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Isolation, identification, and whole genome sequencing of
Bacillus cereus SCBCMO001 from forest musk deer (Moschus
berezovskii)

LIU Jie', WU Xi', DING Hui', LI Yimeng', FU Wenlong?, ZHOU Lei’, CHENG Jianguo?,
WU Jie?, YANG Kaiwei', LUO Yan"'

1 College of Veterinary Medicine, Sichuan Agricultural University, Chengdu 611130, Sichuan, China
2 Sichuan Institute of Musk Deer Breeding, Dujiangyan 611800, Sichuan, China

Abstract: [Background] Bacterial diseases are major factors limiting the large-scale cultivation
of forest musk deer. Bacillus cereus has been detected in abscesses of forest musk deer.
However, there are few studies about the B. cereus from forest musk deer. [Objective] We
isolated, identified, and sequenced the whole genome of a suspected B. cereus strain from the
liver of a dead forest musk deer, aiming to provide a foundation for the prevention and
treatment of diseases cause by B. cereus in forest musk deer. [Methods] After strain
purification, we conducted biochemical tests, drug sensitivity tests, and mouse pathogenicity
tests on the pathogen. We then employed the third-generation sequencing to reveal its whole
genome and phylogenetic relationship. Furthermore, gene function annotation and genetic
evolution analysis were conducted. [Results] The average nucleotide identity (ANI) and
phylogenetic tree suggested that the pathogen belonged to the B. cereus group, and the
biochemical test results of the strain conformed to the general characteristics of B. cereus. The
isolate was thus named SCBCMO01. The strain showed the median lethal dose of 8.3x10" CFU
for mice. It was resistant to most B-lactams, tetracycline, and sulfamethoxazole and sensitive to
cephalexin, cefoperazone, imipenem, and aminoglycosides. The chromosome size of the strain
was 5 292 570 bp, with the GC content of 35.37%. Multilocus sequence typing showed that
SCBCMO001 was a strain of ST427. The genome of SCBCMO001 carried a variety of virulence
genes such as hblA, hblC, hblD, nheA, nheB, clo, and cytK and the genes conferring the
resistance to antibiotics such as P-lactams, vancomycin, and tetracycline, which were not
completely consistent with the drug-resistant phenotype. In addition, the genome of strain
SCBCMO001 contained 6 plasmids, one of which had a relatively complete phage region.
[Conclusion] The whole genome of a B. cereus strain isolated from forest musk deer was
sequenced and analyzed, which provided a basis for the prevention and treatment of bacterial
diseases in forest musk deer.

Keywords: forest musk deer; Bacillus cereus; pathogenicity; whole genome sequencing

WEAE ZE AR T (Bacillus cereus) & — P2 gL mH . 4B TR B RE ZE AL R
FCPRYE . BRIZZ) . P 2 A EBOR I, 76 BESIRMIFUFRITED . BOERmm | ik
HARF iz 1e, EmEsl&AGYhE, 5 <mRm® . 4RI B EE T RS L
XL FIETE , R T R AR IE TR Fhshrens, W E & FRaE AR U AR
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M B (Moschus berezovskii) J& 1 B H
(Artiodactyla) i £ (Moschidae) i J& (Moschus
spp.) KT /NI FLsh ), AR T O
BRIE A A B, BEAS 4 WA BE A (musk), BF
TIRAEG L st h M Mm R SR, B
AR DXL % B A T O 2 LA IR A, PRz
Az B R 1 A % 2 S5 ) R 3 e ) B A A
BRI RO B . N T IR B B R AR A
MRl R 22 M e s ie 2 —, B 2 B AS
MBEN T FRFE M F B G PR Efe i Ui
J2 FH A R o D | R ) i AR A e P i
MBI BRI 24 | R B e, AR
TN DR SRR IES (R ekt i T 2RI AR TR, R 2
FAF P e 22— 0O (EJ H T GBS R 21
FF O R 5 | AR BS Z p SE T 4G, JF HAE
% [ B R AW ARAE B Ft(National Center of
Biotechnology Information, NCBI)¥ 4 JZ H it TG
MR BT U5 05 A 2 AT T A 4 5 DXL A 0 2l

AHIEFE DG FEAR B 1) JHE I 4 o — R 3
W VERSAE 2R AT IR, AT T AEARARRE L 2R
DU A5 0 4 L LA e, AR Al 0 e 6 SR kA T
S48 1 IR AP (average nucleotide identity,
ANI) . £ {ii &5 % %1 43 A (multilocus  sequence
typing, MLST). i 24 3E K 5 S K 74041, LA
W O 58 35 WA 2P S AR W B O
FEBEPIO R PR RS K

