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 OE. [86) #EF504E Bacillus subtilis)Z £ A AR 2 5ENELRMEE, Lt
MM, RIPHREBAFTANEA, RFANTHBE, AL RO, Nl EeoRT
g~ F 8 50%. BUEE K (prophage) A Em EARRA Y, TAHRBEIREALRFEDF A,

EHFEAHRMAL. 242, A * B. subtilis R B K6gIRiE £ 2 & b F oA R % B 4K (defective
prophage), ABFR A —AkAE SR 14 A F M4 R "E H AR (active prophage) 4 A B A S AT AEAT, VAP AT HE
SrGR RAEE R NI, [ FEYVRALEEF C AREEFRITA T HF—LHIK, #L4
Bacillus phage Bsu-yong! ({8 #& Bsu-yongl). % Bsu-yongl #47 fi 4 . & 44 ¥ 4% (transmission electron
microscopy, TEM)¥LZL, /A Illumina MiSeq M€ H A F 85 3] 242 A A M3 &5 T Bt Lt AT
AR D284 2 snittbot. [4 %] Bsu-yongl &5 PBSX R&:/8A R f KR A LA,

12 Bsu-yongl B-A &6 A AL E 4, X 58 BAREAKRIE, B4 AELKIET REEH
BEOFERM, mAMAEE BB E EIR, Bsu-yongl RE 4K 43590 bp, G+C 4
=4 41%, &H 62 /~F X 4E (open reading frame, ORF), ZAZH{t. 5% . Bsu-yongl #H A F
YAh TTSS L 3 LXG % A MFH £ (T7SS effector LXG polymorphic toxin). ImmA/IrtE & @ #=
SMII/KNR4 & & . #] =4 A 418 4 % (toxin), /&4 # $L4% (antitoxin), toxin-antitoxin £ %8 & £
BRAREZRR, 25R 545 E L, sLal, #AH % LXG polymorphic toxin 94 F £
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AR AR E AR . AT oA FE A e A E 49 & & 5 LR (proteomic tree) T, Bsu-yongl
55X B4Rk sv105. rhol4. vB_BteM-A9Y F& & s — ANk 52 69 #E4L & (clade), 25 B 40 AT 2 7 €11
AR G H L REAEE B G ERT M, A1 F 29 MEw K B (core gene), 3L A PBSX A
7 A&4F4E, Bsu-yongl 5 H A=K FH R BELIE B 42 . ¥ Bsu-yongl 5 PTA K E AR AT, 17
2| 49 3T 5 71 b 2% (pairwise sequence comparison, PASC)#R XA& 4 46.72%, T /&4 FAE(70%).

[4i£] vB_Bsu-yongl EH BRT KE—ANH ) RFn 09 B, BV E—AF 69 #(family), Z#t
¥ Bsu-yongl 52 H 4Kk sv105. rhol4. vB BteM-A9Y 21 4%. vB Bsu-yong 45 # % BB X LA, €
THRAHNTEEZEAANEEF T RBERENIRTE. ARAFE T EARAALARRIEE, ERT A FR
AF R & MR R E AR ISR,

KR RERK;, KB4, REFRHFEH, 15, I

Genomic analysis of a Bacillus subtilis prophage vB_Bsu-yongl
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Abstract: [Objective] Bacillus subtilis, a Gram-positive bacterium ubiquitous in the nature,
has strong stress tolerance and environmental adaptability and can inhibit the propagation of a
variety of harmful bacteria. It is a common and important enzyme-producing bacterium, with
the yield of proteases and amylases accounting for 50% of the industrial enzyme yield.
Prophages integrated in host genomes are capable of providing additional genes and endow
hosts with biological properties, demonstrating great research significance. The available
studies about B. subtilis prophages focus on the defective ones. In this study, we analyzed the
genome of an active prophage to expand the knowledge about non-defective prophages.
[Methods] We induced a phage from B. subtilis by using mitomycin C and named the phage as
Bacillus phage Bsu-yongl. We employed transmission electron microscopy (TEM) to observe
the negatively stained Bsu-yongl, Illumina MiSeq to sequence the genome of Bsu-yongl, and
bioinformatics tools to annotate the genome. Furthermore, a proteomic tree of Bsu-yongl was
built based on genome-wide sequence alignment. [Results] Bsu-yongl showed the morphology
similar to that of PBSX-like defective prophages of B. subtilis. Unlike defective prophages
which package DNA segments from random portions of the host genome, Bsu-yongl was
capable of packaging its own genome. The full-length genome of Bsu-yongl was 43 590 bp
with the G+C content of 41%. A total of 62 open reading frames (ORFs) were predicted with
modular arrangement in the Bsu-yongl genome. Bsu-yong1 harbored the ORFs encoding T7SS
effector LXG polymorphic toxin, IMMA/IrrE and SMI1/KNR4. The former two were bacterial
toxins and the later was an antitoxin. Toxins and antitoxins are members of the bacterial
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immune system, participating in bacterial competition and environmental adaptation. The gene
encoding LXG polymorphic toxin in bacteriophages had never been reported before. A
proteomic tree was built based on the whole genome alignment, revealing a long evolution
distance between Bsu-yongl and other phages. In the proteomic tree, Bsu-yongl clustered with
phages sv105, rhol4, and vB BteM-A9Y to form a monophyletic clade. These four phages all
had PBSX-like morphology and shared 29 core genes. Pairwise sequence comparison (PASC)
illustrated that the highest nucleotide sequence similarity between Bsu-yongl and known
phages was only 46.72%, which was much lower than the threshold (70%) to define a genus.
[Conclusion] Bsu-yongl represented a new unknown genus. We suggest the establishment of a
novel family composed of Bsu-yongl, sv105, rhol4, and vB_BteM-A9Y, which share 29 core
genes. Bsu-yongl carries immunity-related genes, which may benefit the host in bacterial
competition and environmental adaptation. The findings enrich the bacteriophage gene

database and enrich the knowledge of active Bacillus prophages.
Keywords: prophage; genome; Bacillus subtilis; novel genus; novel family

Wik T 1 (phage) i BE 4 S 11 SR AL A0 T4 L EL T 1Y
EE. HoM )z, & AR AP R E RO
AR R TR (4 A i R W LR A 2
AR, JEWE TR A (prophage)— it H 28 77 1 5L
J9 , o J S P DR R AR B B DR 4 5 3
(IR SRR N NN E SR =W I N i R e
DNA SflmE2E . ERELT, JEmREL
TER R A IR A 2R S5 5 | e 1 32 3% . —
BEAONRINER, W22 R | milh . FASE, o]
DAY 88 53 0 200 r 10 D o A R e 1 e
i, FERAE RO, X ST R S 1 D TR A
SRR AT 4 I B 14 (active prophage)

I BT A A A 2 A T 1 R o A 9 R B T
PRI W B AARA F K- R R %, BB A UK 2
JEUAZ A W R A AR, SRR R KPS
TE AT PR DL o e T AR 20 TR A A v h
RAFH SAENE A, XA UEL IR S AR L . 4l
B P 7E DNA & il i A gk A5 2 A 7E HOR R 21 |
F1R) S TR A ) B TR B, DT 347 357 2 B B
SR FELE T RE o — S i B A D] R i B 40 TR
Fe ) 4 ) RN RS I o W PR AR AT AR
DNA A& B i i F2I8 FLAR A LE LA, A

TSN | SRR S, DASRARE LS, X
S SL RIS RE 5 Ba 2 58 - i3 1y s 1, A O
AR TE EMBEY N, RGeS 5
16 A RO | SaRE AR, R e A e )
AR H& T 1 5 78 4 B V& Hh 1955 4 BE ) RN 34
B N BT

i B 2 AT I (Bacillus subtilis)) 4 2% FG BH
PEG, BAT SRV ZEIRAT R, G40, R
LT PR RN RE R0 R 280 E R
OO, R R ZE AR RO R LR R N
BRI, SR T AT R P =B, AR ZE AT
PRLAE 7™ OB 1T L DR T o A Tl A Tl i
(1 50%" . T A AR R ZE AT TR (1 B 5 %
ARG 550 T AP AU, BF 55 WAL
TR E T RE Y LA, I L v B T B A Rl
Bl AR S e R TR T B R 2 AT
B A PR R T AL s Y AT B
A 1 ) D A R 5 7 3 B9 RH B R BIL A R
ST, AR R AR B 1E AR 51kl
MGG sl . AR AN R A e, SR,
FHOCHIF Y 3 2 2 v 7E BB TR T 5 TR 4% (defective
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e A7 AE , W93 B A A R 2 AT T TR )
ok B3 A PBSX ol IR B pe 14 I
W TR A [ FR b PBSX A B B U J g B 1A
(PBSX-like defective prophage)]''>"®!, it 5 )5
RN RS U = NS W S [ = g OB S
DNA. 7t PBSX JiaEhi 5 A& A b A 5
F ) DNA, 2Rl —B2y 13 kb 11E 3
Yo iR R Br. REE) PBSX I B AR N Sk
MK, HGHEARZAN 45 nm, A U469 B2
200 nm, f# 5 Y Jer G5 D 1A () A7 A R 0 TR TR
BIRAREF R ER AR,

