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Part 3: TAXONOMIC PROPOSAL
Name of accompanying Excel module
	2021.007B.R.Bclasvirinae


Abstract

	We have reexamined the Bclasvirinae which now has >300 isolates, and define seven new genera, most with only a single isolate.







Text of proposal
	
	
Species demarcation criteria: Two phages are assigned to the same species if their genomes are more than 95% identical over their genome length for isolates. 
These values can be calculated by a number of tools, such as BLASTn – usually calculated using intergenomic distance calculator VIRIDIC [3].

Genus demarcation criteria: In search for criteria that create cohesive and distinct genera that are reproducible and monophyletic, the Bacterial Viruses Subcommittee has established 70% nucleotide identity of the genome length as the cut-off for genera. Genus-level groupings should always be monophyletic in the signature genes, as tested with a phylogenetic tree.

Subfamily demarcation criteria: Members of the subfamily share a low degree of sequence similarity (e.g. VIRIDIC) and the genera form a clade in a marker tree phylogeny.








Supporting molecular evidence
[bookmark: _heading=h.gjdgxs]
[bookmark: _heading=h.30j0zll]History:  The subfamily Bclasvirinae was established through Taxonomy Proposal 2016.005a-yB.  Since that time more than a hundred new isolates have been isolated and sequenced.  They all fall within the Actinobacteriophage Database Cluster B, which now has 13 subclusters.

ViPTree analysis of select Bclasvirinae phages: ViPTree analysis  (https://www.genome.jp/viptree/; [1]) is based upon Rohwer and Edwards (2002) famous Phage Proteomic Tree [2].  Newly analyzed members are indicated with red stars.
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VIRIDIC heat map of select Bclasvirinae: VIRIDIC (Virus Intergenomic Distance Calculator; [3]; http://rhea.icbm.uni-oldenburg.de/VIRIDIC/) computes pairwise intergenomic distances/similarities amongst phage genomes. The black box delineates species with multiple strains.  For the complete VIRIDIC analysis see attached appendices.
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Phylogeny of select Bclasvirinae TerL proteins: The phylogenetic tree was constructed using the terminase large subunit of a select group of Bclasvirinae phages with phylogeny.fr in “one click” mode [5]. "The "One Click mode" targets users that do not wish to deal with program and parameter selection. By default, the pipeline is already set up to run and connect programs recognized for their accuracy and speed (MUSCLE for multiple alignment and PhyML for phylogeny) to reconstruct a robust phylogenetic tree from a set of sequences." It also includes the use of Gblocks to eliminate poorly aligned positions and divergent regions. "The usual bootstrapping procedure is replaced by a new confidence index that is much faster to compute. See: Anisimova M., Gascuel O. Approximate likelihood ratio test for branches: A fast, accurate and powerful alternative [6] for details."

[image: result tree]



1. Proposal A: To create a new genus Thonkovirus

Source of the name of this taxon:  This genus is named after the first virus of its type, Mycobacterium phage Thonko.

History:  Lytic Mycobacterium phage Thonko was isolated from Empangeni, South Africa soil by Nomusa Christina Mzimela (University of Kwazulu-Natal) as part of the Mycobacterial Genetics Course, Durban, South Africa program in 2017. The host bacterium was Mycobacterium smegmatis mc²155. Its genome is Circularly Permuted.  The Actinobacteriophage Database places this phage in Cluster/Subcluster B/B8.(https://phagesdb.org/phages/Thonko/). 