AR

1.1 #&
1.1.1 fFRSRIE

DU 1| 2 B AR S SR 5 7 Bl S A AR AE T
J Ve, SR BER 6 T IR R A A
SEH & AT A OG22 .
112 FERH, UFEMEFE

LB W5 . MH W% (Mueller-Hinton

broth) 5 37 5L | AHG YL (10 . T #EBEOP B 2k
P & Bt g 2L fifh (mannitol yolk polymyxin agar
base, MYP)5 5 3 LAt k57 . HBI 5 2E 7
FFR A AL A5 MBI H, S
RABRAE]; 258040, BUH A Ynialn A R
INF BEIR L 2% tPI (phosphate buffered saline,
PBS), At RFEEREARAA; —KE MR
£ (MnSO4-H,0), HKEICAFARA A,

Quantity One #EfX 12 1L, Bio-Rad 23] ;
LKA, JERtRN— AR5 SRR T KR
. I ECR T A Y S e AR A ] K
HERERIR , B M T 2 tn KR IS BT s A=
Y W8, Olympus 237,

i B2 &G E IR PR KR R M GB
4789.14—2014 (& DAY 2G5 W5
ZEMUFF BASSE ) H A e

5%RIMINGEFREE: LB AR IR E U
BiBEMY 15 g/L, 121 °C K 20 min 58 E £
50 °CZity, JCWERMEIIA 5% 4t iR >
IEEER R
1.1.3 Rz

N JE i SPF 2% B BH /) B (Kunming mice,
KM)3E: 56 H(HEM: 28 H, MM 28 H)il A ALAT
ISR Zh A BR A Wl . AR A R sh P4
FEAE R B BT A P E S 48w, T Al R
SERHECE AL S YR A ZE s HE T s e
(HEHEGR 5 H 20230190).

1.2 HEREIFIRAREENS SER

TCTA i S0 SEAREE , IR W S kit X S )
T, RULTE 4% F R E W, 35 AR B A )
oS AT IR B A3 AT o KRR R ) e HE A
T LB HiFR AL 5% R e Fr ik, T 37 °C
FiFR 24 h, MR EVE D SRR R 22 QY (a2
R, PR KD Al . IRAF .
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1.3 A ilie

Wt GB 4789.14—2014 (£ ShWisZE W46
B AR ZE A R A YU AR A S e i
FEAREE R MIAR, AP R I HBI
YRR ZE LA TR AR S R A5 BH B A T
1.4 kN

K H Kirby-Barer 4% ¥2:00 & B Rk 09 25 91 f5
B, EECEREE . BISIPUAM ., ZRPEA. Sk
2R SRR . SAumElls . SkAtifhE . Skl
WRHR | R | R R . AR . T HERIE.
PIZTRE 2 . LI DUMER . SAER . W% .
AURTD R IRTNTD AL |l S e R v 22 [
2 [ 36 [ I PR AN 52 35 % 45 1fE B 25 (Clinical and
Laboratory Standards Institute, CLST)% & T/
i 16 4 2 B 1) 245 ) Rk
1.5 pEREEMIRE

PR 25 RIS IS IR TS 2 6 mL
LB AR 3530, 37 °C. 150 r/min 3% 12 h
JE ¥R 1% MR 51 2 35 mL LB K573,
FHIE S5 T 5558 2 ODgoo N 0.6-0.8, 8 000 r/min
250> 10 min 5 B3, HIJCIE PBS BB ILTE
it AP AR BOE T RO B o TR TR vk
447 10" CFU/mL, 71 F PBS 4 12 Ui B A% 107
10°, 10°, 107, 10®#1 10° CFU/mL.