A KAR B R B. subtilis JEE B A 338 5
o APREH 225885 5R C ALk A FHHESR
FEK AR R o3 8 B ARG O ZE AT R, R 5
1 BRAE BB BSR4, H- 444 o Bacillus phage
Bsu-yong1 (f&j KX Bsu-yongl). X} Bsu-yongl f*J&
L4715 #1434 Bsu-yongl #1451 S
R W A A rh ol AR T B i ) R
FH; RGE 5 T B8 Bsu-yongl A3 1 4587
(¥ A 1 ) (genus) , 15 HoAt 3 4> PBSX AEIER {4
IR 1 BT RN family). ABFRFEE TR
LD B P, #0081 X6 2 AL T s e et T A 1Y)
N, Sy it — 2 b Bt T R s 3 A AR
RARBE T —E WAL

P

1.1 BEREHKIFERIES

il B ZE LT TR TR PR PR A TR o F
FIAAKIE, MR &5 KRS LB i
KIEFILEE AN 10 g, FERHEREU 5 g,
SEEKERE 1L, pHRZE 7.2, BEKHE),
BRI 29 °C; 16 BLASTn Fexth, H 16S
rRNA JE K 7 1) 54 55 2 0 4 18 KCTC 13429 #k

(B. subtili strain KCTC 13429) (NZ_CP029465)
100% 7] 75 .
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1.2 EE{AFS

ORI i 155 SR 0RO B 2E A R TR L 5 mL
FiEH, A 5 uL 22485 28(5 mg/mL), ffiZ
W 5 pg/mL. B THRER29 °C. 120 t/min)fE &
2h )5, BEMEIEEC 10 min (4 °C. 10 000xg),
BRI ZE 0.45. 0.22 pm FLARBIUE R UE
U8 3 AR DI A A AR
1.3 EEARSUER

B E RS E AR 1 mL in A BT, B
F 0.01 mol/L #§ARERZ% #hik (phosphate buffered
solution, PBS)H & HT 2 h, MFHTAS Hr B W5 &
B, BT 4°C&H. Wil Rat, B10 pL Wi
KRR TAAM |, #0810 min J5, F 1%
gefs 30 s, THRJE B HGRE
(Hitachi-7650)M.8 HIE 24 .
1.4 IEEAEMERIE

R fif 15 % 0 % BIOURG B 2 96 T 7R TR
100 L, #5734 F LB /K FAES 32 374 L,
B 1.2 ofRAT A s DR A B, T B IR AT A R R 2
FFF I LB K BARE SR H AR b, B4R
ROAADREL, B 3 uL, AT,
{8 T FRAA (29 °O)rh G IR, B8 1 hoWLEE 1R,
1.5 FEE K DNA $2E

BUWE s RS2, Ui RNase A Al DNase 1
(RWJE N 1 pg/mL), 37 °Ci R iHLLL Bk
GYL I RZBR,, 80 °CKYE 15 min Jii, 15 &L
(35 000xg. 1 h), F LjF; VIEHE R 1xPBS
ORI, M s E R RGAH &P 0,
Fie BT ] P2 UGS TR /K DNA
1.6 =ERFANFS5FRE

{6 ] Tllumina ) NEBNext Ultra II DNA 3%
il #8120 6, 2 BRI 4548 i 3% A Tllumina
MiSeq V- & A TIN T DU 5 25 SR i 2EAk A FastQC
(http://www.bioinformatics.babraham.ac.uk/projec
ts/fastqc/ )47 ; FHHFH Trimmomaticv0.36 #Xf4:

M B AP 5 i (Q-value<20) U 5 reads F14%3k ;
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F SPAdes 3.13.0 #0458 BT 5 BFF%
B FARE N4 S GenBank H 1 nr $04E &

H Y 81154 7 BLASTn (https://blast.ncbi.nlm.nih.

gov/Blast.cgi) FE X, 75 21 A% [ 514 5 e (] U sy i
100%)1) 4 AN FF 5135 Ak B 2R fOAT IR L R 4 . il
H 7E 4t 1. H PHASTER (Phage Search Tool
Enhanced Release) (http://phaster.ca/)!' i ] i%
4 #RI Al BEIY prophages, FfH4iX4E prophages
5 Bsu-yongl HXT, 7341 Bsu-yongl 7EA, 271
FFRH RS

i RAST 74k 1 H.(https://rast.nmpdr.org/
rast.cgi)!" WA ) 25 169 FF L RS2 4E (open  reading
frame, ORF) Tl | 15 i &, iz i HMMER
(https://www.ebi.ac.uk/Tools/hmmer/search/hmms
can)Yj HHpred (https://toolkit.tuebingen.mpg.de/

tools/hhpred)™" > 7& 2k ik 55 #% b 17T HC X ¢
(E-value<107°, possibility>96%). Z3r5#i45 ORF
B F43] GenBank " (nr BUHEJE), HEAT
BLASTp (https://blast.n cbi.nlm.nih.gov/)E X, fiff
FHHE 2k K P8 2 (http://arpcard.memaster.ca) i3 17 $7T
AT 2GR # O SRR O . R AEZR T A
(http://www.mgc.ac.cn/VFs/search_VFs.htm) i 17
B S BER T
1.7 ARG UL o

PL 2022 4F 3 H Bl 0 K& R &
(International Committee on Taxonomy of Viruses,
ICTV) ARG RIS R G bRl , 1z ITELR R
ViPTree3.3 (https://www.genome.jp/viptree)F4) & Ji
I R A& Bsu-yongl 5 66 /MW B 1A (1) 4 SE R 4l &
FITERT . BRI 66 A~Z 75 I B 1A 1) 2 BRUPR 1
T: Bois Al ViPTree33 M 1 ©~ &4
Bsu-yongl SR A 6 202 HRE B 1Y B
AER, A Bsu-yongl LR B F i 1Y 2
W B K Spizizenvirus sv105 (NC _048631) Al
Bacillus phage rhold4 (OM236514); #t B 7E

BLASTn X} H 5 Bsu-yongl FA i 5 [A] J5 M Y
IR Bacillus phage vB_BteM-A9Y (ON528935);
PEHLAE BLASTn [tXJH'Y5 Bsu-yongl ZEP4
100% [A] 5 Y B A% b 000 69 1 A J5t I T A
Jimmer2 (Brevibacillus phage Jimmer2) (NC_
041976); HEEIEE 5 Bsu-yongl FHLLAYHIE
RIJE I 1A Bacillus phage PBP180 (KC847113);
MICTV 4325 R4 R 49(Caudoviricetes) T 1)
4 /~ H (Crassvirales . Kirjokansivirales .
Methanobavirales FlI Thumleimavirales)H £ Bl
ek 2 MUEERD; i ICTV 32K RG A BN A
J& AR B s iy 33 AR, RRREER 1-2 4
(=2

i A B XT ¥ 41 b ¢ (pairwise  sequence
comparison, PASC) 7E £& 1. H. (http://www.ncbi.
nlm.nih.gov/sutils/pasc/)**i1 %4 Bsu-yong 5
B8 e vb B A e BE 1] Y 4 2k DR 2H A% T R AH A2
JE, IR BN G 2Z AR AL d e A 2 (W T AR
{6 Ff] EasyFig2.2 8 F2* e XF Bsu-yong 5 7] A
P S5 v A DA AR A SR DR A, I B X T
ffi | EzGenome web (http://www.ezbiocloud.
net/ezgenome/ani)>"/3 7 Bsu-yong 5[] 1 Bt
e R W TS T8 1Y 1 34 4% 82 — BOPE {H (average
nucleotide identity value, ANI), fi F§ GGDC 7E4k
T H(http://ggdc.dsmz.de)* % Bsu-yong 5]
T I = R WS TR AR 22 (B ) DNA 49T i 37 4= 28 i
(insilico DNA-DNA hybridization value, isDDH),

2 ZERE54

21 FEREEAHISFS

WEE 2 ha, WNT 22221 B. subtilis
BE SRS TR , 10 () 000 R R R v A ol B — L
e, E X AHER
2.2 TERE RSN

HL B M i 7 Bsu-yongl 2 BRJLRE I 1A
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FE(Myovirus-like)JEASFHIE . HA /MY A Hifksk
FRAATAE (A 1); LI EAR A (44+]) nm; 2
KM SERE , KB R (22243) nm, S5 k1(22+1) nm,
30X 5 27 TR T A R 2 AT T o TR I T A
PBPX #il PBP180 ¥ & 45 45 #4 A 1 B, {H
Bsu-yongl H KT PBPX Hl PBP180 I B {4
M, JHF_HMEHH KA 200 nm!" . H
Bsu-yongl [¥J@ilA B MR 4ECaniE 1 iy
ik FoR), MATE PBP180 K HiAth PBPX KRG
Y R AR TR R R B AR 4k
2.3 IEEARTE L

W W T A B AR A R AT A R R R AR B
LB MK BB SR E, 3% 6 h)a, 7EE
B b AR SRR XS B S W TR (TR 2)
24 EREARFIFINES D

fif R v Al W e B R RS T
Bsu-yongl K:PRZH, WP IREH 656, Bsu-yongl
By HE R ZH 4Kl 43 590 bp, GC &l 41% (K]
3), %A 63 NIk B EAHE (ORF) . 4% Bsu-yongl
HOSEHEIE N2 P9 #E42 2 GenBank, %5 N
OP918669.