Specific Reference: None


GenBank Summary:

	Phage name
	RefSeq No.
	INSDC 
	Size (Kb)
	GC% 
	Protein 
	Overall DNA sequence identity (*)
	% common proteins (**)

	Thonko
	
	MH632120.1
	69.47
	68.6
	108
	100
	100


(*) Determined using VIRIDIC [3]
(**) Determined using CoreGenes 3.5 at http://binf.gmu.edu:8080/CoreGenes3.5/ [4]

Electron micrograph:  Electron micrographs of negatively stained Mycobacterium phage Thonko (https://phagesdb.org/phages/Thonko/).  Limited permission was granted by The Actinobacteriophages Database (https://phagesdb.org/), funded by the Howard Hughes Medical Institute, to use this electron micrograph for this taxonomy proposal; it cannot be reused without permission of The Actinobacteriophages Database.  
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2. Proposal B: To create a new genus Birdsnestvirus

Source of the name of this taxon:  This genus is named after the first virus of its type, Mycobacterium phage BirdsNest

History:  Lytic Mycobacterium phage BirdsNest was isolated from Kruger National Park in South Africa soil by Christian Gauthier (University of Pittsburgh) as part of the Phage Hunters Integrating Research and Education program in 2018. The host bacterium was Mycobacterium smegmatis mc²155. Its genome is circularly permutted.  The Actinobacteriophage Database places this phage in Cluster/Subcluster B/B13 (https://phagesdb.org/phages/Birdsnest/). 

Specific Reference: None
  
GenBank Summary:

	Phage name
	RefSeq No.
	INSDC 
	Size (Kb)
	GC% 
	Protein 
	Overall DNA sequence identity (*)
	% common proteins (**)

	BirdsNest
	
	MN813686.1
	70.67
	70.1
	105
	100
	100


(*) Determined using VIRIDIC [3]
(**) Determined using CoreGenes 3.5 at http://binf.gmu.edu:8080/CoreGenes3.5/ [4]

Electron micrograph:  Electron micrographs of negatively stained Mycobacterium phage BirdsNest (https://phagesdb.org/phages/BirdsNest/).  Limited permission was granted by The Actinobacteriophages Database (https://phagesdb.org/), funded by the Howard Hughes Medical Institute, to use this electron micrograph for this taxonomy proposal; it cannot be reused without permission of The Actinobacteriophages Database.  

[image: ]

3. Proposal C: To create a new genus Lilmcdreamyvirus

Source of the name of this taxon:  This genus is named after the first virus of its type, Mycobacterium phage LilMcDreamy

History:  Lytic Mycobacterium phage LilMcDreamy was isolated from Spokane, WA USA drainpipe by Madeline Marlatt and Annaliese Lippold (Gonzaga University) as part of the Science Education Alliance-Phage Hunters Advancing Genomics and Evolutionary Science program in 2016. The host bacterium was Mycobacterium smegmatis mc²155. Its genome is Circularly Permuted.  The Actinobacteriophage Database places this phage in Cluster/Subcluster B/B12 (https://phagesdb.org/phages/LilMcDreamy/). 


Specific Reference: None

  
GenBank Summary:

	Phage name
	RefSeq No.
	INSDC 
	Size (Kb)
	GC% 
	Protein 
	Overall DNA sequence identity (*)
	% common proteins (**)

	LilMcDreamy
	
	MN284893.1
	71.55
	69.3
	99
	100
	100


(*) Determined using VIRIDIC [3]
(**) Determined using CoreGenes 3.5 at http://binf.gmu.edu:8080/CoreGenes3.5/ [4]

Electron micrograph:  Electron micrographs of negatively stained Mycobacterium phage LilMcDreamy (https://phagesdb.org/phages/LilMcDreamy/).  Limited permission was granted by The Actinobacteriophages Database (https://phagesdb.org/), funded by the Howard Hughes Medical Institute, to use this electron micrograph for this taxonomy proposal; it cannot be reused without permission of The Actinobacteriophages Database.  
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4. Proposal D: To create a new genus Saguarovirus

[bookmark: _heading=h.1fob9te]Source of the name of this taxon:  This genus is named after the first virus of its type, Mycobacterium phage Saguaro

History:  Lytic Mycobacterium phage Saguaro was isolated from Tucson, AZ USA soil by Jacqueline Washington (Nyack College) as part of the Science Education Alliance-Phage Hunters Advancing Genomics and Evolutionary Science program in 2015. The host bacterium was Mycobacterium smegmatis mc²155. Its genome is circularly permuted.  The Actinobacteriophage Database places this phage in Cluster/Subcluster B/ B7(https://phagesdb.org/phages/Saguaro/). 

