693
	QMV33738
	QRI46367
	UGL62924
	UUW40433
	UUR56248
	WHB31169
	WHB31169

	γ (gamma) OG


	XDQ96096
	AAT37988
	BAE72808
	AAR89346
	AAQ73403
	ABR10590
	APQ41940
	AVO23700
	AVO23755
	AVO23832
	AVO23959
	AVO24064
	AVO24140
	AVO24182
	AVO24293
	AVO24353
	QFR59590
	QMV32373
	QMV32576
	QMV33001
	QMV33567
	QMV33655
	QMV33758
	QRI46358
	UGL62917
	UUW40426
	UUR56241
	WHB31221
	WHB31221






	Table 2. Unique orthogroups (OGs) of subclade II

	OGs
	Viruses

	
	Xanthomonas oryzae phage OP2 DNA
	Xanthomonas phage KPhi1
	Xanthomonas phage XPP1
	Xanthomonas phage XPP2
	Xanthomonas phage XPP3
	Xanthomonas phage XPP6
	Xanthomonas phage XPP8
	Xanthomonas phage XPP9
	Xanthomonas phage XPV1
	Xanthomonas phage XPV2
	Xanthomonas phage XPV3
	Xanthomonas virus phiXaf18
	Xanthomonas phage X2
	Xanthomonas phage MYK3
	Xanthomonas phage BsXeu269p/3
	Xanthomonas phage pXoo2107
	Xanthomonas phage NEB7

	δ (delta) OG
	BAE72822
	APQ41888
	AVO23681
	AVO23736
	AVO23813
	AVO23940
	AVO24083
	AVO24121
	AVO24236
	AVO24314
	AVO24376
	QFR59582
	QRI46338
	UGL62899
	UUW40409
	UUR56292
	WHB31207

	ε (epsilon) OG
	BAE72796
	APQ41928
	AVO23712
	AVO23767
	AVO23845
	AVO23971
	AVO24051
	AVO24153
	AVO24195
	AVO24280
	AVO24341
	QFR59596
	QRI46372
	UGL62930
	UUW40439
	UUR56253
	WHB31174




	
	Table 3. Unique orthogroups (OGs) of subclade II

	OGs
	Viruses

	
	Rs-Phage-CA1
	Burkholderia phage Bcep781
	Burkholderia phage Bcep781
	Burkholderia phage Bcep43
	Burkholderia phage Bcep43
	Burkholderia phage Bcep1
	Burkholderia phage Bcep1
	Burkholderia phage BcepNY3
	Ralstonia phage Adzire
	Ralstonia phage Bakoly
	Ralstonia phage Elie
	Ralstonia phage Jenny
	Ralstonia phage Sarlave
	Ralstonia phage Simangalove

	Holin OG

	XDQ96106
	AAN38030
	AAN38031
	AAR89321
	AAR89322
	AAQ73377
	AAQ73378
	ABR10563
	QMV32364
	QMV32584
	QMV32992
	QMV33559
	QMV33646
	QMV33749

	Tail OG

	XDQ96102
	AAN38063
	AAR89355
	AAQ73415
	ABR10603
	QMV32368
	QMV3258
	QMV32996
	QMV33562
	QMV33650
	QMV33753
	QMV33753
	QMV33753
	QMV33753
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Figure 3. The minimum sequence identity pairwise of proteins from α (alfa) OG.
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Figure 4. The minimum sequence identity pairwise of proteins from integrase OG.
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Figure 5. The minimum sequence identity pairwise of proteins from tail lysozyme OG.
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Figure 6. The minimum sequence identity pairwise of proteins from β (beta) OG.
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Figure 7. The minimum sequence identity pairwise of proteins from γ (Gamma) OG.
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Figure 8. The minimum sequence identity pairwise of proteins from δ (delta) OG.
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Figure 9. The minimum sequence identity pairwise of proteins from ε (epsilon) OG.
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Figure S10. The minimum sequence identity pairwise of proteins from holin OG.
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Figure 11. The minimum sequence identity pairwise of proteins from tail OG.
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Figure 12. the pro- posed classification and taxonomy of RS phage CA1 and other related phages is shown with the proposed names of a new family, two new subfamilies, and new genera, and species
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PP316168 Acarajexirus bahia isolate RS-Phage-AB1 “Acarajevirus bahia® “Acarajevirus*
Not apiplied Peduoviridas
NC_015265.1 Burkholderia phage KS5 Kisquinquevirus KS& Kisquinguevirus
NC_009382.1 Ralstonia phage phiRSAT Aresaunavirus RSAT
Aresaunavirus
NC_049432.1 Ralsionia phage RsoM1USA Aresaunavirus RsoM1USA
NC_025115.1 Raistonia phage RSY 1 Arsyunavirs RSY1 Arsyunavirus
Taxonomy proposal to Anamaviridae family
Viruses information Demarcation criteria
Speceis Genus Subfamily Family
The members of the Kantovirinae are part
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monophyletic clade of Anarmaviridae on the
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part of the monophylefic subclade If within o e
the monophylefic clade of Anammaviridae on d
he proteomic tree and have the two
orthologous proteins hOLIN OG and Tail OG
Classification
PP316168  Cocadavirus alagoinhas isolate RS-phage-CAT Cosadavirus alagoinhas Cocadavirus
MT740747.1 Ralstonia phage Simangalove
MT740735.1 Ralstoria phage Elie
MT740725.1 Ralstonia phage Adzire
Bakolyvirus bakoly Bakolyvirus
MT740746.1 Relstonia phage Sarlave
MT740744.1 Ralstonia phage Jenny Masoarenevirinae
MT740729.1 Ralsionia phage Bakoly
AF543311.2 Burkholderia phage Boep781
Nasvirus bcep
AY368235.2 Burkholderia phage Beept3
Naesvirus
EF602154.1 Burkholderia phage BoepNY3
Naesvirus bepNY
AY369265.2 Burkhoklerla phage Bcep1
MG44231.1 Xanthomanas phage XPP8
G944228.1 Xanthomonas phage XPP2
1G44227.1 Xanthomonas phage XPP1
Anamaviridas
MG944229.1 Xanthomanas phage XPP3
G944232.1 Xanthoronas phage XPPg
1MG44233.1 Xanthomonas phage XPP9
Tsukubavirus tsukuba Tsukubavirus
OPOG7662.1 Xanthomonas phage pXo02107
MWA435566.1 Xanthormonas phage X2
MG944234.1 Xanthomonas phage XPV1 Kantovirinae
IG944236.1 Xanthomonas phage XPV3
MG944235.1 Xanthomonas phage XPV2
AP00B986.1 Xanthomonas oryza phage OP2 DNA
KY210139.1 Xanthomonas phage KPhi1
ON9IE340.1 Xanthomonas phage BsXeu269p/3
Beograduvirus beogra Beogradtirus
OK275494.1 Xanthomonas phage MYK3
MN461279.1 Xanthomonas virus phiXaf18
0QB76962.1 Xanthomonas phage NEB7 Xanthovirus NEBT Xanthovirus
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