100 nm

B 1 JREZE{K Bsu-yongl RYEIEE

Figure 1  Transmission electron micrographs of
Bacillus prophage Bsu-yongl. A: Bacillus phage
Bsu-yongl particles possesses an icosahedral head
with a diameter of (44+1) nm and a long contractile
tail. The length and width of the tail are (22243) nm
and (22+1) nm, respectively. B: Lysed cell debris and
several tailed phage-like particles of Bsu-yongl. The
tail fibers of Bsu-yongl were clearly visible (white
arrow). Scale bar: 100 nm (A) and 200 nm (B).

P4 actamicro@im.ac.cn, & 010-64807516

2 Bsu-yongl EREFRAITEEE L AR
B HE(57 K FT7)

Figure 2 Plaques developed by phage Bsu-yongl
on Bacillus subtilis lawn (arrow).

BLASTn HXT&5R 7R, 7E GenBank %4
JEH Y Bsu-yongl 3[R 4[] YR 14 B = 9 7 41
4 BRZFAEATEE, RV S5 E (query cover) S5 AHTL
J& (identity)YJ R 100%, X 4 BRZEFLFF B 53 51 2
B. subtilis strain BL-01 (CP028812) . B.
inaquosorum strain DE111 (CP013984) . B.
inaquosorum strain BSXE-2102 (CP111073). B.
inagquosorum strain A65.1 (CP096592), H. & fk
BSXE-2102 5tk A65.1 By H T4 5¢ 4 —
BN 38 52 BRI ] — B Pk o ff ] PHASTER
T L X A0 S TR AR 114 35 R 2L R4 D R A TN 2
R RHERA FH&EEH 2 DRk r &
KZH 25, 43928 Jimmer2 (PHASTER 743y
100 43)#1 sv105 (PHASTER #4347 80-90 43) (I
3)o PHASTER JRA4: I A 5 LA 1l 73 6 T R 118 S5
DR] 2 A i) 4 )W BT & Bsu-yongl., PHASTER
BAFI S Hr I BE v A $2 T 25 18] Sl Y 81 EE R
531 Bsu-yongl 7EiXSE B b A L K 20 Hh A B
(K 4), &I Bsu-yongl HIEMEREA sv105
TE1E F AR A FAEEG YA R S XIS E
A, Bsu-yongl 5 JEIER{A Jimmer2 AYTIALL
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MU XIEAE G HAHET . Bsu-yongl 7E15 BLASTn H.X} /5 Bsu-yong 1 AHELEE 5 i 119
FRG K ERTIAN S THDNABRE RN iR TR ERIA vB_BteM-A9Y, [
RadC (DNA repair protein RadC)J& K i 4w i [X i JE N 95.82%, FHALEE R 28%.

873 761 BEEERERERRRENRNEERERY 921 759 2269 785 HHEHHHHHHEHRRHEETTD 2 302 148

Bacillus inaquosorum strain DE111

2694 991 [ 1 2738 573

1 289 223 e 1 321 586 2 698 396 E‘?\K‘\\\\ hﬁ‘\&&:&l‘- o h&ﬁ&ﬁ\ Q\Q\ﬁ 2 738 552
Bacillus inaquosorum strain A65.1 2809 755 | 12 853 337
1424 953 EEHEHHEREEHEHHERHE R 1 437 316 2 813 160 Bttt ininsdy 2 853 316

3 =GR E R RREE R TN S R R E RN GLS
Figure 3 Insertion sites of the predicted prophages of the three Bacillus bacteria, which were the three top hits
in BLASTn alignment of Bsu-yong1 (query cover=100%, identity=100%).

Terminase large subunit

Portal protein

\ ~ Head protease

Majorcapsidprotein

~Tail fiber protein

~Head-tail connector protein

-Head closure protein

-HK97 gp10 family phage protein
Tail completion protein gpl7
“~Major tail protein

Terminase small subunit
HNH endonuclease
ArpU family transcriptional regulator
DNA Modification methylase
Putative phage metallopeptidase
ERCC4 domain-containing nuclease _"r’; 2

Plasmid primase

AAA family ATPase Bacillus phage Tail assembly chaperone protein
Bsu-yongl

\ '{otal length 43.59 K

Tail tape measure protein

Host-nuclease inhibitor Gam family protein

s : m 3 ;
Helix-turn-helix transcriptional regulator el By proedt

Helix-turn-helix transcriptional regulator Endopeptidase tail protein

ImmA/IrrE family protein Tail fiber protein
Recombinase family protein

DNA-binding protein

~Tail fiber assembly protein
SPbeta prophage-derived uncharacterized protein YomR
SPbeta prophage-derived uncharacterized protein YomQ

Response regulator aspartate phosphata§e . / SPbeta prophage-derived protein BhlA holin family
T7SS effector LXG polymorphic toxin Holin

SMI1/KNR4 family protein Endolysin

[ Packaging [ Structure [l Lysis Replication and regulation [l Antitoxin Uncharacterized

4 THEFETEREEA Bsu-yongl RYEEHE

Figure 4 Genome map of prophage Bsu-yongl. The outermost circle represents the 62 ORFs, with different
colors represent different functions (clockwise arrow indicates the forward reading frame, counterclockwise
arrow indicates the reverse reading frame). The dark circles in the middle represent the GC content (“black”
indicates greater than the average GC content compared with the whole genome, and “gray” indicates the
opposite). The innermost circle represents the GC skew (G—C/G+C: Outwards indicates>0 and inwards
indicates<0).
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Bsu-yongl K43 62 > ORF H1, £ 38 4~
T A A BRI REEE 1, 7 A 61.3% (R 1)
Bsu-yong1 5 Kl 4341 2 PR Ak, Dk
A FE R AHZB (1] 4). Bsu-yongl LR 5 A 4
KIERINRERIEL . % i (lysis). DNA fU%%(DNA
packaging) . K &% 45 #4 (structure) . & il 5 5 Y
(replication and regulation) (% 4). ¥ EEHR) 3
4~ ORF (ORF26, ORF27. ORF28)/3 7l 4 fith 2 £L
2R (holin) AN BRIV ik Bl (lysin MR ) (Kl 4, &

1); DNA fU3BIHL 1) 2 4~ ORF (ORF1. ORF 62)
43 53] i R A ity A IV i A A sty il /NI i (1] 4,
zD; HWESHEERS A 17 4 ORFs
(ORF3-ORF21)# {3 B B 4w Bt 15 T 44 285 ) 2 1
(B 4, % 1); G5 EE$E 16 4~ ORF
(ORFs: 26, 27, 28. 35, 38, 39, 40, 41, 45,
46, 49, 51, 52, 54. 55, 60)WiERE IS S
5 DNA &l . A5 5L R 2R A S 8 1
(B4, % 1),

% 1 Bsu-yongl & ORF LjgE i1 BLASTp tbxf4E R

Table 1 Function prediction and top BLASTp hits of Bsu-yongl ORFs

ORF Size (aa) Prediction function Top BLAST hit? Identity® (aa) E value®

1 569 Terminase large subunit reff[WP_060399185.1|]MULTISPECIES: terminase large  100% (569/569) 0.0
subunit [Bacillus subtilis]

2 56 Hypothetical protein reffWP_178938629.1/MULTISPECIES: hypothetical 100% (56/56) 3E-28
protein [Bacillus]

3 426 Portal protein reffWP_060399184.1MULTISPECIES: phage portal 100% (426/426) 0.0
protein [Bacillus subtilis]

4 208  Head protease reflWP_060399183.1MULTISPECIES: HK97 family  100% (208/208) 1E-151
phage prohead protease [Bacillus subtilis]

5 431 Major capsid protein reflWP_060399182.1|MULTISPECIES: phage major 100% (431/431) 0.0
capsid protein [Bacillus subtilis]

6 150 Tail fiber protein reffWP_060399181.1)]MULTISPECIES: collagen-like 100% (150/150) 2E-100
protein [Bacillus subtilis]

7 100 Head-tail connector protein reffWP_060399180.1MULTISPECIES: head-tail 100% (100/100) 5E-67
connector protein [Bacillus subtilis]

8 104 Head closure protein reflWP_060399179.1|]MULTISPECIES: phage head 100% 104/104)  4E-71
closure protein [Bacillus subtilis]

9 132 Mu-like protein gpG ref|WP_060399178.1MULTISPECIES: HK97 gp10 100% (132/132) 1E-90
family phage protein [Bacillus]

10 130  Tail completion protein gp17 reffWP_060399177.1[MULTISPECIES: hypothetical 100% (130/130)  7E-90
protein [Bacillus subtilis]

11 204 Major tail protein reffWP_060399176.1|[MULTISPECIES: phage tail protein 100% (204/204) 5E-146
[Bacillus subtilis]