Specific Reference: None

GenBank Summary:

	Phage name
	RefSeq No.
	INSDC 
	Size (Kb)
	GC% 
	Protein 
	Overall DNA sequence identity (*)
	% common proteins (**)

	Saguaro
	
	MH744423.1
	69.45
	69.5
	93
	100
	100


(*) Determined using VIRIDIC [3]
(**) Determined using CoreGenes 3.5 at http://binf.gmu.edu:8080/CoreGenes3.5/ [4]

Electron micrograph:  Electron micrographs of negatively stained Mycobacterium phage Saguaro (https://phagesdb.org/phages/Saguaro/).  Limited permission was granted by The Actinobacteriophages Database (https://phagesdb.org/), funded by the Howard Hughes Medical Institute, to use this electron micrograph for this taxonomy proposal; it cannot be reused without permission of The Actinobacteriophages Database.  
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5. Proposal E: To create a new genus Quesadillavirus

Source of the name of this taxon:  This genus is named after the first virus of its type, Mycobacterium phage Quesadilla

History:  Lytic Mycobacterium phage Quesadilla was isolated from Mason City, IA USA soil by Hannah Jorgensen (Northwestern College) as part of the Science Education Alliance-Phage Hunters Advancing Genomics and Evolutionary Science program in 2018. The host bacterium was Mycobacterium smegmatis mc²155. Its genome is circularly permuted.  The Actinobacteriophage Database places this phage in Cluster/Subcluster B/ B9 (https://phagesdb.org/phages/Quesadilla/). 

Specific Reference: Suarez CA, Franceschelli JJ, Morbidoni HR. Mycobacteriophage CRB2 defines a new subcluster in mycobacteriophage classification. PLoS One. 2019 Feb 27;14(2):e0212365. doi: 10.1371/journal.pone.0212365. PMID: 30811481; PMCID: PMC6392294.

GenBank Summary:

	Phage name
	RefSeq No.
	INSDC 
	Size (Kb)
	GC% 
	Protein 
	Overall DNA sequence identity (*)
	% common proteins (**)

	Quesadilla
	
	MN617843.1
	70.99
	69.9
	98
	100
	100

	CRB2
	
	MK059749.1
	72.22
	69.7
	96
	75.9
	89.8


(*) Determined using VIRIDIC [3]
(**) Determined using CoreGenes 3.5 at http://binf.gmu.edu:8080/CoreGenes3.5/ [4]

Electron micrograph:  None available


6. Proposal F: To create a new genus Imvubuvirus

Source of the name of this taxon:  This genus is named after the first virus of its type, Mycobacterium phage Imvubu.

History:  Lytic Mycobacterium phage Imvubu was isolated from Mpumalanga, South Africa soil by Deborah Jacobs-Sera as part of the Phage Hunters Integrating Research and Education program in 2018. The host bacterium was Mycobacterium smegmatis mc²155. Its genome is circularly permuted.  The Actinobacteriophage Database places this phage in Cluster/Subcluster B/ B10 (https://phagesdb.org/phages/Imvubu/). 

Specific Reference: None

GenBank Summary:

	Phage name
	RefSeq No.
	INSDC 
	Size (Kb)
	GC% 
	Protein 
	Overall DNA sequence identity (*)
	% common proteins (**)

	Imvubu
	
	MN813693.1
	69.9
	70.5
	102
	100
	100


(*) Determined using VIRIDIC [3]
(**) Determined using CoreGenes 3.5 at http://binf.gmu.edu:8080/CoreGenes3.5/ [4]

Electron micrograph:  Electron micrographs of negatively stained Mycobacterium phage Imvubu (https://phagesdb.org/phages/Imvubu/).  Limited permission was granted by The Actinobacteriophages Database (https://phagesdb.org/), funded by the Howard Hughes Medical Institute, to use this electron micrograph for this taxonomy proposal; it cannot be reused without permission of The Actinobacteriophages Database.  
[image: ]