ANERBCEE T A SRIBUACER 43 )2 B AL 43 20
BN 7 A, 8 H/A(MERER), IGdH
53 I s T AN TRV B B PR, 0.4 mL/ L, []
A B I s e B A R Y PBS AR M XF R4, il st
7 d NEA/NRMFET- 2L, IFH Bliss I511HE
B 3HE & (median lethal dose, LDso).
1.6 REESEREENF

K 4 AL R 41 547 (whole genome shotgun,
WGS)HEm , A 12 3 AE 530 FF 45 AR (Oxford
Nanopore ONT Ml F&~F- &)U 5, A5k XL
K (paired-end, PE)YI T o 4 3 AT HL&HE {8

A UniCycler F1 Flye #E17PFR A5 2] 525 741 .
FE AW F TAE R E IR AR E A YR R A
1R/ A

1.7 ERESH

1.7.1 ANILEXS ARG A EREE
f# ] OAT: OrthoANI Tool v0.93.1"%, 4w

tk SBCMO01 5ixJm HAA R RS T ANT L
%t, JfH TBtools v1.1.16"1%: il #1485 i i
PubMLST % 4 J& (https://pubmist.org) F T & #k
SCBCMO01 HYFFFI 2RI E , Ff1EH NCBI
i 33 BRAHSCHIBR, i MEGA X #{FEET 4
A TR R 1) A8 5 R TR A T 22 R DR B 5y S e R
SR (maximum likelihood, ML)YIE RS KB, X
‘B bootstrap i %i(1 000 IRE ),
1.7.2 SHERERMWAERER TR

KM BLAST #ft, M50 74 %
(www.mge.ac.ct/ VFs/)FIZE AP AE R 2555080
(https://card.mcmaster.ca) X H: 3 17 i 75 77 & R Al
M 2 BE AT RS, B IR 744 BLAST [
X ESEL E-value N le-5, ZIEMRIT 5 —
HETE 60%L F, HPF Hexf i 4 B 5 HXT R
B ) A G 3 P A K B Y A AT
70%, XTI gap /TP 40 X BE 1)
10%; L5 PiA: R 25 R8s 2 BLAST HEXS
WE S E-value 2 le-6, ZILMRJT 4 —3K
PETE 50%LA E, HF S X AR 5 7 41 K
BER) FEEAME T 70%.
1.7.3 COG # KEGG B X5

] diamond BLASTp 3 [H 4wt & 751
4 clusters of orthologous groups (COG)%#& /% H
AR LR AT HORE, 3 91 B R A i S 3 B
Hle-6, HEH—~cfE: hits A eggNOG 25 I AH
ZEAHNL R I gt L s B LR ) Kyoto
encyclopedia of genes and genomes (KEGG)/
#k F KEGG automatic annotation server (KAAS)
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A SR 2R 5 5E Rl (http://www.genome . jp/kegg/) o
1.7.4 R EEE AT
K FHAEL M3 PHASTER (http:/phaster.ca/)

I DR 2 R 7 A 4 DR R A

2 BRS04

21 MEREBIHEEREKSSER

MEBFFET- M 5 A B IP K, REA K
INR—RBAEABE S 1A), TilEE R (E 1B).
3 Ao 6T P R U 2 2 ) o, R
B ER A AR R - TR 43 v g K ] R
1Ry 5 T L Sy kA P T S A R B A I
FE sz b 245, FRASIEGL, 1148
X ki, i, i B/ 8 i A i A
IFE(E 2A); IR 5T R PR AR E , D
WA, R K, BN L2
Y. AR Mk A R RIS TR T A
KiegE, R/ E A R 2 & 2B).

25 WE AR A0 e P AR, AR R 3 i i)
SR A B DL R 2 FELAT AR A ) L TR 9 A
K, PRBOZWEE TR B 5E5E, E k g
55 SCBCMO001

22 ESREBYFMHE

ik SCBCMO001 76 LB Biig R 550k F 5 1
. ANEYIRREE (B 3A); PREE v 174
2R AR, SR HOMF L IRHME . PR
INFFTE, 2 B0 s EERHES (K 3B).

2.3 EFERELIFMH

PR SCBCMO01 TEHM-F-4l | 37 °CH55% 24 h
Je B S 1) i BV AR 4A), REIDZBE R
B MEEEE, 7€ MYP BV I 37 °C K537
16 h JE W& IR A& 4B), RITZEHEA
R e Ji A UIRERS , R ™ I ik
HiE Tt BE /K A% DR BRI 5 76 25 1 3075 2 45 il b oid
S WS MR L), (B 2E 553 To YL R 2L
0 19 22 T8 Bl N A B 1 45 SR, 2R TR B
SCBCMO01 Aj=A: 4 A ([ 4C).

ST HBIL B E 28 MAT 5 A A0 5 S0 T ik
SCBCMO01 1Ak, WAL A EHAL: | V€
KA. D . PRI . VA R
TR | V-P i A A A (DRI 45 R4
FHAE ; FPEETRIRER R | AiSPRER A I A H 5 ™
AT 25 R B . #4E GB 4789.14—20141"
B A=Ak 43 BB H AR SCBCMO01 43 4 14

1 FRATHERERETL A HERWROTES B: [ilEmEL

Figure 1
surface. B: Lesions of lungs.