12 125 Tail assembly chaperone  reflWP_060399175.1|]MULTISPECIES: hypothetical 100% (125/125) 1E-82

protein protein [Bacillus subtilis]

13 40 Hypothetical protein reflQHMO08352.1|hypothetical protein C7TM28_00059 100% (33/33)  7E-15
[Bacillus subtilis]

14 1495  Tail tape measure protein  reffWP_060399174.1/MULTISPECIES: phage tail tape  100% (1495/1495) 0.0
measure protein [Bacillus subtilis]

15 279 Tail family protein reffWP_060399173.1|]MULTISPECIES: phage tail family 100% (279/279) 0.0
protein [Bacillus subtilis]

(P2
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16 567 Endopeptidase tail protein reffWP_060399172.1]MULTISPECIES: phage tail protein 100% (567/567) 0.0
[Bacillus subtilis]
17 632 Tail fiber protein ref]WP_060399171.1]MULTISPECIES: hypothetical 100% (632/632) 0.0
protein [Bacillus subtilis]
18 102 Tail fiber assembly protein reffWP_060399170.1MULTISPECIES: hypothetical 100% (102/102) 3E-66
protein [Bacillus subtilis]
19 57 Hypothetical protein ref WP_164906782.1]MULTISPECIES: hypothetical 100% (57/57)  4E-34
protein [Bacillus]
20 529 SPbeta prophage-derived reffWP_060399169.1|[MULTISPECIES: BppU family 100% (529/529) 0.0
uncharacterized protein YomR phage baseplate upper protein [Bacillus subtilis]
21 123 SPbeta prophage-derived refl WP_060399168.1|MULTISPECIES: hypothetical 100% (123/123) 5E-85
uncharacterized protein YomQ protein [Bacillus subtilis]
22 57 Hypothetical protein reflWP_080429041.1MULTISPECIES: XkdX family 100% (57/57) 4E-34
protein [Bacillus subtilis]
23 70 SPbeta prophage-derived I'CﬂWP_O31600555. 1 |MULTISPECIESZ hypothetical 100% (70/70) SE-43
protein BhlAholin family  protein [Bacillus]
24 87 Holin reflWP_060399167.1)]MULTISPECIES: phage holin 100% (87/87) 2E-55
[Bacillus subtilis]
25 325  Endolysin reflWP_060399166.1[MULTISPECIES: 100% (325/325) 0.0
peptidoglycan-binding protein [Bacillus subtilis]
26 152 SMI1/KNR4 family protein reffWP_060399165.1[MULTISPECIES: SMI1/KNR4 100% (152/152) 5E-105
family protein [Bacillus subtilis]
27 589 T7SS effector LXG reflWP_060399164.1|MULTISPECIES: T7SS effector 100% (589/589) 0.0
polymorphic toxin LXG polymorphic toxin [Bacillus subtilis]
28 370 Response regulator reflWP_060399163.1|MULTISPECIES: tetratricopeptide 100% (370/370) 0.0
aspartate phosphatase repeat protein [Bacillus subtilis]
29 44 Hypothetical protein ref| CAF1840838.1|hypothetical protein NRS6167_02201 100% (44/44) 4E-21
[Bacillus subtilis]
30 62 Hypothetical protein reflWP_060399162.1|hypothetical protein [Bacillus 100% (62/62) 1E-36
subtilis]
31 181 Hypothetical protein ref|WP_060399161.1|MULTISPECIES: hypothetical 100% (181/181) 2E-126
protein [Bacillus subtilis]
32 71 Hypothetical protein reflWP_060399160.1|MULTISPECIES: hypothetical 100% (71/71) 7E-45
protein [Bacillus subtilis]
33 203 Hypothetical protein reflWP_060399159.1]MULTISPECIES: hypothetical 100% (203/203) 3E-145
protein [Bacillus subtilis]
34 80 Hypothetical protein refflWP_060399158.1|MULTISPECIES: hypothetical 100% (80/80) 8E-51
protein [Bacillus subtilis]
35 76 DNA-binding protein reffWP_060399157.1MULTISPECIES: DNA-binding 100% (76/76) 4E-45
protein [Bacillus subtilis]
36 84 Hypothetical protein ref[POD84434.1|hypothetical protein S101384 03525 100% (84/84) 2E-54
[Bacillus subtilis subsp. subtilis]
37 29 Hypothetical protein refl CAF1840716.1|hypothetical protein NRS6167_02193 100% (29/29) 3E-11
[Bacillus subtilis]
38 475 Recombinase family ref[PPA37087.1|recombinase family protein [Bacillus 100% (475/475) 0.0
protein subtilis]
(158)
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Ex3))
ORF Size (aa) Prediction function Top BLAST hit* Identity® (aa) E value®
39 148 ImmA/IrrE family reflWP_060399203.1|MULTISPECIES: ImmA/IrtE 100% (148/148) 6E-106
metallo-endopeptidase family metallo-endopeptidase [Bacillus]
40 144 Helix-turn-helix refflWP_060399202.1MULTISPECIES: helix-turn-helix = 100% (144/144) 9E-99
transcriptional regulator  transcriptional regulator [Bacillus subtilis]
41 90 Helix-turn-helix reflWP_060399201.1|]MULTISPECIES: helix-turn-helix  100% (90/90) 4E-58
transcriptional regulator  transcriptional regulator [Bacillus]
42 51 Hypothetical protein reflWP_166638362.1|MULTISPECIES: hypothetical 100% (51/51) 3E-27
protein [Bacillus]
43 91 Hypothetical protein reflWP_041055414.1)]MULTISPECIES: hypothetical 100% (91/91) 3E-59
protein [Bacillus]
44 45 Hypothetical protein reffWP_164906783.1MULTISPECIES: hypothetical 100% (45/45) 6E-24
protein [Bacillus]
45 184 Host-nuclease inhibitor reffWP_060399200.1MULTISPECIES: host-nuclease 100% (184/184) 2E-130
Gam family protein inhibitor Gam family protein [Bacillus subtilis]
46 312 AAA family ATPase reffWP_060399199.1MULTISPECIES: AAA family 100% (312/312) 0.0
ATPase [Bacillus subtilis]
47 65 Hypothetical protein reffWP_019260095.1)]MULTISPECIES: hypothetical 100% (65/65) SE-38
protein [Bacillus]
48 146 DUF669 reflWP_060399198.1]MULTISPECIES: DUF669 100% (146/146) 1E-104
domain-containing protein domain-containing protein [Bacillus subtilis]
49 805 Phage/plasmid primase refflWP_060399197.1|MULTISPECIES: phage/plasmid ~ 100% (805/805) 0.0
primase, P4 family [Bacillus subtilis]
50 145 Hypothetical protein reffWP_060399196.1MULTISPECIES: hypothetical 100% (145/145) 6E-102
protein [Bacillus subtilis]
51 179 ERCC4-type nuclease reflWP_060399195.1|]MULTISPECIES: ERCC4 100% (179/179) 4E-128
domain-containing protein [Bacillus subtilis]
52 171 Putative phage reflWP_060399194.1)MULTISPECIES: putative 100% (171/171) 1E-123
metallopeptidase metallopeptidase [Bacillus subtilis]
53 54 Hypothetical protein ref| CAF1841383.1]hypothetical protein NRS6167 02237 100% (54/54) 2E-31
[Bacillus subtilis]
54 251 DNA cytosine reflWP_060399193.1|]MULTISPECIES: DNA cytosine 100% (251/251) 0.0
methyltransferase methyltransferase [Bacillus subtilis]
55 125 ArpU family transcriptional reff WP_019260088.1|MULTISPECIES: ArpU family 100% (125/125) 7E-84
regulator transcriptional regulator [Bacillus subtilis]
56 157 Hypothetical protein reffWP_060399191.1]MULTISPECIES: hypothetical 100% (157/157) 3E-112
protein [Bacillus subtilis]
57 200 Hypothetical protein reffWP_060399190.1/MULTISPECIES: hypothetical 100% (200/200) 2E-143
protein [Bacillus subtilis]
58 104 Hypothetical protein reffWP_060399189.1MULTISPECIES: hypothetical 100% (104/104) 3E-69
protein [Bacillus subtilis]
59 122 Hypothetical protein reffWP_060399188.1|MULTISPECIES: hypothetical 100% (114/114) 4E-79
protein [Bacillus subtilis]
60 127 HNH endonuclease reflWP_060399187.1|]MULTISPECIES: HNH 100% (121/121) 6E-86
endonuclease [Bacillus subtilis]
61 73 Hypothetical protein ref] CAF1841293.1 hypothetical protein NRS6167 02230 100% (73/73) SE-44
[Bacillus subtilis]
62 171 Terminase small subunit  reffWP_060399186.1|MULTISPECIES: phage terminase 100% (171/171) 2E-123

small subunit P27 family [Bacillus subtilis group]

