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Abstract
	[bookmark: _Hlk134714954]In this study, a new phage vB_BceS_LY1 and vB_BceS_LY5 was isolated from the Datansha Wastewater Treatment Plant in Guangzhou, China, with low similarity and coverage (79.2% similarity and 56% coverage; 72.32% similarity and 25% coverage) to the known phages Wes44 and PBC1. For accuracy, further comparisons were performed using VIRIDIC, which showed that the similarity of vB_BceS_LY1 and vB_BceS_LY5 was less than 63.2% and 55.7%, well below the defined threshold of 70% in this genus. More importantly, the results of vConTACT2 analysis revealed that vB_BceS_LY1 and vB_BceS_LY5 formed a new subset of VC clusters with phages of the subfamily Gutmannvirinae, which was further supported by the phylogenetic tree of the terminase large subunit. In summary, we propose to create two genera Layangavirus and Layangbvirus under the subfamily Gutmannvirinae.



Text of proposal
		Species demarcation criteria: The intergenomic similarity matrix made with the VIRIDIC tool, possibly better estimating the intergenomic similarities [1]. Its defining threshold is default 95% for species and 70% for genus [2].
Origin of names assigned to new genus: The origin of names etymology (Layang) is derived from the Chinese word for Bacillus cereus. The immediately following 'a' and 'b' represent different taxa. They will represent two different groups of phages isolated from Bacillus cereus.








Supporting evidence

Source of the name of this taxon: Bacillus cereus phage vB_BceS_LY1 and vB_BceS_LY5 isolated from Datansha Wastewater Treatment Plant, Guangzhou, China.

[bookmark: _Hlk134717274][bookmark: _Hlk134717281]VIRIDIC heat map: VIRIDIC (Virus Intergenomic Distance Calculator; [2]) computes pairwise intergenomic distances/similarities amongst phage genomes. VIRDIC analysis of strains with high similarity after BLAST comparison showed that Bacillus phage vB_BceS_LY1 and vB_BceS_LY5 had the highest similarity with Bacillus phage Carmen17 (Carmenvirus), Bacillus phage Wes44 (Carmenvirus) and Bacillus phage PBC1 (Pebcunavirus), but below the genus level (< 70%) similarity threshold. Therefore, phages vB_BceS_LY1 and vB_BceS_LY5 represent two new unclassified phages in the subfamily Gutmannvirinae, respectively.

[image: ]

Figure 1. The heat map by VIRIDIC analysis

[bookmark: OLE_LINK3]
vConTACT2 analysis: vConTACT2 [3] is a network based on the shared proteins for virus classification. There are 19,790 phages (nodes) in Figure 2A, which show 911,770 relationships between them (connecting lines), and 35 phages with association with phage vB_BceS_LY1 and vB_BceS_LY5 were selected for analysis (Figure 2B). The phage vB_BceS_LY1 and vB_BceS_LY5 both belong to VC_865_0 and has a strong association (socre >100) with the Carmenvirus (Carmen17 and Wes44) and Pebcunavirus (PBC1) phage belonging to the subfamily Gutmannvirinae within it.

[image: ]
Figure 2. The gene sharing networks analysis

 Phylogenetic analysis: Phylogenetic tree was conducted using the maximum likelihood estimation method in IQ-TREE by terminase large subunit(terL). It showed that phage vB_BceS_LY1 and vB_BceS_LY5 was distinguished from Carmenvirus (Carmen17, Wes44) and Pebcunavirus (PBC1). In conclusion, we recommend establishing two genera (Layangavirus and Layangbvirus) within the subfamily Gutmannvirinae.

[image: ]
Figure 3. Phylogenetic tree of phage vB_BceS_LY1 and vB_BceS_LY5 based on the terminase large subunit


GenBank Summary:

	Phage name
	INSDC 
	Size (Kb)
	GC% 
	Protein 
	tRNAs

	Bacillus phage vB_BceS_LY1
	ON366410 
	43.1
	42.36
	57
	0

	Bacillus phage vB_BceS_LY5
	OP646176
	42.2
	42.37
	53
	0




References
1. Timoshina OY, Shneider MM, Evseev PV, Shchurova AS, Shelenkov AA, Mikhaylova YV, Sokolova OS, Kasimova AA, Arbatsky NP, Dmitrenok AS, Knirel YA, Miroshnikov KA, Popova AV. Novel Acinetobacter baumannii Bacteriophage Aristophanes Encoding Structural Polysaccharide Deacetylase. Viruses. 2021 Aug 26;13(9):1688. doi: 10.3390/v13091688. PMID: 34578271; PMCID: PMC8471582.
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.
1. Bin Jang H, Bolduc B, Zablocki O, et al. Taxonomic assignment of uncultivated prokaryotic virus genomes is enabled by gene-sharing networks. Nat Biotechnol. 2019;37(6):632-639. doi:10.1038/s41587-019-0100-8 PMID: 31061483




image2.png
Aligned genome fraction Genome length ratio

0 0.25 0.5 0.75 1 0 0.25 0.5 0.75 1

Intergenomic similarity

40 50 60 70 80 90 100

40000
20000 I I I I Genome_length
0

53 61 56 60 63 MN604230 Bacillus phage vB BcM_Sam112
53 61 57 59 61 MN604698 Bacillus phage vB BcM_ Sam46
55.7 50.9 50.9 49.2 OP646176 Bacillus phage vB BceS LY5