Pathological changes in organs of dead forest musk deer after autopsy. A: Black macules on liver
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2 HRESRTBEANAH AR RRIE Y] A E(A M HE 100x, A HE 400x)  A: AFIER YA M4 skift i
CREFT), MM EF k), FAMIRIEEamih), AR GE G R k). B: JfifiEms 2
. RYEAIRIEEE G L), MR ZEEROHR)

Figure 2 Pathological sections of liver and lung of forest musk deer (left HE 100%, right HE 400x%). A:
Liver pathological sections. Vasodilatory congestion (black arrow), vessel hemorrhage (yellow arrow),

hepatocyte necrosis (red arrow), hepatocyte cytoplasmic lipid droplets (blue arrow). B: Lung pathological
sections. Inflammatory cell infiltration (orange arrows), vascular embolization (green arrows).

3 Btk SCBCMO001 BIFZZSHFIE  A: LB BURIG 7 LIREIEA. B: 22 R 255 (1 000%)
Figure 3 The morphology of SCBCMO001. A: Colony morphology on LB agar medium. B: Gram staining of
SCBCMO01 strain (1 000x).
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24 ZEPREER

w1 PR, ABORIRES R, Zwkk
XTI IR 22 ] L %R B- N IBERE SIS 25 ) (G A2 R
Sk 6L R R A B S R ) . RIS N RS 25 W (41 %
WA ER), I AR R

N R Z R FEEF ) (e &R A
B R T ERGBUR . X IUERER | e S
W Z2 Bl B- TN IR IS 25 1) (7 8 X BN AL
BT SC AR, Sk ATPEAK | Sk f0E i A0Sk A A E)

4 HkE SCBCMO01 BY4E {L4F4E  A: HEHk SCBCMO01 ZEIMFEHR . B: HE#k SCBCM001 £ MYP

BUEFAR b C: E TR RS IR A5 R (1 000%)
Figure 4 Biochemical characteristics of SCBCMO001. A: SCBCMO001 cultured on blood agar plate. B:
SCBCMO001 cultured on MYP plate. C: Protein toxin crystallization test results (1 000x).

x1 APAEER
Table 1  Antibiotic susceptibility test results

YA FE 2 Antibiotics category Zj¥) % 5 Drug names

J TR P8l Fi 4% Diameter of antibacterial circle (mm) 25 Results

B-lactam Penicillins Penicillin
antibiotics Amoxicillin
Ampicillin
Cephalosporins  Cephalexin
Cefazolin
Cefotaxime
Ceftazidime
Cefoperazone
Carbapenems Imipenem
Aminoglycosides Streptomycin
Tobramycin
Amikacin
Macrolide Azithromycin
Erythromycin
Tetracyclines Tetracycline
Amphenicols Chloramphenicol
Quinolones Florfenicol
Ofloxacin
Ciprofloxacin
Sulfonamides Sulfamethoxazole

Nitrofurans Furantoin

11
11
12
20
16
10
6

23
20
15
21
25
20
23
16
25
28
22
25
12
18

R

WL~ nnonononononT— nx"m

S: fUF; 1. 4 R: M2y

S: Sensitive; I: Intermediary; R: Resistance.
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2.5 BEikk SCBCMO001 %t /)\ER B BUm 1

WIS ESHE IR G, S 4/ e fF
NI 2. HpE R E4(7x10° CFU/mL)
4 HUNRE 4 h WEEBLZEAEIR, 8 h A4y W]
A B, BAIRACR IR, 12 h IWAESET,
X HE AL /N BRUAS DL B 0 S TR A e B /N R
FEE 2 H 18 40 8 B K R W AR 2R AT I . A EAR
BRI WL 5, ORI O LT 4k 42 1
AP (] SA) s JHE A e ki L, s kR
FEL 2 HEF ZE AL, 3053 I 2 L A2 IR BE (1] 5B
iy (10 =801 16 AN A (1 =4 A R e
ME(EL 5C) 5 il afn 45 Fe i v o, i 7 P 6 A4 i
B, Pk SD); B ERT LR E P LA E
Y 320 R PR IRIE (K] SE), HAth R
UL B HG7E . SR FH Bliss 54350, 1ZH /N
FLAY LDso M 8.3x107 CFU,

