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Abstract

	We have characterized a large group of lytic Streptomyces siphophages and created a new family with two subfamilies and nine genera.  The average member of this taxon possesses 130.25 kb	genomes (49.3 mol%G+C, which is significantly less than that of their hosts) encoding for 233 proteins  and 38 tRNA.  While the phages which make up this taxon share a high number of homologous proteins, phylogenetic (vConTACT, ViPTree, and phylogenetic trees) all indicate that this group of viruses is cohesive and significantly different from other phages.


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 [1] – usually calculated using intergenomic distance calculator VIRIDIC [2].

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.   [8]

Subfamily demarcation criteria: Subfamilies are to be created when two or more genera are related below the family level. In practical terms, this usually means that they share a low degree of sequence similarity (usually about 40-50%) and that the genera form a clade in a marker tree phylogeny. [8]

Family demarcation criteria: The family is represented by a cohesive and monophyletic group in the main predicted proteome-based clustering tools (ViPTree, GRAViTy dendrogram, vConTACT2 network).  Members of the family share a significant number of orthologous genes (the number will depend on the genome sizes and number of coding sequences of members of the family). [8]






Supporting evidence










VIRIDIC heat map:  VIRIDIC (Virus Intergenomic Distance Calculator; VIRIDIC (Virus Intergenomic Distance Calculator; [2]; http://rhea.icbm.uni-oldenburg.de/VIRIDIC/) computes pairwise intergenomic distances/similarities amongst phage genomes. The black box delineates strains.  The Rhodococcus phages are outliers sharing ≤ 2.2% DNA sequence similarity.  The original Excel spreadsheet is attached to this application.
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ViPTree analysis:  ViPTree analysis (https://www.genome.jp/viptree/; [3]) is based upon Rohwer and Edwards (2002) famous Phage Proteomic Tree [4].  The phages of interest are  indicated with are indicated with a blue rectangle.  The Rhodococcus phages are outliers sharing ≤ 2.2% DNA sequence similarity.
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vConTACT v.2.0: is a network-based application utilizing whole genome gene-sharing profiles for virus taxonomy that integrates distance-based hierarchical clustering and confidence scores for all taxonomic predictions [11-13].  SEED KM652554 which contains 15 members VC_971_2 is indicated with a red arrowhead
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[bookmark: _Hlk98599067]Phylogeny: The phylogenetic tree was constructed using the MCP proteins from these and related phages with phylogeny.fr in “one click” mode [6]. 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 [7] for details. The members of the Stanwilliamviridae are indicated with a blue rectangle.  The outliers are the Rhodococcus phages.
[image: ]


















Proposals:
A. [bookmark: _Hlk99893806]Create a new genus, Tomasvirus with a single species
B. Create a new genus, Coruscantvirus with a single species
C. [bookmark: _Hlk99900691][bookmark: _Hlk99900602]Move Karimacvirus, Samistivirus,Tomasvirus and Coruscantvirus to Boydwoodruffvirinae
D. Create a new genus, Faustvirus, with two species
E. Create a new genus, Wakandavirus, with two species
F. [bookmark: _Hlk99893379]Create a new subfamily, Loccivirinae, for these genera
G. Move Wilnyevirus, Gilsonvirus and Annadreamyvirus to Loccivirinae
H. Create a new family, Stanwilliamsviridae

A. Create a new genus, Tomasvirus with a single species

[bookmark: _Hlk99897084]Origin of the name of this taxon:  This taxon is named after Streptomyces phage Tomas

Historical aspects: Lytic siphophage Tomas was isolated in 2020 by Shelby Harris (University of North Texas, Lake Worth, TX USA) against Streptomyces sanglieri UNT16F27A from soil as part of the Science Education Alliance-Phage Hunters Advancing Genomics and Evolutionary Science program.  The genome has 12757 bp direct terminal repeats. The Actinobacteriophage Database classified Tomas to Cluster BE/Subcluster BE2.  Our data indicates that it is sufficiently different from most of the other BE2 phages to deserve classification to a unique genus.