. The most closely related protein and its organism. “No hits’” indicates no significant hits detected for a particular amino acid
sequence. *: Percent Per identity for top hits in BLASTP searches. Numbers in parentheses provide length of each alignment. °: The
probability of obtaining a match by chance as determined by BLASTP analysis.
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Bsu-yong1 ) ORF24 {3 % & holin &[4,
Holin 2 W5 R AR Zr i 1 /N5 JRE AR 1), 7P e T 44
TR 5 R B R) PN TR T 3 A0 OB IR
SEVEZEAL, DT A i A A SR B A Y B
HAE S AR N 18] A5 2 1 4 . /T Holin 1]
DA 4 e TR A Bk e TR I e el Ry ol ik
PR (i 4R 2T . ORF25 #7524 endolysin
LA, WERE KR Endolysin J2 Bk 58 M /K i i
WA NN R, XN AI i i, BA iy
S, AR IR R A R S 5 R R Y g
PR ZE L 2% 7E A0 M S R AL, (A N &
AT DA IE 20 77 240 f R - A JOR SR A5, Ik 4
TR 200 PR RE AT U)K AR, e 2 B TR 2L
BT,

Bsu-yongl [ ORF45 % il A dmtdhfs £ 4%
PR I il 2 1 (host-nuclease inhibitor Gam family
protein), ORF60 #¢ 7l 4y 2% HNH 2 N DI it
(HNH endonuclease), #3554 W5 i (A3
RIZH U A& 3 1 2 HE D 4 b o AR N VT AT LA
Y18 E W RSP 5, B S 7E 18 FAX IR
A ERT, WEEAHREE DNA fEfifE &
BLDHZH DNA Z [A1EA 7 [ 5 i 21 200,

7 R 5 P17 K (toxin-antitoxin) 7£ 41 B 4 %
DAIE W AT FER A 5w e S bl 3 E B
Bsu-yong1 [ ORF26 # #iill & 45fih SMI1/KNR4
FWEE . SMII/KNR4 family protein | VZ f£7E
TR FEAY IR T DNA e th B Hi
I PG P Bk L b g e B, AT L T iR
A L BE 2 T R R AR, EAE AR R
(antitoxin) W T BRI EBEREPTE, DAAE UL AR )
iR R, 4iA% SMI1/KNR4 family protein
R W) 2 TIAAREFER
(Lactobacillus) . #f BR 1 J& (Sreptococcus) .

Geobacillus, + 21 )& (Listeria) . ZF LA
Ji (Bacillus) % 4l i H1 %), Zhang ZECHEF TR £
R B AR, A ) SMIT/KNR4 F %
ST TE I S 8 1 o 2% DR A 0 3R B 4
SMI1/KNR4 ZRE R EEHE T ZfF7E T DNA
o mE R B I TR A B A 2 3k R AT RE A R
185 3 B TE 0 RN EREE IS W H RS AR AL, DAA
TR B &, BARHLEA R R A .

Bsu-yong1 i ORF27 ¥ 7 E B M 4fih T7SS R £
LXG £ & M # & (T7SS effector LXG
polymorphic toxin). #if%h LXG polymorphic toxin
HY LR DA H i 1B A A T 22 IR, 3
HofE BE Bk B P Bk R GE B £ PP LXG
polymorphic toxin ¥ & 4 W15 2 2 5 0E
B, J&T VI B R 4 (type VII secretory
system, T7SS), # 4% 2% [G BH M 41 1 ol e rg 32
B A M 0 T BE o B EE AR A
PRAE VR 1 0T [ S L B 45 v 108 JEC At o 288 17%) 448 AT
oy [R] i R T U5 B B AR (closely related strains).

Chatterjee 2P RF oY LB, BEBRE F KM LXG
BER W B MR PRI, 300 [F]— PR ) A
2R LXG SR E, BRAEE 2K
PR TR 2 A= F5HTAE R A1, R 0 A 240 7 ) ¢
Bl o PR AEAEPUYE T A 2 BRI H 1Y) essB A
PERER ) F IR BEMH] T7SS RER LM LXG #
RIFENE DB 2 R PR AR 2 b S5
BRIEA B IRE LR A PR R
2 IRPH TR SIZEE R ARG C R AN B, 21
T7SS RGAIKHI LXG BE R ATE X — L 455
W LXG B2 AL N A 5 22 QB 1 32 R 7 -5 H At
TR R (0 o 9 AR I 38 4 v (S 48 DR A0 T

%ihS LXG polymorphic toxin A& PR A 75 Wk T {4
R R, RiE, ASUEE I KL, 5
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HHIE FZRIMAHEAER S T & ENA
AL, — 5 T 3238 A DA D A R B MR A
B FF AL Z R BT rEAILEL ; 53— TH , e aEn]
DATEIL DNA Gl 78 i AT F2 08 B A5 s 5L
R, PASRAHE N PEE# . Bsu-yongl X ~85 11 3&
DK AT RS BiAE ETE S AR BRI 55 v ] BRI 34
Bsu-yongl /] ORF39 #{{FE A%t ImmA/IrE
FBHE H(ImmA/IrtE family protein), ImmA/ItE
KR XFR ImmA/IrE 2R 4 & N KT .
ImmA/IrE % J& & A 2 % & - 9t # R
(toxin-antitoxin) 2 4t ToxN/AbiQsystem ) i¥ 51 o
Horbr immA JE R & A A R 2R AT R e
Wk BRI 1) P 8 Bl DRt AR DT T I A7 A, e ]
sk, TEE . ORI S LHER C 1
FRAPEFNT, ME T L HTRE S oo
(B4 ICEBs ) EY/K-F-567%5 . DNA B2 M5 fir
FILR Y FS 55% , ImmA/IeE 48 )@ 85 1 B RE i PR PH.
1% 1 (ImmR/Ddro), MM A immA/rrE B
DR B A 3R AT S R0 A, g P A T 3
i) ImmA H 32 5T TE 3240 S i
XA S B e 3 HE P A B A AR D
Bsu-yongl #4 BE R s R AN T ae A BT
ity A 2 AR TR 1) PRI L 5

Bsu-yongl f) ORF1 £l ORF62 43 5|k i
R Gt AR s R S /NI, AT e g TR AR AR 4
Pt A, — A DNA {4 5 ok 414 Fn st
PIE AT 2H o FR A i /N 7 5 7 22 43— 1
YR, EREREIK DNA, JF HE %405
Ryl R AL, W& i#H4T DNA 1 PIHIAf
e o HIR, AR Il S RN A i il NS A o] 5
It SE A WA BR 285 5 1) - ML o AN T 2 0570
2.5 LIt

TEH T IR ZHF) ) proteomic tree H,
Bsu-yongl 5ZFfIFFEBERK sv105. rhol4 Al
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vB_BteM-A9Y RAE—id, JERL 1 DS ik
¥ (clade), {H Bsu-yongl 5 i $Lg & 1A i1 AL IE
B 5). 4+ Bsu-yongl 5 A E B
AWERARVELT XS, 1528 PASC (R4
TR TSI B RAE R 46.72% (£ 2), 5
Bsu-yong ELA K PASC 1B (142 2F A AT I W B
& vB_BteM-A9Y, iX 5 BLASTn F1) 4% 5 — 3 (n
HIPrA, 7€ BLASTn HuXtH, 5 Bsu-yong £
HEA AR FIE R4 vB_BteM-A9Y),
PASC TEZ 73 M T 2 J2& B bR B8 40 28 & D &%
ICTV #E4E B9 T 0 M A 1 Ry 90 AH B RE 19 I
B, ICTV F B4 5 #9575 3 25 (Bacterial
and Archaeal Viruses Subcommittee, BAVS)J T
I TR 1A 1 R AR PASC<70% K 1 MBI
J&MOL WA K Bsu-yong1 5 FrAT B HINE B 1A 8] Y
PASC {HY /N Tz A, #iH] Bsu-yongl 764
FE 4K (Caudoviricetes) Ft3E 1 SRR -

MR G AR (& 5)] UL, Bsu-yongl .
sv105, rhol4 fil vB BteM-A9Y 4 /Y clade 5
Sl it TR AR [ LA AR e A R 8, X — PR B K
THENT ZHFH s eiE g 251 8o, &
fITATBER AL 1 BT R RH (family). 7EIZFHH, H
£ sv105 7E PR BE R 123 ICTV 2R R
Girpplie LT EA, BETAHRNTM 1
Aphsr B8 Spizizenvirus®, 7E ICTV 4HTHI4>
KRG, Spizizenvirus sv105 & Spizizenvirus
J& I ME — B . R AR (B 5) BoR,
Spizizenvirus sv105 5 rhol4 [a] AL EE S /N —
H I ANI{E 93.49% (K 2), /NFRESL—Fh
P FUE(95%), BRI 35 3 sl ks i, —
161 PASC {14 84.85%, K T J@ i1 R (70%),
R, @30 rhol4 /2l Spizizenvirus J& %6 2
A5 . vB_BteM-A9Y 5 Bsu-yongl. sv105.
rhol4 [AlfY) PASC {HIIMR T 70%, [Hifi, BIEE
1 D HJE o
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0.001

Left line: Virus family/genus

- Duneviridae (2)
Helgolandviridae (1)
Forsetiviridae (2)
Aggregavividae (1)
Pachvviridae (2)
Assiduviridae (2)
Suoliviridae (2)
Steigviridae (2)
Intestiviridae (2)
Crevaviridae (2)
Herelleviridae (2)
Salasmaviridae (2)
Guelinviridae (2)