7. Proposal G: To create a new genus Julieunavirus

Source of the name of this taxon:  This genus is named after the first virus of its type, Mycobacterium phage Julie1

History:  Lytic Mycobacterium phage Julie1 was isolated from Argentinian soil by Franceschelli,J.J., Suarez,C.A., Teran,L., and Raya,R. (Universidad Nacional de Rosario) in 2014. The host bacterium was Mycobacterium smegmatis mc²155. Its genome is circularly permuted .  The Actinobacteriophage Database places this phage in Cluster/Subcluster B/B6 (https://phagesdb.org/phages/Julie1/). 

Specific Reference: None

GenBank Summary:

	Phage name
	RefSeq No.
	INSDC 
	Size (Kb)
	GC% 
	Protein 
	Overall DNA sequence identity (*)
	% common proteins (**)

	Julie1
	NC_023600.1
	KJ433976.1
	71.06
	69.9
	98
	100
	100


(*) Determined using VIRIDIC [3]
(**) Determined using CoreGenes 3.5 at http://binf.gmu.edu:8080/CoreGenes3.5/ [4]

Electron micrograph:  Electron micrographs of negatively stained Mycobacterium phage Julie1(https://phagesdb.org/phages/Julie1/).  Limited permission was granted by The Actinobacteriophages Database (https://phagesdb.org/), funded by the Howard Hughes Medical Institute, to use this electron micrograph for this taxonomy proposal; it cannot be reused without permission of The Actinobacteriophages Database.  

8. Proposal H: To create a new species in the genus Acadianvirus

[bookmark: _heading=h.3znysh7]Source of the name of this taxon:  This genus is named after the first virus of its type, Mycobacterium phage Acadian

History:  This genus was established by Taxonomy Proposal 2016.005a-yB.  Lytic Mycobacterium phage Serendipitous was isolated from High Shoals, NC USA soil by Lindsey Farris (Western Carolina University) as part of the Science Education Alliance-Phage Hunters Advancing Genomics and Evolutionary Science program in 2015. The host bacterium was Mycobacterium smegmatis mc²155. Its genome is circularly permuted.  The Actinobacteriophage Database places this phage in Cluster/Subcluster B/B5 (https://phagesdb.org/phages/Serendipitous/).

Specific Reference: None

GenBank Summary:

	Phage name
	RefSeq No.
	INSDC 
	Size (Kb)
	GC% 
	Protein 
	Overall DNA sequence identity (*)
	% common proteins (**)

	Acadian
	NC_023701.1
	JN699007.1
	69.86
	68.4
	97
	100
	100

	Serendipitous
	
	MH727561.1
	69.87
	68.0
	98
	85.9
	96.9


(*) Determined using VIRIDIC [3]
(**) Determined using CoreGenes 3.5 at http://binf.gmu.edu:8080/CoreGenes3.5/ [4]

[bookmark: _heading=h.2et92p0]Electron micrograph:  Electron micrographs of negatively stained Mycobacterium phage Serendipitous (https://phagesdb.org/phages/Serendipitous/).  Limited permission was granted by The Actinobacteriophages Database (https://phagesdb.org/), funded by the Howard Hughes Medical Institute, to use this electron micrograph for this taxonomy proposal; it cannot be reused without permission of The Actinobacteriophages Database.  


[image: ]
9. Proposal I: To create two new species in the genus Coopervirus

Source of the name of this taxon:  This genus is named after the first virus of its type, Mycobacterium phage Cooper

History:  This genus was established by Taxonomy Proposal 2016.005a-yB.  Lytic Mycobacterium phage Heath was isolated from soil by Macy Clevenger and Taylor McIntosh (LeTourneau University, Longview, TX USA) as part of the Science Education Alliance-Phage Hunters Advancing Genomics and Evolutionary Science program in 2019. The host bacterium was Mycobacterium smegmatis mc²155. Its genome is circularly permuted.  The Actinobacteriophage Database places this phage in Cluster/Subcluster B/B4 (https://phagesdb.org/phages/Heath/).