Electron micrograph: N/A  

Genome summary: 

	Phage name
	INSDC 
	Size (Kb)
	GC% 
	Protein 
	tRNA
	Overall % DNA sequence identity (*)
	Overall % homologous proteins (**)

	Streptomyces phage Tomas
	OL829978.1
	134.46
	48.2
	237
	45
	100
	100


(*) determined using BLASTn [1] or VIRIDIC [2]
(**) determined using CoreGenes 3.5 [5]

B. Create a new genus, Coruscantvirus with a single species
[bookmark: _Hlk40354317][bookmark: _Hlk99900578]Origin of the name of this taxon:  This taxon is named after Streptomyces phage Coruscant

[bookmark: _Hlk99900714][bookmark: _Hlk99908571]Historical aspects: Lytic siphophage Coruscant was isolated in from German soil against Streptomyces venezuelae ATCC 10712 by staff from the Biotechnology Institute of Bio- and Geosciences, Forschungszentrum Juelich, Wilhelm-Johnen-Strasse, Juelich 52425, Germany.  The nature of the genome termini is not presented. The Actinobacteriophage Database has yet to classify this phage

Electron micrograph: N/A  

Genome summary: 

	Phage name
	INSDC 
	Size (Kb)
	GC% 
	Protein 
	tRNA
	Overall % DNA sequence identity (*)
	Overall % homologous proteins (**)

	Streptomyces phage Coruscant
	MT711976.1
	133.7
	48.4
	248
	42
	100
	100


(*) determined using BLASTn [1] or VIRIDIC [2]
(**) determined using CoreGenes 3.5 [5]

C. Move Karimacvirus, Samistivirus,Tomasvirus and Coruscantvirus to Boydwoodruffvirinae
Origin of the name of this taxon:  N/A

[bookmark: _Hlk99959011]Rationale:  The Karimacvirus and Samistivirus taxa were created through Taxonomy Proposals 2020.081B and 2018.055B, respectively.  Based upon overall DNA sequence similarity viruses belonging to this subfamily (Tomasvirus, Coruscantvirus, Karimacvirus and Samistivirus) share ≥35.2% overall sequence similarity.   Their genomes are on average 133.4 kb (49.0 mol%G+C) and encode 238 proteins and 42-45 tRNA.

D. Create a new genus, Faustvirus, with two species
[bookmark: _Hlk99909757]Origin of the name of this taxon:  This taxon is named after Streptomyces phage Faust
Historical aspects:  Lytic siphophage Faust was isolated in 2019 by  Meher Arora and Bronson Burke (Chesterfield, MO, USA) against Streptomyces lividans JI 1326 as part of the Science Education Alliance-Phage Hunters Advancing Genomics and Evolutionary Science program.    Its genome possesses 772 bp direct terminal repeats.   The Actinobacteriophage Database classifies this phage to Cluster BK, Subcluster BK1.  Our data suggests that this subcluster should be split.
Electron micrograph: Electron micrographs of negatively stained Streptomyces phage Faust (https://phagesdb.org/phages/Faust/).  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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Genome summary: 

	Phage name
	INSDC 
	Size (Kb)
	GC% 
	Protein 
	tRNA
	Overall % DNA sequence identity (*)
	Overall % homologous proteins (**)

	Streptomyces phage Faust
	MT684598.1
	130.67
	47.2
	239
	33
	100
	100

	Streptomyces phage TunaTartare
	MW822145.1
	130.93
	46.9
	234
	33
	71.3
	81.2


(*) determined using BLASTn [1] or VIRIDIC [2]
(**) determined using CoreGenes 3.5 [5]

E. Create a new genus, Wakandavirus, with two species
[bookmark: _Hlk99910500]Origin of the name of this taxon:  This taxon is named after Streptomyces phage Wakanda
Historical aspects:  Lytic siphophage Wakanda was isolated in 2019 by Ketsia Kankolongo (University of North Texas, Lewisville, TX,  USA) against Streptomyces sanglieri UNT16F27A as part of the Science Education Alliance-Phage Hunters Advancing Genomics and Evolutionary Science program.    Its genome possesses 1773 bp direct terminal repeats.   The Actinobacteriophage Database classifies this phage to Cluster BK, Subcluster BK2.  Our data suggests that this subcluster should be split.