- Rountreeviridae (2)
Spizizenvirus (1)
Winoviridae (2)

. Molycolviridae (2)
Peduoviridae (2)
Casjensviridae (2)
Mesyanzhinovviridae (2)
Zierdtviridae (2)
Orlajensenviridae (2)
Drexlerviridae (2)
Naomviridae (1)
Colwellvirinae (2)
Pervagoviridae (2)
Zobellviridae (2)
Chaseviridae (2)
Schitoviridae (2)
Vilmaviridae (2)
Demerecviridae (2)
Straboviridae (2)
Aggregaviridae (2)

Right line: Host group

Bacteroidetes (16)
Firmicufes (14)
Proteobacteria (23)

Actinobacrteria (6)

I Others (8)

0.005 0.0l 0.05 0.1 054 <
& Unahavirus uwwl1H (NC_031911) [39,290 nt]
—_ Labanvirus laban (NC_048834) [43,236 nt]
Leefvirus Leef (MT732473)[37,547 nt]
—+ — Freyavirus freya (MT732463)[43,978 nt]
— Freyavirus danklef (MT732458)[47,186 nt]

Harrekavirus harreka (MT732457)[43,175 nt]

Baltivirus phil3duo (NC_021803) [72,369 nt]
Baltivirus phil9tres (NC_021789) [75,994 nt]
Nekkelsvirus Nekkels (MT732443)[53.385 nt]
Cellubavirus phil9una (KC821607)[57,447 nt]

Blohavirus americanus (MT774396)[101,153 nt]
_+—: Canhaevirus faccalis (MZ130482)[99,704 ni]
—— Kehishuvirus splanchnicus (MT774388)[102,301 nt]

e Kahnovirus copri (MZ130483)[93,564 nt]

Fohxhuevirus gastrointestinalis (MT774384) [92,668 nt]
Carjivirus hominis (MZ130481)[98,001 nt]

Kingevirus communis (MZ130490) [92,132 nt]
Kahucivirus intestinalis (MT774393) [83,412 nt]

Bastillevirus bastille (NC_018856) [153,962 nt]

Beguatrovirus B4 (NC_018863) [162.596 nt]
Claudivirus claudi (NC_031015) [26,502 nt]
Claudivirus aurora (NC_031121)[25,905 nt]
Brucesealvirus CPS2 (NC_048707) [17,961 nt
Brucesealvirus CPTR (NC_017980) [18,397 nt

Rosenblumvirus rv44 AHID (NC_004678) [16,784 nt]
Rosenblumvirus rv66 (NC_007046) [18,199 nt]

Brevibacillus phage Jimmer2 (NC_041976) [54,312 nt]
Bacillus phage PBP180 (KC847113) [28,205 nt]
Bacillus phage vB_BteM-A9Y (ON528935) [38,634 nt]

Baeillus phage rhol4 (OM236514) [39,654 nt]
Pippivirus pippi (MN812205) [34,711 nt]

Pippivirus lotta (MN812203)[34,751 nt]

I ollyvirus molly (MT732451) [124,695 nt]
Mollyvirus co!g) (MT732450)[124,169 nt]
Tigrvirus phiE094 (NC_055911) [37,727 nt]

Peduovirus YPM22 (NC_055844) [31,809 nt]
Chivirus BSPM4 (NC_048655) [59,097 nt]

Kokobelvirus kekobelT (NC_052979) [59,837 nt]

A
r
et
p )
o
p S
§
*
{ YrBacillus phage Bsu-yongl (OP918669) [43,713 nt]
% . ] Spizizenvirus sv105 (NC_048631) [39,318 nt]
4
t
Iy
)
o
j « S|
—_—
) S
J_— Abidjanvirus ZC01 (NC_052965) [57,061 nt]

L o
T Epaguintavirus Epa5 (NC_052964) [64,096 nt]
Fr)xgm'ovirm' emianna (NC_055771) [68,190 nt]
. Sukkupivirus sukkupi (NC_055820) [66,184 nt]
Efkovirus efeko (N870529_41) [17,491 nt]
Paopuvirus paopu (NC_052932) [17,362 nt]
— Rogunavirus Jk06 (NC_007291) [46,072 nt]
— Ritpvirus Rtp (NC_007603) [46,219 nt]
Noahvirus arc (NC_055826) [75,087 nt]
ﬂ’ Caroctavirus CR8 (NC_023548) [39,651 nt]
Gutovirus Vel (NC_047746) [44,541 nt]
te s Callevirus phi3Suna (NC_021796) [72,534 nt]
] Callevirus Calle (MT732432) [72,979 nt]
1 — Citrovirus coptotermitis (NC_027988) [47,636 nt]
- Paundecimvirus PA11 (NC_007808) [49,639 nt]
]  — Loessnervirus Y2 (NC_019504) [56,621 nt]
T Carltongylesvirus GJ1 (NC_010106) [52,975 nt]
Y E— Johnsonvirus Ea92 (NC 023579) [75,568 nt]
—_— Gamaleyavirus APECT (NC_024790) [71,778 nt]

Faithunavirus guuelaD (NC_053508) 76,315 nt]

Lumosvirus lumos (NC_053504) [75,586 nt]
Epseptimavirus stitch (NC_027297) [123,475 nt
Epseptimavirus EPST (NC 010583) [111,382 nt

—
—
i
*
Ceceduovirus cc2 (NC_019538) [231,743 nt]
_+—: Slopekvirus kpl5 (NC_014036) [174,436 nt]
— Agtrevirus AG3 (NC_013693) [158,006 nt]
—

Taipeivirus 050TKN3T (NC_022343) [159,991 nt]

5 ETFT£EFELHM proteomic tree

Figure 5 Proteomic tree of Bsu-yongl, Spizizenvirus sv105, Bacillus phage rhol4, Bacillus phage
vB_BteM-A9Y, Brevibacillus phage Jimmer2, Bacillus phage PBP180, and 61 classified phages of the 33
families of Caudoviricetes,

A RE(E 6)Ew, FrdfEAdh  SMII/KNR4 K J% & M (SMII/KNR4  family
(R TR AR ) 1 2 ) S R s B LA S RS, protein) . T7SS ZNi#R LXG MR R (T7SS
AR BRASBIZER SN, K IEREI AR R effector LXG polymorphic toxin), W& J##% FK
T 64%, ZFEIERHK 0 58V EAIEN & & B ¥ PR i (response regulator aspartate
MK R 46% 4. ZFHN 4 DMWERFAIEA  phosphatase) . DNA %% & # 1 (DNA-binding
A% .0 FE A (core gene) 29 A, Wi . protein) . T ZH il 52 % % [1 (recombinase family
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protein), ImmA/ItE K% 4 & W K EE(ImmA/IrrE
family metallo-endopeptidase). H-T-H #% 53¢ 4%
[A-F-(H-T-H transcriptional regulator)., 15 F#%MR
RN Gam ZE % H (host-nuclease inhibitor
Gam family protein), AAA FKJ&E ATP [iff(AAA
family ATPase). 7 DUF669 %% )38 i & 11
(DUF669 domain-containing protein) . JFUH. 5
(plasmid primase) ,ERCC4 A% R iff(ERCC4-type
nuclease) . W B & 4 J8 K fiff (putative phage
metallopeptidase) . DNA fifg & i HH JL 54 R i (DN A
cytosine methyltransferase)fll ArpU ZJ55% 5t
2N ¥ (ArpU family transcriptional regulator),

Bsu-yongl S5WERFA sv105 3£ 31 /> ORF A &
A AL (64%—100%), 5 Bsu-yongl 43 ORF

B 50%, BATRE 12 AR 5 R R
ORF. 4 M5E5HIH12EH ORF ., 2 5 24fEAHC
) ORF. 11~5 DNA fa3¢4HHCHT ORF Fl 12 4
K H I HE ) ORF . Bsu-yongl 5 I B Ik
vB BteM-A9Y £ 31 4~ ORF 4 &AL
(64%—100%), 5 Bsu-yongl 43 ORF fit] 50%,
AR 12 S EEG SEPEMECH ORF,
4 AN HEERFISE) ORF , 2 4~ 5 24# A C ) ORF
13 DNARFNIIEER ORF, Bsu-yongl S5WERF A
thold 3L # 26 4~ ORF A & i 4 L &
(64%—-100%) , 5§ Bsu-yongl 4 #8 ORFs )
41.93%, EAMLFE 10 52 il 5 45 AH 4 ORF
2 A5 EEF A SE ) ORF | 1 A~ 24 A 55 %) ORF
113 A ARHTIHER) ORF,

%2 FHEIFEMEE KX Bsu-yongl. vB_BteM-A9Y. sv105 #0 rhol4 8% F B INE 5 Hr{E
Table 2 The genome similarity analysis of prophage Bsu-yongl, vB_BteM-A9Y, sv105, and rho14