1.0
1.0
0.1
0.9
0.1

578 572 NC 017976 Bacillus phage PBCI
ON366410 Bacillus phage vB BeeS LY1
E% E% ZE ZE NC 048698 Bacillus phage Carmenl7

NC 048725 Bacillus phage Wes44

0.1 0.1 0.7 0.8




image3.png
Bacillus phage vB. BcM_Sam112

Bacillus phage vB BcM_ Sam46

Bacillus ph

Bacillus phagggWé'

1%
4
e

1Y
'''''

- Bacillus phage vB_BpsS-140

Bdéﬂhisiﬁh‘eep-Purple

vC

<> VC 646 0 .
A VC 648 0 .
VC 865 0 .
D VC 912 0

genus

Carmenvirus

Cecivirus

Deurplevirus

Pebcunavirus

Unclassified

Edge Shape: Score

100

. . [
o s ost? . . .o.
. e o L
LA =t iy [
e .
. . . e . . Py . . .o . o .o .o P . Py . . . . . . . . .® P .
." SN ale Nite Nihe AT e e o TR e e ee eie e e e e e 1 e e e 0 b e ® o ® o e . p ]
e o * . o 5 Caae TN, eas, .‘: Tele Lee 8 g PR e v o8, o b > ¢ . @ o o %o et i .o . Rk, o, *e Pliers's e M, e ® e v o *
s | *® L. e o, 'l . . o e % 4 e s e e o e .o LY . o o . e v . . 2N ., . ., e e
. y . « o o . .
. . L ]
.
. L] -
.
.. .
..‘
L
.

. o «® o «® o ., e .t ot . . e e L e 2 ., S e | v, N . . . L R A S
. . o L e . . T e v e e L . o, . e, & D T & « e, L L e « o

. e e * . b . . .« * . . . LI . - . . . - N . - . . . . . . . . - . - - - - - N -

.
.

© 4 % 4 ® . @ , @ o e o o o s e s e e o & s e & s & ° & e e 5 s e & & e e & e e & s e s e e e e © o & s & s e e e & e e & s & s & e e & o o & 4 & ¢ e & o o s o s s s e e o o o
. . . . . L I R D D I DR D I D B I D D DR DR IR N B DR L D D D D B I DR DR D R DN D L D I I . D R N 2 D R D DR D D R R D DR DN D I D DY D D BN DN 2 D D DR D DR DR D 2 D D D N L I B DR

ee ®
o St
esine o
cen
L] * .
P .
. .
Ly,
« e * .
. .
.
.
* e * e *
. . .
e o o o o o

. .

SRR RBEG S S

..o .0. ety .t . o« . . .0 'o.. .0, .
#30 ex. Bt HBL R vl R o oeer SAL S NN . *
. . e A » 2o 3 e
i Pl See’ et et T oLine o? o o e
P g L) P . »
. . . . . .
. . . oo .
. . .
. . .
. e
.
Py . . . ® . . «® et o e, e e
e ®* g 00 L, 00 . L] LY e e (R L] . . . . & ] .
= . .o S ¥ * . . « % o "% h ® e o b
L
© 4 4 8 ., 8 4 8 e e o 8 & . e e e e o6 e e 6 o 6 e e e
° . . . . . s . PY . Py . . . . . . . . . .
.
. . .





image4.png
fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff UZT28558.1 Bacillus_phage vB BceS LYS5
fffffffffffffffffffffffffffffffffffffffffffffffffffffffff YP_006383455.1 Bacillus_phage PBCI | Pebcunavirus

ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff USL89244.1 Bacillus phage vB BceS_LY1
ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff YP_009837298.1_Bacillus_phage Carmenl?7
fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff YP_009840415.1_Bacillus_phage Wes44

I Carmenvirus

+— ffffffffffffffffffffffffffffffffffffffffffffff YP_009219579.1_Bacillus_phage 250

, I Cecivirus
77777777777777777777777777777777777777777 UTQ80079.1_Bacillus_phage vB_BceS LY4

AWNO07827.1 Listeria phage PSU-VKH-LP019

® YP 009204845.1 Listeria phage vB LmoS 188
YP 001468842.1 Listeria_phage A006

QPB07554.1 Campylobacter phage CJLB-5

QBX17207.1 Streptococcus_phage Javan345

APD22428.1 Streptococcus phage [PP24

QBX26315.1 Streptococcus phage Javan316 unclassified
AZF89589.1 Streptococcus phage 109751

QBX24154.1 Streptococcus_phage Javanl78

Tree scale _0-03 QBX28811.1_Streptococcus_phage Javan470

QBX14822.1 Streptococcus _phage Javanl57

Bootstrap values
@ >90%

70-90%

QBX20498.1 Streptococcus_phage Javan523

[ ffffffffffffffffffffffffff NP 438140.1 Streptococcus phage phiNIHI1.1
ffffffffffffffffffffffffff NP 795576.1 Streptococcus phage 315.4

I ffffffffffffffffffffffffff QBX29235.1 Streptococcus_phage Javan486





image1.png