*2 WERTIANRETHE
Table 2 Number of deaths in mice within 7 days

of challenge

R FET R
Concentration of bacterial Number of deaths
(CFU/mL)

7x10* 0/8

7x10° 0/8

7x10° 0/8

7x10’ 0/8

7x10° 8/8

7x10° 8/8

2.6 EERFENFERDIHER

2.6.1 E#k SCBCM001 £ EEHEKEFE
IR 40 300 235 S 4 7 TR Bk SCBCM001 Ay 2t

PR 2H A1 3% — A RR G A 445 292 570 bp)Fl 6 4>

PRAR TR, P28 S 7R Y 0 A0 Bk 0 0 I

JE(E AT 168 5. HdE 1% NCBI £
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Es5 NEEREREVIFECEM HE 100x, A HE 400x)  A: OIERIED . O IR 4EE R
@HIK). B AFAERTBEY] Fr. o SR B4 ML (L0 T %), I AR PR IR AR (SR (7 Sk ). C: IR BDT A, 21
MM TR O EFK). D MERGREL] J. W@ R sg )5 (i k), 2L ORBHETk). E: B IR B
DI RYERE, b EL A0 (B =K

Figure 5 Pathological sections of mouse organs (left HE 100%, right HE 400x). A: Pathological sections of
the heart. Myocardial fibrosis (black arrow). B: Pathological sections of liver. Central venous congestion (red
arrow), degeneration and necrosis of hepatocytes (green arrow). C: Pathological sections of spleen.
Erythrocyte filling (gray arrow). D: Lung pathology sections. Alveolar septum thickening (yellow arrow), red

cell filling (gray arrow). E: Pathological sections of kidney. Inflammatory infiltration, lymphocytes (yellow
arrow).
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i, RSB RSN CP120958—CP120964,
SRR B R ILER 3,
2.6.2 ANI iR

HR 5 73 B TR PR 1) A 2 e, R0 20 i
PRI R R A ZEAFE PR AN TR o o SIS TRURS A 2
TRFFPE (23 #R) . 752 4 ZEFFF 1R (7 4 ZE AT
& A R R (8 AR)BEAT B M. SR
N, MWEEHARIME BF, SRR 2R B A 5
=& AR R ER S bR SCBCMO01 JE# AH1LL,
ANT {H¥ KT 90%, W& A9 w5 bk
SCBCMO001 1 ANI{HEI KT 96% (Kl 6), UM
ANI F3Afr EANRE X 43 85 A 2R AT T F 08 = 4 2F
FFFIE
2.6.3 MLST #BMAZLE 7HLs

KT AME R HEH (glp. gmk. ilv. pta. pur .
pyc Fl tpi)#E4T MLST 4347, 453 BoRiZwE A
ST427 A, ¥3& MLST B8 )%E, LF5 2018 4
J7IR Gy B — PR A ZE AT B (ID: 5328) ST 7Y
ARIA] , H 2 A 4R 3032 TR A 4 2 DR 4 P AR OG5 8 o

H B G R BRI A T R EARA, AR
M B I HE R SCBCMO001 5 2015 4F M EgIE
43 B 1 B RE ZEFRAT B TR PR HRT7.7 A1 2018 4F ML
HE BT B0 = & 2R AR GA-A07 SE%%
KR, FRRERI T SR 2R AT 3 R S R K
SR R AR 7)o

#= 3 EHk SCBCMO001 EFAEEAEFR

264 BHEFIRER

PR SCBCMO01 7 7 Rl 7Kl g 3145 S 4n
4 PR, RS Gk AE G 1 4 R B
FH(inhAL, inhA2), AEE R AHOCHEA | Wi =
BL Z£[H (hblA, hblC Al hbID) ., ¥ Il #E &
Nhe % [H (nheA . nheB) Al 41 il 7 & K 3L [H (cytK),
W B 2 M TR AL AH G Y BE A (clo) . 4R B e
BEL 1 240 i B i 1 B 11 JE R (htpB L lap T groEL) .
BRAAR A1) A BURH OC 3L [R (asbA-F . dhb F1 mbtH)
S5, ARKINR B & AT R A S 5
ma AR 1A LT cry Bl eyt FEA
2.6.5 TAREREFRLER