Specific Reference: None

GenBank Summary:

	Phage name
	RefSeq No.
	INSDC 
	Size (Kb)
	GC% 
	Protein 
	Overall DNA sequence identity (*)
	% common proteins (**)

	Cooper
	NC_008195.1
	DQ398044.1
	70.65
	69.1
	99
	100
	100

	Heath
	
	MT639648.1
	69.26
	68.7
	91
	81.2
	84.8

	Fortunato
	
	KX589269.1
	70.68
	69.0
	94
	82.7
	90.9


(*) Determined using VIRIDIC [3]
(**) Determined using CoreGenes 3.5 at http://binf.gmu.edu:8080/CoreGenes3.5/ [4]

Electron micrograph:  NA  


10. Proposal J: To create one new species in the genus Pipefishvirus

Source of the name of this taxon:  This genus is named after the first virus of its type, Mycobacterium phage Pipefish

History:  This genus was established by Taxonomy Proposal 2016.005a-yB.  Lytic Mycobacterium phage Obutu was isolated from soil by Quentin Ray (Morehouse College. Atlanta, GA, USA) as part of the Science Education Alliance-Phage Hunters Advancing Genomics and Evolutionary Science program in 2018. The host bacterium was Mycobacterium smegmatis mc²155. Its genome is circularly permuted.  The Actinobacteriophage Database places this phage in Cluster/Subcluster B/B3 (https://phagesdb.org/phages/Heath/).

Specific Reference: None

GenBank Summary:

	Phage name
	RefSeq No.
	INSDC 
	Size (Kb)
	GC% 
	Protein 
	Overall DNA sequence identity (*)
	% common proteins (**)

	Pipefish
	NC_008199.1
	DQ398049.1
	69.06
	67.3
	102
	100
	100

	Obutu
	
	MN096359.1
	69.02
	67.4
	104
	92.9
	93.1

	
	
	
	
	
	
	
	


(*) Determined using VIRIDIC [3]
(**) Determined using CoreGenes 3.5 at http://binf.gmu.edu:8080/CoreGenes3.5/ [4]

Electron micrograph:  None available 

11. Proposal K: To create one new species in the genus Pegunavirus

Source of the name of this taxon:  This genus is named after the first virus of its type, Mycobacterium phage PG1

History:  This genus was established by Taxonomy Proposal 2016.005a-yB.  Lytic Mycobacterium phage KingTut was isolated from soil by Lauren Filippidis and Erin Kuisti (The Ohio State University,  Columbus, OH USA) as part of the Science Education Alliance-Phage Hunters Advancing Genomics and Evolutionary Science program in 2015. The host bacterium was Mycobacterium smegmatis mc²155. Its genome is circularly permuted.  The Actinobacteriophage Database places this phage in Cluster/Subcluster B/B1 (https://phagesdb.org/phages/KingTut/).

Specific Reference: None

GenBank Summary:

	Phage name
	RefSeq No.
	INSDC 
	Size (Kb)
	GC% 
	Protein 
	Overall DNA sequence identity (*)
	% common proteins (**)

	PG1
	NC_005259.1
	AF547430.1
	69
	66.5
	100
	100
	100

	KingTut
	
	MH450122.1
	64.83
	66.5
	92
	92.7
	87.0

	
	
	
	
	
	
	
	


(*) Determined using VIRIDIC [3]
(**) Determined using CoreGenes 3.5 at http://binf.gmu.edu:8080/CoreGenes3.5/ [4]

Electron micrograph:  Electron micrographs of negatively stained Mycobacterium phage KingTut (https://phagesdb.org/phages/KingTut/).  Limited permission was granted by The Actinobacteriophages Database (https://phagesdb.org/), funded by the Howard Hughes Medical Institute, to use this electron micrograph for this taxonomy proposal; it cannot be reused without permission of The Actinobacteriophages Database.   