Electron micrograph: N/A  

Genome summary: 

	Phage name
	INSDC 
	Size (Kb)
	GC% 
	Protein 
	tRNA
	Overall % DNA sequence identity (*)
	Overall % homologous proteins (**)

	Streptomyces phage Wakanda
	MT024865.1
	126.61
	52.6
	228
	34
	100
	100

	Streptomyces phage Muntaha
	MT024872.1
	127.55
	52.6
	233
	34
	94.8
	96.5


(*) determined using BLASTn [1] or VIRIDIC [2]
(**) determined using CoreGenes 3.5 [5]

F. Create a new subfamily,  Loccivirinae, for these genera
G. Move Wilnyevirus, Gilsonvirus and Annadreamyvirus to Loccivirinae
[bookmark: _Hlk99959326]Origin of the name of this taxon:  This taxon is named in honour of  Professor Romano Locci (b.1937 Tolmino (Slovenia) - d. 2010, Udine, Italy).  “A graduate (1959) of the University of Milan, by 1972, soon after being awarded the "Justus von Liebig-Auslandsstipendium" by the University of Cologne, he became full professor of Mycology at the Faculty of Agriculture in Milan. There, his laboratory soon became a reference point in the study of the biology of actinomycetes. By studying their micromorphology and applying the emerging technique of numerical taxonomy, Romano contributed significantly to the revision of streptomycetes, mycobacteria, as well as the nocardy- form and coryneform bacteria. In 1983 Romano became the Head of the Institute of Plant Pathology in Milan. He served in that capacity for only one year before moving to Udine where he was invited to join the newly founded University. Here, he soon organized a young team of researchers that approached new themes while not neglecting actinomycetes. In addition to being author and co-author of over 300 papers, at various periods of his career Professor Locci was editor of the Rivista di Patologia Vegetale and "The Actinomycetes", editor-in-chief of "Actinomycetes", senior editor of the "Journal of Plant Pathology", Scientific Director of the "Gjornal Furlan des Siencis" and member of the Editorial Board of several other scientific journals. He was also elected member of the Subcommittee on the Taxonomy of the Actinomycetales of the International Committee on the Systematics of Prokaryotes, where he served as secretary from 1970 to 1974 and as president from 1982 to 1990.” [14]

[image: ]
Rationale:  The Wilnyevirus, Gilsonvirus and Annadreamyvirus taxa were created through Taxonomy Proposals 2018.060B, 2020.062B and 2020.019B, respectively.  Based upon overall DNA sequence similarity viruses belonging to this subfamily share ≥32.1% overall sequence similarity.  Their genomes are on average 127.7kb (49.5 mol%G+C) and encode 229 proteins and 33-35 tRNA.

H. Create a new family, Stanwilliamsviridae
Origin of the name of this taxon:  This taxon is named in honour of Stanley Thomas Williams (1937 – 2004). “Born in the UK Stan was awarded three degrees by the University of Liverpool, a BSc in 1959, a PhD in 1962 and a DSc in 1985.  1964 he took up an appointment there as an Assistant Lecturer. He was awarded a Personal Chair in the Department of Botany in 1987.  Over the years, Stan's research interests were many and varied, as exemplified by his studies on heterothallism in fungi, bacteriophage ecology, the role of micro-organisms in the decomposition of organic matter and nutrient cycling in soil and on the production of tastes and odours in drinking water. He was also a pioneer in the development of techniques for scanning electron microscopy of microbes.”
[image: ]
(reproduced from: https://www.microbiologyresearch.org/content/journal/ijsem/10.1099/ijs.0.63576-0)

Rationale:  Collectively these phages exhibit ≥10.9 DNA sequence overall similarity while at the protein level using the Bidirectional Best Hit algorithm with CoreGenes 5.0 (https://coregenes.ngrok.io/) we found 55 homologs (23.6% conserved proteins).  The latter include: glucosyltransferase, ribonucleotide reductase, capsid maturation protease, major capsid protein, tail assembly chaperone, tape measure protein, DNA helicase, DNA primase, DNA binding protein, RecA, Holliday junction resolvase, terminase large subunit, RNA ligase, thioredoxin, 
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Clostridium phage phiCTP1 (NC_014457) [59,199 nt]
Bacillus phage Mgbh1 (NC_041879) [58,951 nt]
Pacnibacillus phage Tripp (NC_028930) [54,439 nt]
Pacnibacillus phage C7Cdelta (NC_055028) [55,774 nt]
Paenibacillus phage Scottie (NC_055030) [55,990 n]
Pacnibacillus phage Unity (NC_055031) [50,316 nt]
Paer