FERFE SCBCMOOT H A il £1] 22 il iff 24 %k
W, 5 p-WmtIE . milr&ExR . FAEFr.
TV | DU AR AR SR A G, iR
& 5 FF WAk i 25 4 HE S ABC Fh iz A
(ATP-binding cassette transporter)#H 5 A9 P~
[ (berA. berBYFI—A~ 2 25T 25 M HESE (3K 5).
2.6.6 EEHRBEER eggNOG F1 KEGG T
BER

T 5 EE P Ee A B L R 4 722 A3
RS 21 41 COG RyTREH, H 3 112 4>
EASEMEASEREEARE, 1610 MEH
REASN, AN fie 2 10 S T SR AH DG 28 1 RN
QIR iz . X ER, 2502 366 4

Table 3 Basic information of strain SCBCMO001 genome

GenBank # 5t 5 F 3 24 95 Feo K GC i T4 ) 2 2
GenBank accession No. Sequence ID Sequence length (bp) GC content (%) ORF number
CP120958 Chromosome 5292570 35.37 5348

CP120959 Plasmid1 382 731 33.66 387

CP120960 Plasmid2 41241 35.56 60

CP120961 Plasmid3 16 013 36.13 12

CP120962 Plasmid4 9518 31.60 13

CP120963 Plasmid5 9190 31.43 11

CP120964 Plasmid6 3166 33.13 3
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# 4 B# SCBCMO001 EFA+FHEHETF
Table 4 Virulence factors in strain SCBCMO001 genome

B 1A 72651 BT HHREEN
VF category Virulence factors Related genes
Stress survival ClpC clpC
ClpP clpP
Nutritional/Metabolic factor Petrobactin asbA, asbB, asbC, asbD, asbE, and asbF
Bacillibactin dhbA, dhbB, dhbC, dhbE, and dhbF
Mycobactin mbtH
LplAl IplAL
Antiphagocytosis Capsule galE, cps4l, and cpsC
Inflammatory signaling pathway Lipooligosaccharide (LOS) galE
Lipopolysaccharide (LPS) wbtM, rfbA
Exotoxin Cereolysin O clo
Haemolysin BL hblA, hblC, and hbID
Nonhemolytic enterotoxin nheA, nheB
Cytotoxin K cytK
Protease Immune inhibitor A inhAl, inhA2
Cell wall anchored protein Hsp60 htpB
Listeria adhesion protein lap
GroEL groEL
Others Isocitrate lyase icl

#* 5 E#k SCBCMOO01 ifit 25 £ FE 7
Table 5 Prediction of resistance gene in strain SCBCMO001

it 25 7 2 B Antibiotic type

i 25 3 Al Resistant gene

Bacitracin-resistance

B-lactam antibiotics-resistance
Vancomycin-resistance
Trimethoprim-resistance
Daptomycin-resistance
Fluoroquinolones-resistance
Elfamycin-resistance
Rifampin-resistance
Streptomycin-resistance
Tetracycline-resistance

Antibiotic efflux pump

bacA

Bcl, Bcll

vans, vanRM, vanZF, vanRG, and vanYF
dfrG, dfrE

rpoB, rpoC

orlA, griB, and gyrA
EF-Tu

rphA

StrA

tetB(P)

Blt, bcrA, and berB

1338 (Kl 8)o [INTA 2 574 A FE R 9 1 R 2

Iy, A 475 E A R4S TE BRITE 0 5 il

KEGG orthology (KO)PhgEsr 2+, 5HBRigt
AXRMEABEZ, A 1 5054 ; BRITE £
TEEF’I%‘?E*%@JE‘J%E%EIJJ?EEﬁﬁ?@, Hrp

BE R G QAL A E R Z, & 651 4

A g (B 9).
2.6.7 [RIEEEARTINLE R

JERE PR TN 25 5 S, FETR & SCBCMO001
FEI R 4 AW TR A T R 24 DX 3l ) A7 A
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1700 - COG function classification

1 600
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1 400
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1610

gene

Number of matched

0 2
ABCDEFGHI JKLMNOPQRSTUVWY Z

Function class

8 eggNOG (COG)INEE N 2K E

Figure 8 eggNOG (COQG) function classification.