[image: ]
11. Proposal L: To create one new species in the genus Rosebushvirus

Source of the name of this taxon:  This genus is named after the first virus of its type, Mycobacterium phage Rosebush

History:  This genus was established by Taxonomy Proposal 2016.005a-yB.  Lytic Mycobacterium phage Laurie was isolated from soil by Tyler Williams (University of Maine, Machias) as part of the Science Education Alliance-Phage Hunters Advancing Genomics and Evolutionary Science program in 2013. The host bacterium was Mycobacterium smegmatis mc²155. Its genome is circularly permuted.  The Actinobacteriophage Database places this phage in Cluster/Subcluster B/B2 (https://phagesdb.org/phages/Laurie/).

Specific Reference: None

GenBank Summary:

	Phage name
	RefSeq No.
	INSDC 
	Size (Kb)
	GC% 
	Protein 
	Overall DNA sequence identity (*)
	% common proteins (**)

	Rosebush
	NC_004684.1
	AY129334.1
	67.48
	69.0
	90
	100
	100

	Laurie
	
	KX443696.1
	66.51
	69.0
	90
	93.0
	96.7

	
	
	
	
	
	
	
	


(*) Determined using VIRIDIC [3]
(**) Determined using CoreGenes 3.5 at http://binf.gmu.edu:8080/CoreGenes3.5/ [4]

Electron micrograph:  Electron micrographs of negatively stained Mycobacterium phage Laurie (https://phagesdb.org/phages/Laurie/).  Limited permission was granted by The Actinobacteriophages Database (https://phagesdb.org/), funded by the Howard Hughes Medical Institute, to use this electron micrograph for this taxonomy proposal; it cannot be reused without permission of The Actinobacteriophages Database.   

[image: ]
References:
1:  Nishimura Y, Yoshida T, Kuronishi M, Uehara H, Ogata H, Goto S. ViPTree: the viral proteomic tree server. Bioinformatics. 2017; 33(15):2379-2380. doi:10.1093/bioinformatics/btx157. PubMed PMID: 28379287.

2: Rohwer F, Edwards R. The Phage Proteomic Tree: a genome-based taxonomy for phage. J Bacteriol. 2002 Aug;184(16):4529-35. PubMed PMID: 12142423

3: Moraru C., Varsani A, Kropinski AM.  VIRIDIC – a novel tool to calculate the intergenomic similarities of prokaryote-infecting viruses. http://rhea.icbm.uni-oldenburg.de/VIRIDIC/; and https://www.biorxiv.org/content/10.1101/2020.07.05.188268v1 

4: Turner D, Reynolds D, Seto D, Mahadevan P. CoreGenes3.5: a webserver for the determination of core genes from sets of viral and small bacterial genomes. BMC Res Notes. 2013;6:140. doi: 10.1186/1756-0500-6-140.  PMID:   23566564.

5: Dereeper A, Guignon V, Blanc G, Audic S, Buffet S, Chevenet F, Dufayard JF, Guindon S, Lefort V, Lescot M, Claverie JM, Gascuel O. Phylogeny.fr: robust phylogenetic analysis for the non-specialist. Nucleic Acids Res. 2008;36(Web Server issue):W465-9. doi: 10.1093/nar/gkn180. Epub 2008 Apr 19.   PMID:  18424797.

6: Anisimova M, Gascuel O. Approximate likelihood-ratio test for branches: A fast, accurate, and powerful alternative. Syst Biol. 2006;55(4):539-52.  PMID: 16785212.  DOI:     10.1080/10635150600755453.

7: Lowe, T.M. and Chan, P.P. (2016) tRNAscan-SE On-line: Search and Contextual Analysis of Transfer RNA Genes. Nucl. Acids Res. 44: W54-57.