Fusobacterium phage Foul (NC_055035) [130,914 nt]
Clostridium phage phi8074-B1 (NC_019924) [47,595 nt]

jus phage Halcyone (NC_055029) [55,560 nt]




image4.tiff
Rhodococcus phage Weasels2 (NC_041887) [134,973 n(]
Rhodococcus phage Trina (NC_042040) [139,262 nt]
Streptomyces phage BillNye (NC_042105) [127,084 nt]
Streptomyces phage Gilson (NC_048742) (128,338 n]
Streptomyces phage Comrade (NC_048728) [129,015 nt]
Streptomyces phage Blueeyedbeauty (NC_048720) [130,473 nt]
Streptomyces phage Annadreamy (NC_048719) [125,726 nt]
Streptomyces phage Wollford (NC_048722) [133,007 nt]
Streptomyces phage Yaboi (NC_048730) [131,250 nt]
Streptomyces phage Karimac (NC_048724) [131,909 nt]
Streptomyces phage StarPlatinum (NC_048721) 133,886 nt]
Streptomyces phage LukeCage (NC_048723) 133,195 nt]
Streptomyces phage Mildred21 (NC_042008) [131,976 nt]
Streptomyces phage Bmoc (NC_055842) [132,885 nt]
Streptomyces phage Daubenski (NC_055822) [133,090 nt]
Streptomyces phage Braelyn (NC_055813) [131,234 nt]
Streptomyces phage Paradiddles (NC_042010) [133,486 nt]
Streptomyces phage NootNoot (NC_042009) [131,086 nt]
Streptomyces phage Jay2Jay (NC_029098) [133,531 nt]
Streptomyces phage Evy (NC_055809) [132,977 nt]
Streptomyces phage EGole (NC_055791) [135,653 nt]
Streptomyces phage Samisti12 (NC_042012) [133,710 nt]
Streptomyces phage Peebs (NC 042011) [133,047 nt]




image5.png
SEED - MHoz5889 i

Intestiviidae
Microviridae Autographiviridae Crevadridae
Peduoviridae Pervagoviridae

[ -

SEED = MT771348
Vimaviridae

Keiatkonskiviridae

Red = Autographiviridae

Orange = Herelleviridae & Straboviridae
Blue — Clusters to investigate (AMK)

EED = KF188414

Ackermannyiridae Herelleviridae & Straboviridae

Molycolviridae

SEED=MK72119
Mesyanzhinowiridae

Schitoviidae

SEED = KM652554





image6.tif
2

fre Goseioses . Sepomyees e Mideazt
QNN38257.1_Steptomyces_phage LiMrtn
Q0126711 Stepomyces_phage Mulch¥ansion
SRS Sovptomyes stae Pariils
Seplomyces_phage_Basbolomne
[P 008610821 1_Stptomyees_phase NootNoot
V¥ 010103841 1_Steptomyces shage Bractyn
[ o05225720.1 Stepomyces prage Jev2lay
Janrsas1s 1 Seeptomyces shage Ev>
UM 468051 Steptomces phage_Targayen
APasnTa128 1 Septomyees phage Warpy
[¥e_o0ss11480.1 SesptomsessingeSamsiz
7 005611261 1 Seeptomyces phage e
fQRise0s5.1 Sietomyces phage Crose
782401 Stepomyces_phage Tute
|Qaxs5785.1 Srptomyces_phage_Teutscn
fASR76te2 1 Seeptomyces phage_Suhiz3
142 0101014711 Steptomyces phage EGele





image7.jpeg




image8.tif




image9.gif




image1.png




image2.tif
1 i i1 i
: H i 11

i
i
H

H H