Phage BLSATn (%) ANI (%) isDDH (%) PASC (%)
Bsu-yongl
Bacillus phage rho14 25 83.12 18.80 46.44
Bacillus phage vB_BteM-A9Y 28 93.14 20.20 46.72
Spizizenvirussv105 24 79.72 18.80 44.86
rhol4
Bacillus phage vB_BteM-A9Y 26 85.02 19.40 4338
Sizizenvirus sv105 88 93.49 86.60 84.85
vB_BteM-A9Y
Spizizenvirus sv105 34 83.16 20.60 44.70
Bacillus phage vB_BteM-A9Y - B! i N e D =
Bacillus phage yong] mmp- . I "
A \ .'WI//
N
AN \
Spizizenvirus sv 105 H-m b di bk - wmm- Yhr -0
I
Bacillus phage rhol4 - L L
64% [N 100%

[ Packaging [ Structure [MLysis [E Replication and regulationlll Antitoxin [[] Uncharacterized

6 FAFEMEE (K Bsu-yongl. vB_BteM-A9Y. sv105 1 rhol4 gE F 48 LLEE

Figure 6 Genome comparison of the Bacillus prophage Bsu-yongl, vB_BteM-A9Y, sv105, and rhol4.
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3 WwE5&#

URT TR , A DA HE 2E AT P 5 P A 1)
%, FEEPAE PBSX B A 5 B ik
(PBSX-like defective prophages) [~ . PBSX ZE
T J5 W PR AAAE 2T B T 12 A7 . PBSX A
ZH v T-15 £ (B. subtilis 168)4L (414 metA-metC
X1, PBSX AYFEHLIR/IMEATT AL 54 kb 741,
PBSX ki K& PBSX FEWE B {4k AR A 1 A~/
IS IB(EAR 41-45 nm)FI 1 ANHEXTFHAL K £
UL R W TR AR K Y L IR 1 R (K
190-240 nm, $E%Y 18 nm). HLAFFIR M JE, PBSX
Bl R AR T AN 25 [ 2R N4 DNA,
TMSEBENLAL 2 13 kb (975 3 DNA Fy B4,
Okamoto Z£42H), PBSX k[ 5 I i 14K n] B &
A e o 80 e T A a0 A T R g U A G 1Y
PBSX 2 i Wi o AR 4 R ZHOR B AR, Hos
BRLT P R 218 32 DNA B, A
K PBSX J¢ PBSX HEWER A LR ARTEAH £
K, HAR ERE AR5 T A2, IFA
B, RFRBEINEST | HRAEEFE T PBSX
FEWETRAR, JEobr T HEL N, HA EEmF

B RS PBSX A JENE B A 5 i S 1A B
FHE BRI . T FE R PBSX AR
LAEAE T AT B b, X AR i T O R e 2R AT
6] B KE 4685, PBSX 1E 2FfAT kb rp R 45 T
HEEMERAM, ST, s 8a 25T
PR A B A S LA LT R o A B B PBSX
JE I A DY, 3k SR PBSX R T 25 04T 1 Jm 40
B SR ARL ST S AN AT i/ il —3EB 43, T LA Bh g =
M TE 5 2% BRI FR A7 1 ), Buxton ™" 5%
KB, ZEAURT A R 4 b d5e 2k e s R PBSX A
W PRI XSk ) S8 AR AR RS SR I AE RN R, X 3R
B PBSX WIfEA FIT1E EEEFRA RIS

f£1% , Piggot SFHLIER] 1 PBSX MYBlAR 235 M 4
AT ARG 21T A oY R B S AL
WA Bsu-yongl JEHAPIA MR Ralibiim &R
AT 5> B LXG
polymorphic toxin, ImmA/IrrE family protern Fl
SMII/KNR4 family protein, 1, 4if% LXG
polymorphic toxin %) 35 PR2: 1 YR FE W P {4 [R 4
ooRE kBRI i E o axX s O TR Y R B R
Bsu-yong 1 % =g = 9 #5 B aT GEAS 1B FIE R 17k
VRS LA HE AR ) 2E 4k, Bsu-yongl iAREHY Bl
i AL AR ARG P AR AT 5 4 D0 3R B 4 A 36
WG BE ST Ah, Bsu-yongl 45 24 /)~ ORF #f
TN g SR I REHE 1, 4 62 /> ORF [
38.7%. JEZXT Bsu-yongl &R T#E— TR
AEFE, ARA AT e 2 MR A AR R A 5 18 &
MR FR, NBIFTORS B 2 A i A A G L Sy i
PSR AR LB 5 ) Tl

Bsu-yongl 5 A T A1 Mg B {4 5 DR 41 [] 719
PASC {H(<46.73%)31/NF ICTV 52 i & i1 FAE
(70%), B 1 AHHE . RS (K
5), W E K Bsu-yongl . sv105 . rhol4 Al
vB_BteM-A9Y 7E4E T4 5L K 2 7 51 AR DL A4 2t
ARG IR, RS 1 A7 1 clade, 7% clade
55 Ho At W TR A ] i AR FR B R TR R T 281
FHE] A HEAGIE BT 5 3 4 27 ST T T 1R 1) 52 1)
SRR s R, AT 29 ML ER
(core protein). Z5RFE/REN M 1 A-HTA9HH L
MR AR 1 WAL B, S T
Xof 2T TR P W BT AR 9 1 X R
I3 RPN,

(toxin and antitoxin) ,

S5 30l

[1] CLOKIE MRIJ, MILLARD AD, LETAROV AV,
HEAPHY S. Phages in nature[J]. Bacteriophage, 2011,
1(1): 31-45.

http://journals.im.ac.cn/actamicrocn



3920

LIU Wencai et al. | Acta Microbiologica Snica, 2023, 63(10)

[11]

FORTIER LC, SEKULOVIC O.
prophages to evolution and virulence of bacterial
pathogens[J]. Virulence, 2013, 4(5): 354-365.

LOSM, CZYZ A, SELL E, WEGRZYN A,
NEUBAUER P, WEGRZYN G. Bacteriophage

contamination: is there a simple method to reduce its

Importance of

deleterious effects in laboratory cultures and
biotechnological factories?[J].
Genetics, 2004, 45(1): 111-120.
WEINBAUER MG. Ecology of prokaryotic viruses[J].
FEMS Microbiology Reviews, 2004, 28(2): 127-181.

P, BRmZR. SUEY#IM. 8 M. dbat: mSHHE

HRR AL, 2016.

Journal of Applied

SHEN P, CHEN XD. Microbiology[M]. 8th ed. Beijing:

Higher Education Press, 2016 (in Chinese).

SONG WC, SUN HX, ZHANG C, CHENG L, PENG
Y, DENG ZQ, WANG D, WANG Y, HU M, LIU WE,
YANG HM, SHEN Y, LI JH, YOU LC, XIAO MF.
Prophage hunter: an integrative hunting tool for active
prophages[J]. Nucleic Acids Research, 2019, 47(W1):
W74-W80.

TOUCHON M, SOUSA JAM, ROCHA EPC.
Embracing the enemy: the diversification of microbial

gene repertoires by phage-mediated horizontal gene

transfer[J]. Current Opinion in Microbiology, 2017, 38:

66-73.

REIS-CUNHA JL, BARTHOLOMEU DC, MANSON
AL, EARL AM, CERQUEIRA GC. ProphET,
prophage estimation tool: a stand-alone prophage
sequence prediction tool with self-updating reference
database[J]. PLoS One, 2019, 14(10): ¢0223364.

REN JJ, HE WH, LI CY, HE S, NIU DZ. Purification
and identification of a novel antifungal protein from
Bacillus subtilis XB-1[J]. World
Microbiology and Biotechnology, 2019, 35(10): 1-7.
REE, RELE, Mill5H. &8 RUEHE KM T
WERESET N0, FH 5% E, 2019,
51(10): 127-130.

ZHU J, ZHU HJ, QU XY. Odor of livestock and
poultry and application of Bacillus subtilis to them[J].
Animal Husbandry & Veterinary Medicine, 2019,
51(10): 127-130 (in Chinese).

Journal of

X%, Whit, HEITZE. AR IR DA A A R IR iR R
WP S FH BF ST BE R (D). GEREBIE SE, 2020, 43(2):
113-116.

<l actamicro@im.ac.cn, & 010-64807516

[14]

[16]

[18]

[19]

LIU X, YAO J, XIA YJ. Research progress on the
application of Bacillus subtilis in solid-state fermented
feed[J]. Feed Research, 2020, 43(2): 113-116 (in Chinese).
FLLHE, AN, WA, BN MR CF AT
o—JE Y Tl L R 7R A RS 2 FUFT B v 5 2RIA ). 1L
MR, 1997, 37(2): 101-106.

WANG HG, LI WQ, XU BN, LUO JX. Inducible
expression of a-amylase gene of Bacillus licheniformis
in Bacillus subtilis[J]. Acta Microbiologica Sinica,
1997, 37(2): 101-106 (in Chinese).

FRIEDMAN DI, OLSON ER, GEORGOPOULOS C,
TILLY K, HERSKOWITZ I, BANUETT F. Interactions
of bacteriophage and host macromolecules in the
growth of bacteriophage lambda[J].
Reviews, 1984, 48(4): 299-325.
MIRZAEI MK, MAURICE CF. Ménage a trois in the
human gut: interactions between host, bacteria and
phages[J]. Nature Reviews Microbiology, 2017, 15(7):
397-408.