A2 A — A X 52 4 B K F 70, AL
F KA 56 B T AR (18] 10), 2T Plasmid2 1)
1-41225bp &b, ZIXIKE Ny 41.2 kb, A7 62 1
CDS, GC &N 35.56%, 5SE#VEIS4rh 120,
o AFARL AR W AT A A2 4 B0 R T I AT 1K LP-030-2
(GenBank % 5%5 5 NC_021539),

3 W54 ®

BEAE ZEARAT TR (B. cereus group))® T 21
¥ Jm (Bacillus), H 2 Fih 3k K 20 1 51 S Ak 2
R AR H AR LAY 2R AT TR AR 2 B o it oA 5L PR
PRI AR, BEAE 2R FOAT T A AL 5 B Rk 78
AW, ELF] 2013 AR AE ZE AT iR ARG in 3
8 ANl RIEATHE (B. anthracis) . BEAE 25 AT
(B. cereus). il 75 ZF il 1#(B. cytotoxicus).
HOWR ZF #9477 (B. mycoides) . % 2 FE 2 A
¥ 5 (B. pseudomycoides). 7hz 4 2 AT B
(B. thuringiensis). <7 2 {1 (B. toyonensis)

= C Energy production and conversion
D Cell cycle control, cell division, chromosome partitioning
E Amino acid transport and metabolism
F Nucleotide transport and metabolism
= (G Carbohydrate transport and metabolism
= H Coenzyme transport and metabolism
= | Lipid transport and metabolism
= ] Translation, ribosomal structure and biogenesis
K Transcription
== [, Replication, recombination and repair
= M Cell wall/Membrane/Envelope biogenesis
= N Cell motility
= O Posttranslational modification, protein turnover, chaperones

= P [norganic ion transport and metabolism
= () Secondary metabolites biosynthesis, transport and catabolism

= S Function unknown

=T Signal transduction mechanisms

= [J Intracellular trafficking, secretion, and vesicular transport
V Defense mechanisms
W Extracellular structures
7. Cytoskeleton

FYEFE S 2 fFF1# (B, wiedmannii)!> %, 2017 4E
J& . WGS 7EEE 2 R v 83 B fdi NCBI %
JE B R ZE AT DR S DR AL B AP R R E
T 20 ZFPUY H BNZ BB Z AR AELL I 4 S
RN I B R A AR HE T 38, A T RS TR
Pk SCBCMO001 7E43267°%% BB, R T
Carroll VMBI 45 I, 454 R EE MM
&R (Food and Drug Administration, FDA)% X}
WA ZF AR TR 19 40 7 53 B T (bacteriological
analytical manual, BAM), ANI, MLST 7%l
R DR 2 PN R i ) R IR 2 5 TR A T 2

PR Ak SCBCMOO1 £ 15 H 2F fLFT 8 2 rh it A T
R 435, SR A LB 95% ANT &1 1 Fft FLFR U718,
G5 R BRI AR 5 08 = & AT AR E AR
WA ZE AT RACR AR ANT ¥R T 402519
B, PIFPTRPRTE RS0k B b i I s 3R I H:
RGRFAE I, TRk SCBCMO001 7E
AR ZEARAT T T 95 2= 4 2R AT B v A T v 1
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KEGG classification

Protein families: genetic information processing 651
Protein families: signaling and cellular processes 640

Protein families: metabolism 336

Cellular community-prokaryotes 102
Cell matilitv A2

Glycan biosynthesis and metabolism 43
Drug resistance: antimicrobial 54
Infectious disease: bacterial 34

Brite hierarchies

Intfectious disease: viral i 9

QardloYascular dlsegs.e 6 Genetic information processing
Infectious disease: parasitic || 7

Drug resistance: antineoplastic || 7

Cancer: specific types | 5

1

Immune disease

- .

i
Not included in pathway or brite I

Metabolism

OVIIDULY Dy duviin | 1 | | | | | |

0 100 200 300 400 500 600
Numbers of genes

9 KEGG %t
Figure 9 KEGG cartogram.
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I i || Il I i [ N W INEE
50k 10.0 k 15.0k 200 k 25.0k 30.0 k 35.0k 400k
[ NIl Wi . .
PLP M Protease B Phage-like protein

B Head protein ® Terminase
Tail protein = Hypotheical protein

E 10 EE#k SCBCMO01 JRMEE (440 B A B (4 T i+
Figure 10 The prophage view and phage elements annotation of strain SCBCMO001.

