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Abstract

	We have created a new genus, Clawzvirus, for a virus which is currently classified as a singleton by the Actinobacteriophage Database Cluster.



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]





Supporting evidence
[bookmark: _Hlk40354317]Origin of the name of this taxon:  This taxon is named after Gordonia phage Clawz

Historical aspects: This lytic siphophage was isolated in 2019 by Tracy Rhode (Worcester Polytechnic Institute, MA USA) against Gordonia rubripertincta NRRL B-16540 from a compost bin as part of the Science Education Alliance-Phage Hunters Advancing Genomics and Evolutionary Science program.  The genome is circularly permuted. The Actinobacteriophage Database classified as a singleton

Electron micrograph: Electron micrographs of negatively stained Gordonia phage Clawz (https://phagesdb.org/phages/Clawz/).  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 (**)

	Gordonia phage Clawz
	MT498058.1
	57.66
	64.9
	89
	0
	100
	100


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

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.  
[image: ]


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 red stars and  a blue rectangle.
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[bookmark: _Hlk99702087]Phylogeny: The phylogenetic tree was constructed using the TerL proteins from Clawz and related phages with phylogeny.fr in “one click” mode [6]. "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 [7] for details."  The members of the Clawzvirus are indicated with a blue rectangle.

[image: ]

References
1. Sayers EW, Beck J, Bolton EE, Bourexis D, Brister JR, Canese K, Comeau DC, Funk K, Kim S, Klimke W, Marchler-Bauer A, Landrum M, Lathrop S, Lu Z, Madden TL, O'Leary N, Phan L, Rangwala SH, Schneider VA, Skripchenko Y, Wang J, Ye J, Trawick BW, Pruitt KD, Sherry ST. Database resources of the National Center for Biotechnology Information. Nucleic Acids Res. 2021 Jan 8;49(D1):D10-D17. doi: 10.1093/nar/gkaa892. PMID: 33095870
1. Moraru C, Varsani A, Kropinski AM. VIRIDIC-A Novel Tool to Calculate the Intergenomic Similarities of Prokaryote-Infecting Viruses. Viruses. 2020 Nov 6;12(11):1268. doi: 10.3390/v12111268. PMID: 33172115; PMCID: PMC7694805. http://kronos.icbm.uni-oldenburg.de/viridic/
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. https://www.genome.jp/viptree/ 
1. 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
1. 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.
1. 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.
1. 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.
1. Turner D, Kropinski AM, Adriaenssens EM. A Roadmap for Genome-Based Phage Taxonomy. Viruses. 2021 Mar 18;13(3):506. doi: 10.3390/v13030506. PMID: 33803862; PMCID: PMC8003253.
1. O'Leary NA, Wright MW, Brister JR, Ciufo S, Haddad D, McVeigh R, et al. Reference sequence (RefSeq) database at NCBI: current status, taxonomic expansion, and functional annotation. Nucleic Acids Res. 2016;44(D1):D733-45. doi: 10.1093/nar/gkv1189. PMID: 26553804.
1. Olsen NS, Hendriksen NB, Hansen LH and Kot W. A New High-Throughput Screening Method for Phages: Enabling Crude Isolation and Fast Identification of Diverse Phages with Therapeutic Potential. Phage (New Rochelle) 1 (3), 137-148 (2020) https://www.liebertpub.com/doi/10.1089/phage.2020.0016 

image3.tif
H ] g §

H . B H i, f o :

g o £ 2 g g £ + ¢ & 5 &£ E 3 £ 8

£ 208 52 B ¢ E o5 % oo -0 A g £ & 5 %

H 4 £ H S £ £ 5 = H E £ 2

&85 8 233 % %288 3524y dd

pocession No./Phage name RN R - D= R R - R - R A A=

53 8§ § § & % &8 = & £ g2 g2 & 2 z £ 5 & & 3 8

R R e T R R R = R R R

g 738 8 8§ 3§38 7§88 347¢8§:4237+4Fs

$ fF e gz )¢ :::§::i§iifizLgceoc:

g £ § 5§ 3 &8 § 8 8 8 8 8 8 B 8 8 38 5 § § 8

g £ g ¢ & g £ 2 8 2 £ ¢ 8 ¢ 8 8 g g 8 8

= x = = = H = = = = < < = x = = = = = = =

MK016493.1_Brev_phg_Cantare 56 53 56 51 07 05 04 04 04
KR063280.1_Gord_phg_GMAG 359 348 386