ANDERSON LM, BOTT KF. DNA packaging by the
Bacillus subtilis defective bacteriophage PBSX[J].
Journal of Virology, 1985, 54(3): 773-780.

MAUEL C, KARAMATA D. Characterization of
proteins induced by mitomycin C treatment of Bacillus
subtilig[J]. Journal of Virology, 1984, 49(3): 806-812.
PIGGOT PJ, BUXTON RS.
PBSX-induced deletion mutants of Bacillus subtilis
168 alkaline
Microbiology, 1982, 128(4): 663-669.
ARNDT D, MARCU A, LIANG YJ, WISHART DS.
PHAST, PHASTER and PHASTEST: tools for finding
prophage genomes|[J].
Bioinformatics, 2019, 20(4): 1560-1567.
AZIZ RK, BARTELS D, BEST AA, DEJONGH M,
DISZ T, EDWARDS RA, FORMSMA K, GERDES S,
GLASS EM, KUBAL M, MEYER F, OLSEN GJ,
OLSON R, OSTERMAN AL, OVERBEEK RA,
MCNEIL LK, PAARMANN D, PACZIAN T,
PARRELLO B, PUSCH GD, et al. The RAST Server:
rapid annotations using subsystems technology[J].
BMC Genomics, 2008, 9: 75.

POTTER SC, LUCIANI A, EDDY SR, PARK Y,
LOPEZ R, FINN RD. HMMER web server: 2018
update[J]. Nucleic Acids Research, 2018, 46(W1):
W200-W204.

Microbiological

Bacteriophage

constitutive  for phosphatase[J].

in bacterial Briefings in



XUSCARE | A4k, 2023, 63(10)

3921

[21]

[22]

(23]

[26]

(28]

[29]

ZIMMERMANN L, STEPHENS A, NAM SZ, RAU D,
KUBLER J, LOZAJIC M, GABLER F, SODING J,
LUPAS AN, ALVA V. A completely reimplemented
MPI bioinformatics toolkit with a new HHpred server
at its core[J].
430(15): 2237-2243.

BAO YM, CHETVERNIN V, TATUSOVA T.
Improvements
(PASC): a
classification[J]. Archives of Virology, 2014, 159(12):
3293-3304.

SULLIVAN MJ, PETTY NK, BEATSON SA. Easyfig:
a genome comparison visualizer[J].
2011, 27(7): 1009-1010.

FIGUERAS MJ, BEAZ-HIDALGO R, HOSSAIN MJ,

LILES MR. Taxonomic affiliation of new genomes

Journal of Molecular Biology, 2018,

to pairwise sequence comparison

genome-based web tool for virus

Bioinformatics,

should be verified using average nucleotide identity

and multilocus phylogenetic analysis[J]. Genome
Announcements, 2014, 2(6): €00927-14.

MEIER-KOLTHOFF JP, AUCH AF, KLENK HP,
GOKER M.
delimitation with confidence intervals and improved

BMC Bioinformatics, 2013,

Genome sequence-based  species
distance functions[J].
14(1): 1-14.

JIN TT, ZHANG XM, ZHANG Y, HU ZS, FU ZW,
FAN JP, WU M, WANG Y, SHEN P, CHEN XD.
Biological and genomic analysis of a PBSX-like
defective phage induced from Bacillus pumilus
AB94180[J]. Archives of Virology, 2014, 159(4):
739-752.

WANG IN, SMITH DL, YOUNG R. Holins: the
protein clocks of bacteriophage infections[J]. Annual
Review of Microbiology, 2000, 54: 799-825.
RODRIGUEZ-RUBIO L, MARTINEZ B, DONOVAN
DM, RODRIGUEZ A, GARCIA P. Bacteriophage
virion-associated peptidoglycan hydrolases: potential
new enzybiotics[J]. Critical Reviews in Microbiology,
2013, 39(4): 427-434.

KIM YG, CHA J, CHANDRASEGARAN S. Hybrid
restriction enzymes: zinc finger fusions to Fok I
cleavage domain[J]. Proceedings of the National
Academy of Sciences of the United States of America,
1996, 93(3): 1156-1160.

WILLIAMS RJ. endonuclease[J].
Molecular Biotechnology, 2003, 23(3): 225-243.

Restriction

[31]

[32]

[33]

[35]

[38]

[39]

LESAGE G, SDICU AM, MENARD P, SHAPIRO J,
HUSSEIN S, BUSSEY H. Analysis of B-1,3-glucan
assembly in Saccharomyces cerevisiae using a
synthetic interaction network and altered sensitivity to
caspofungin[J]. Genetics, 2004, 167(1): 35-49.

TREMBLAY O, THOW Z, GEDDES-MCALISTER J,
MERRILL A.

ADP-ribosyltransferase toxins are revealed from in

Several new putative Dbacterial
silico data mining, including the novel toxin vorin,
encoded by the blight
amylovora[J]. Toxins, 2020, 12(12): 792.

SURACHAT K, SANGKET U, DEACHAMAG P,
CHOTIGEAT W. In silico analysis of protein toxin and
SD1
genome and available online databases[J]. PLoS One,
2017, 12(8): e0183548.

ZHANG DP, IYER LM, ARAVIND L. A novel

immunity system for bacterial nucleic acid degrading

fire pathogen Erwinia

bacteriocins from Lactobacillus paracasei

toxins and its recruitment in various eukaryotic and
DNA viral systems[J]. Nucleic Acids Research, 2011,
39(11): 4532-4552.

TRAN HK R, GREBENC DW, KLEIN TA, WHITNEY
JC. Bacterial type VII secretion: an important player in
host-microbe and microbe-microbe
Molecular Microbiology, 2021, 115(3): 478-489.
CHATTERJEE A, WILLETT JLE, DUNNY GM,
DUERKOP BA. Phage sub-lethal
antibiotic exposure mediate Enterococcus faecalis type

interactions[J].

infection and

VII secretion system dependent inhibition of bystander
bacteria[J]. PLoS Genetics, 2021, 17(1): €1009204.

GOMEZ LA, ALVAREZ FI, MOLINA RE,
SOTO-SHARA R, DAZA-CASTRO C, FLORES MR,
LEON Y, ONATE AA. A

metalloproteinase of Brucella abortus is required in the

zinc-dependent

intracellular adaptation of macrophages[J]. Frontiers in
Microbiology, 2020, 11: 1586.

LIN H, SIMON MN, BLACK LW. Purification and
characterization of the small subunit of phage T4
terminase, gpl6, required for DNA packaging[J].
Journal 1997, 272(6):
3495-3501.

BLACK LW. DNA packaging and cutting by phage
terminases:

mechanism[J]. BioEssays, 1995, 17(12): 1025-1030.

of Biological Chemistry,

control

in phage T4 by a synaptic

http://journals.im.ac.cn/actamicrocn



3922 LIU Wencai et al. | Acta Microbiologica Snica, 2023, 63(10)
[40] ADRIAENSSENS EM, SULLIVAN MB, KNEZEVIC Bacteriology, 1990, 172(5): 2667-2674.
P, ZYL LJ, SARKAR BL, DUTILH BE, [43] THURM P, GARRO AJ. Bacteriophage-specific
ALFENAS-ZERBINI P, LOBOCKA M, TONG YG, protein synthesis during induction of the defective
BRISTER JR, MORENO SWITT AI, KLUMPP J, Bacillus subtilis bacteriophage PBSX[J]. Journal of
AZIZ RK, BARYLSKI J, UCHIYAMA J, EDWARDS Virology, 1975, 16(1): 179-183.
RA, KROPINSKI AM, PETTY NK, CLOKIE MRJ, [44] OKAMOTO K, MUDD JA, MARMUR J. Conversion
KUSHKINA AI, et al. Taxonomy of prokaryotic of Bacillius subtilis DNA to phage DNA following
viruses: 2018-2019 update from the ICTV bacterial and mitomycin C induction[J]. Journal of Molecular
archaeal viruses subcommittee[J]. Archives of Biology, 1968, 34(3): 429-437.
Virology, 2020, 165(5): 1253-1260. [45] MCDONNELL GE, WOOD H, DEVINE KM,
[41] TURNER D, KROPINSKI AM, ADRIAENSSENS EM. MCCONNELL DJ. Genetic control of bacterial suicide:
A roadmap for genome-based phage taxonomy[J]. regulation of the induction of PBSX in Bacillus subtilig[J].
Viruses, 2021, 13(3): 506. Journal of Bacteriology, 1994, 176(18): 5820-5830.
[42] WOOD HE, DAWSON MT, DEVINE KM, [46] BUXTON RS. Selection of Bacillus subtilis 168

MCCONNELL DJ. Characterization of PBSX, a
defective prophage of Bacillus subtilis[J]. Journal of

<l actamicro@im.ac.cn, & 010-64807516

mutants with deletions of the PBSX prophage[J].
Journal of General Virology, 1980, 46(2): 427-437.