8: Zimmermann L, Stephens A, Nam SZ, et al. A Completely Reimplemented MPI Bioinformatics Toolkit with a New HHpred Server at its Core. J Mol Biol. 2018;430(15):2237-2243. doi:10.1016/j.jmb.2017.12.007

image2.png
Left line: Virus fami
Siphoviridae (853)
Podoviridae (237)
Myoviridae (142)
Others (7)

Right line: Host group
Actinobacteria (555)
Gammaproteobacteria (403)
Alphaproteabacteria (44)
Firmicutes (21)
Cyanobacteria (15)

Others (87)

03 035 04

1279 sequences

Microbacterium phage vE_MoxS-ISF9 (NC_023859) [59,254 ne]
Clavibacter phage CNLA (NC_023549) [56,789 ne]
Clavibacter phage CMP1 (NC_013698) [58,652 ne]
Salisaeta icosahedral phage 1 (NC_017983) [43,788 ne]
‘Verrucomicrobia phage P8625 (NC_029047) [32,894 nt]
Fusobacterium phage Funul (KR131710) [39,921 n]
Bacteriophage Lily (NC_028841) [44,952 ne]
Vibrio phage X29 (NC_024369) [41,569 ne]

ibrio phage phi 2 (KJ545483) [41,476 nt]





image3.png
‘Rhodococcus phage RegiPine5 (NC_023722) [59,231 nt]
Myeobacterium phage Dori (NC_033703) [64,613 ne]

]

1

1
T—
g E—

Ly
r

l

Toukamurella phage TPAZ (NC DIS210) 61,440 ne
Mycobacterium phage Qurzula (NC_008204) [67.158 nt]
Mycobacterium phage Ares (IN699004) [67.436 nt]
Mycobacterium virus Tal7a (KF02472) [67,324 ne
Mycobacterium phage Arbiter (JN615996) [67.169 ne]
Mycobacterium phage Hedgerow (JN693991) (67451 ne]
Mycobacterium phage Rosebush (NC_004634) [67.450 nt]

H Myco_phg_Bananafish [67.366 n]

Mycobacterium phage Pipefish (NC_008199) [69.059 ne]
Mycobacterium phage Bernardo (NC_022983) (65,196 nt]
Mycobacterium phage Gadjet (NC_023656) [67,949 ]

H Myco_phg_Rital961 [69,026 nt]

Mycobacterium phage Athena (TNG99003) (69,409 ne]
Mycobacterium phage Phiyer (NC_012027) (69,378 nt]
Mycobacterium phage Phaedrus (SC_011057) (68,090 ne]
Mycobacterium phage Kamiya (INGS9015) [63,633
Mycobacterium phage Chandler (KP027207) [69.451 ne]
Mycobacterium phage Audrey (KJI94581) [63,662 e
Mycobacterium phage Heathelif (KJ194584) (68,628 ne]
Mycobacterium phage Akoma (NC_023742) (68,711 ne]
Myco_phe Thonko [69.471 n]

Myco phe BirdsNest [10.663 ne]

Myco phe Tmvubu [69,897 nt]

Myco phe Saguaro [65,448 ]

Myco phe Quesadilla (70,992 ne]

Myco phy CRE2 (72217 ne]

Mycobacterium phage KayaCho (NC_022061) [70.838 ne]
Mycobacterium phage Joliel (NC_023600) [71058 nt]
Mycobacterium phage Hosp (NC_024143) [70.667 ne]
Mycobacterium phage 39HC (NC_023603) (71565 nt]

H Myco_phg_LilMcDreamy [71,552 nt]

Mycobacterium phage Bace (NC_028742) [70.270 ne]
Mycobacterium virus Acadian (YC_023701) [69,564 ]
H Myco_phg_Suigeners (70,079 nt]
Mycobacterium phage Reprobate (KF024727) [70,120 e
B, Mycobacterium phage Phelemich (NC_022063) [70.115 ne]
H Myco_phg_Phelemich (70,115 nt]
Mycobacterium phage Vincenzo (NC_028934) [72,139 ¢
Myco_phe AlanGrant (72,109 ne