K43, X PIEOLTENFE 2R AT B A 2028 b I
BE W, Carroll ZER2OVh T e i B 2 AT I
BE A W R EE S n) 8, $RIREAIR ANT 945
FBE, ¥ 92.5% ANIVE MR AR, fbsee
ZEUFF R AR = & AT G I — A ff
FH FDA £ XS BEAE 2 AT R B9 20 2807 s, M T
Pk SCBCMO01 i 1 Sy 85 AF 2 FLAF 147, HAE o
BER A IR S RO BT, 5 A PR S AR Y
T2 & AT B X Y

WEAE ZR AT B AR U5 B2 0 K7 22 e [ R rY
WRAEARASNIA] , 38 5 40 Ry WK ik BRI VS RO
B ZF A FF T X - B 2 (cereulide) j& — i ERUE 1Y
WIE/AINTF K, TPy A R AR,
F kLB ces BRI, BiE RIS
ZF L I AN B R 5 ) H R R 28 R A S B g, B
HOMTER AR, T B Al RE I BRSO
fige . B 20 il P 5 IE TS Y
Mo A: 3 FETE#E %R : W ILE BL (haemolysin
BL, HBL). k% Ifil 7 % # & (non-haemolytic
enterotoxin, NHE) M4l i 5 K K (CytK). ¥ Il &R
BL JLE (hbIC. hblD F1 hbl A)ZH il — R+,
AR BL LR E S 2 AT TR R LA I
UM, AE AR A i P AR B
ZEEH (nheA, nheB il nheC)ZH ili— MR T,
LG A ) R TR 8% 3 o A ) T 3 4 A B R A L
il P55 NLRP3 SAE/MARIE AJH -, NHE
ML BT i — D ReFL, SRS M BT BR A

NHE FI HBL £ G U E FE T LA S R AEP ;4
MR K E—FPR—-NEN, BT pMIFIE
ZE Z % (B-barrel pore-forming toxin family), HE
FE A LB IR WA T2 EIE LI Y

PEYR 43 B I B FE SCBCMO01 4717 2 F 8 /1
K, AMUEE B 3 MEEER, 4854 co
FEH A7 M ZE O (cereolysin O, CLO), CLO
J& T HE A AR 4 5 21 it 2R (cholesterol-dependent
cytolysin, CDCs)ZK %, DARI T . Foe iy ik
T 53, 55 A% 20 0 S A A 1) B [ B 25
IR A A AL, A B T
it B 2300y g DR 8 T B Pk SCBCMO001
BRI ekt . PREEIE N DL Kb B IR
Py SR U R BB I I, AR R A T
HIERAMF, FERIHNFEIERER M CLO Hi%
FECIE ERRE, R A DR R AE A E
My F A, X 5/ 45 ] — 3.

H 1 2% 5 DR ARG I 45 28 T 1 Bk SCBCM001
FETE B-N LS FNEE 2 R At 25 568, R A |
XF B-INE S R 28 25 Wit 25, (B Kk f IR
P Sk 2 I e B e R, R R
&, FERBIAGE N BN — 845 28 . Rtk
SCBCMOO 1 [5] 25 Zhi % £y B- P Bt f kA7 P e
2B B- I BE MG Bel R4 JE B- PN L i 1
BellP!, A X353 B- NI 25 ) Sy
JRIR AT BE A Belfil BellZK il A v A BB,
AT RN BellJF 4 5l 3 B- N Bt —
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FEARRIME , EAATE Y 22 5 T e e 1 3 12k D e
KT AL, AN DI T e 55/ A3 B-1N
WE SR, Bk SCBCNOOT 4 — /M 5
FPUPESERP 5595 1 i R A A R
[N strA ¥ 41 (GenBank % 5555 M86701)4
RIEER 71%, (2B KA b strB B,
Y K strA-strB JE K %), strB & R 9 il 2k T 5
HERE R 251 SRR, BT RE& R RN
ﬁ&ﬁz[%-}ﬂo

H COG #1 KEGG 1 FERI A1, TRtk SCBCMO001
LA 588 AR RE T AT o I A A
S5 R MR L AR FBORL b AT BEAAAE 24
56 R BN 58 B B W TR A A B, X BB AT
B A e 5L K 20 AR 15 2 R4k, R T T T TR
PRI G o AR e — s S R e R PY

AWFFEXT 43 Bk SCBCMO01 Fity 4= KL 5 21
G BT R 1 R ZF SR R RR AR 1] 1Y) v BE AR O
PE, BRRET BB 0 RPN T S 3
NG B DR S5 25 R4 81 1% 8 DL 0 [
+, ¥ CLO, ZHheE: 1 I F WA e i A
R B A —E B . H TG TR IR
FEZFHUATF R 58 A /2, Ak SCBCMO01 11
DKL 0 e R0 R A B T A S S A ZE A AT A
TEVR S Je S S p (2, [R] s Sk R B A 5
PRI () Bl A it 5 2%
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