M2820089.1_Gord_phg_ChisanaKitsune
MK279853.1_Gord_phg_Gray
MNS86022.1_Gord_phg_Chidiebere
MW862992.1 Arth_phg_SilentRX
MT498058.1_Gord_phg_Clawz
MT639652.1_Myco_phg_MasterPo
MH001450.1_Myco_phg_leon
MK494131.1_Myco_phg_GodPhather
AP018462.1_Myco_phg_D12
AP018463.1_Myco_phg_PR
MK494114.1_Myco_phg_Argie
KY130461.1_Myco_phg_Taptic
MH001446.1_Myco_phg_Megabear
MK494132.1_Myco_phg_Cepens
MT521993.1_Gord_phg_RedWattleHog
MK977705.1_Gord_phg_Mollymur
MN908691.1_Gord_phg_DatBoi
KX557272.1_Gord_phg_Bantam
MT657339.1_Gord_phg_SpeedDemon





image4.tiff
Left line: Virus family
Siphoviridae (1669)
Myoviridae (298)
Podoviridae (113)
Autographiviridae (94)
Others (55)

Right line: Host group
Actinobacteria (1351)
Gammaproteobacteria (557)
Betaproteobacteria (97)
Firmicutes (53)
Cyanobacteria (9)

Others (107)

015 02 025 03 035 04 045 05

’s.

Aoy

T
-

I—E

Loty
80,
“b

2261 sequences

Salinibacter virus SRUTV1 (NC_042353) [50,672 nt]
Salinibacter virus M31CR41-2 (NC_042352) 51,889 nt]
Microbacterium phage Burro (NC_048733) [54.473 n(]
Microbacterium phage Arete (NC_048860) [53,692 nt]
Microbacterium phage Araxxi (NC_048801) [53,981 n(]
Microbacterium phage TinyTimothy (NC_048777) [53,932 nt]
Microbacterium phage Alexd4 (NC_048778) [54,396 n(]
Microbacterium phage Phedro (NC_048877) [54,442 nt]
Microbacterium phage Akoni (NC_048761) [54,307 nt]
Myecobacterium phage ADLER FI725 (KF981876) [95,702 ne]
Mycobacterium phage Adler (KC960489) [95,705 nt]

Jr MK016493.1_Brev_phg_ Cantare [90,743 (]

Gordonia phage GMAG (NC_030906) [83,324 nt]

r KR063280.1_Gord_phg GMAG [83,324 nt]
MZ820089.1_Gord_phg_ChisanaKit 88,657 nt]
MN586022.1_ Gord_phg_Chidiebere [91,072 nt]

Y MK279853.1 Gord phe Gray [88.970 nt]





image5.tiff
W MT498058.1_Gord_phg Clawz [57,664 nt]

I RI phage ReqiPineS (NC_023722) [59,231 nt]

y phage Dori (NC_023703) [64,613 nt]
H MK494131.1 Myco_phg GodPhather [61,415 nt]
'MHO01450.1_Myco_phg_Jeon 60,908 nt]

AP018462.1 Myco_phg D12 [61,290 n]
AP018463.1_Myco_phg_PR [61,267 nt]
MEK494114.1 Myco_phg_Argie [61,547 nt]
KY130461.1 Myco_phg_Taptic 60,973 n]
MHO001446.1_ Myco_phg Megabear [60,579 nt]
MK494132.1_Myco_phg_Cepens [60,656 nt]

B B Tsukamurella phage TPA2 (NC 015210) [61,440 nt]





image6.png
02

AVO21705.1_Mycobacterium_phage_Jeon
QBP31119.1_Mycobacterium_phage_Argie
APDIS232.1_Mycobacterium_phage_Taptic
QKY79914.1_Gordonia_phage_Clawz
YP_009949352.1_Mycobacterium_phage. Thonko
AVI49012.1_Mycobacterium_phage_Ealoo
- QUDSL4041_Mycobacteium_phage Jackstina
YP_003018516.1_Mycobactrium_phoge_ Akoma
AUXE2490.1_Mycobactarium_phage. RagingRooster
AHNB4223.1 Mycobacterium _phage Heathcliff
| AERS0137.1_Mycobacterium_phage_Kamiyu
YP_002014516.1_Mycobacterium_phage Phacdrus
IDG78865.1_Mycobadterium_phage. LestyG
| AE194675.1_Mycobacterium_phage. Dalsy
QFGI3769.1_Mycobacterium_phage. Philly





image1.png




image2.tiff