[ ] ] x
Myecobacterium phage Stinger (NC_023741) [69,641 n]
Myeobacterium phage Nigel (NC_011044) [69,904 ne]
Myeobacterium phage Cooper (NC_008195) [70,654 ne]
Myecobacterium phage Adawi (NC_022328) [70,236 nf]
Myecobacterium phage JAMaL (NC_023554) [70,841 nf]
Mycobacterium phage BrownCNA (NC_028968) [71.214 nf]
Mycobacterium phage Bane2 (KF279413) [69,306 ne]
Mycobacterium phage Banel (NC_022331) [69,309 nf]
Myecobacterium phage Zonia (KM363597) [69.271 ne]
Mycobacterium phage Oline (NC_02371) [68,720 n]

x Myco_phg_PhrankReynolds [63,721 nf]

Myco phe Phergie [68.716 nt]




image4.png
Mycobacterium phage Vivaldi (KM347890) [68,873 nt]
Myeobacterium phage Gyarad (JX649099) [68,004 nt]
Myeobacterium phage Soto (NC_025438) [67,744 ne]
Myeobacterium phage SDehargell (KC661274) [67,702 n]
Myecobacterium phage KingVeVeVe (KJ538723) [68,043 ne]
Myeobacterium phage Phipps (NC_028942) 68,293 ne]
Myeobacterium phage Fang (GU247133) [68,569 ne]
Myeobacterium phage Swish (NC_028658) [68,735 ne]
Myeobacterium phage Yoshand (JF937109) (63,719 ne]
Myeobacterium phage FluffyNinja (KP027197) (68,716 ne]
Mycobacterium phage Puhltonio (GQ303264) (68,323 nt]
Myeobacterium phage Lasso (KM408320) [68,576 nt]
Mycobacterium phage TallGrassMM (JN699010) [68,133 ne]
Myeobacterium phage Vortex (NC_023801) [68,346 nt]
Mycobacterium phage Morgushi (JN638753) 63307 n]
Mycobacterium phage Harvey (JF937095) [68,193 n]
Myeobacterium phage Murdoc (JN638752) [68,600 n]
Myeobacterium phage Pipsqueak (KP027208) (68,328 ne]
Myeobacterium phage UncleHowie (NC_027985) [68,016 ne]
Mycobacterium phage Vista (NC_023727) [68,494 nt]
Mycobacterium phage Thora (JF95706) [68,839 nt]
Myeobacterium phage OSmaximus (NC_028803) [69,118 ne]
Myeobacterium phage Apizium (NC_028691) 63227 nt]
Mycobacterium phage Manad (NC_024363) (68,807 nt]
Myco_phg_Schadenfreude [68,591 nt]

Myecobacterium phage Pops (NC_028681) [68.367 nf]
Myeobacterium phage Eremos (NC_028690) [63.472 n]
Mycobacterium phage Newman (NC_021310) [68,598 ni]
Myeobacterium phage Colbert (NC_028689) [67,774 nt]
Myeobacterium phage Suffolk (NC_023563) [68,262 nt]
Myeobacterium phage Nacho (JX619098) (69,321 nt]
Myeobacterium phage Numberten (KJ194583) [68,607 ne]
Mycobacterium phage ShiVal (NC_028674) [68,35 n]
Myeobacterium phage EmpTee (KI567044) [68,428 ne]
Mycobacterium phage Hertubise (JF937097) [68,675 ni]
Mycobacterium phage Kikipoo (NC_028907) [68,839 n]
Mycobacterium phage IsaacEli (JN698990) (68,839 n]
Mycobacterium phage Sigman (KP027209) [68.311 nt]
Mycobacterium phage JacAttac (NC_023740) [68,311 ne]
Myeobacterium phage Serendipity (JN006063) [68,804 nt]
Myeobacterium phage Piglet (IX649097) [63,992 ne]
Myeobacterium phage Serpentine (X649096) 68,884 ne]
Myeobacterium phage Alex (X649100) [68.910 ne]
Myeobacterium phage Badfish (NC_028682) [69,030 n]
Myeobacterium phage ThreeOh3DI (IN699009) [68,992 n]
Mycobacterium phage Chah (J174694) [68,450 nf]
Myeobacterium phage Seoot17C (GU247134) [68,432 ne]
Mycobacterium phage Orion (NC_008197) [68,427 nt]
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