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Genome sequencing analysis and drug resistance of the foodborne strain SCY of Bacillus cereus
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(1. School of Life Sciences, Ningxia University, Ningxia Yinchuan 750021, China;
2. Ningxia Hui Institute of Veterinary Drug and Feed Supervision, Ningxia Yinchuan 750001, China)

Abstract: Objective The aim of this study was to investigate the virulence and resistance of Bacillus cereus SCY
isolates. Methods B. cereus was isolated from fish dishes in a restaurant in Yinchuan using a selective medium and was
named the SCY strain. After identification using PCR sequencing of the 23S rRNA gene, the genetic characteristics were
analyzed by adopting second-generation whole genome sequencing technology. Next, the toxicity and drug resistance of the
SCY isolate were studied using mouse studies and drug-sensitive paper experiments, respectively. Results The genome
size of the SCY isolate was 5.82 Mb, the number of coding genes was 5 767, and the total length of the coding region
accounted for 85. 50% of the whole genome. The genome of the SCY isolates contained 11 gene islands, 16 CRISPR, and
five prephages; among them, 14 and 62 virulence genes were annotated in the PHI and VFDB virulence factor databases
(Identity>80, Evalue<0.05) , respectively, and 215 resistance genes were annotated in the CARD resistance databases
for SCY-encoded genes (Best Hit evalue<0. 05). The immunohistochemical results of the mouse intestinal tissue sections
showed that the expression levels of the inflammatory factors 1L-18, CASP1, and Nlrp3 were differentially and
significantly upregulated. The results of 22 bacteria antibiotic sensitivity paper tests showed that the SCY isolate was
highly sensitive to chloramphenicol and clindamycin, showed an intermediary to tetracycline, cephalexin, and ampicillin,

and showed resistance to 10 antibiotics, including penicillin, benzocillin, piperacillin, bacitracin, and cephalexin, and
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its multidrug resistance was more serious. Conclusion SCY isolates are enterotoxigenic strains, yet they carry multiple

enterotoxin virulence genes and have typical multiple drug resistance characteristics. These findings provide clues for

revealing the pathogenic mechanism of B. cereus isolates.

Key words: Bacillus cereus; isolate; toxicity; virulence gene; drug resistance
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Table 1  PCR primers for Bacillus cereus 23S rRNA gene
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Table 2 The general information of 9 reference strains of

Bacillus cereus

TR K i GenBank % 5
ATCC14579 GenBank: AE016877.1
NC7401 GenBank: AP007209.1

S.601 GenBank: JAFLOK010000001.1
CDHWZ7 GenBank: CP095767.1
AFAO1 GenBank: CP068724.1
CPT56D-587-MTF GenBank: CP090081.1
H2 GenBank: CP043966.1
FORC.021 GenBank: CP014486.1
MRY14-0075 GenBank: AP022894.1
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A. B.

C. GCOAGCGAAACGGAACATAGCCCAAACCAAGAGGCTTGCCTCTTGGGGTTGTAGGACATT
GCGAGCGAAACGGAACATAGCCCAAACCAAGAGGCTTGCCTCTTGGGGTTGTAGGACATT
CTATACGGAGTTACAAAGGAACGAGGTAGACGAAGCGACCTGGAAAGGTCCGTCGTAGAG
CTATACGGAGTTACAAAGGAACGAGGTAGACGAAGCGACCTGGAAAGGTCCGTCGTAGAG
GGTAACAACCCCGTAGTCGAAACTTCGTTCTCTCTTGAATGTATCCT
GGTAACAACCCCGTAGTCGAAACTTCGTTCTCTCTTGAATGTATCCT

TE A H R B O B 22 4 A 2 BN B IR SR AW 5 B 43 5 4 23S tRNA
FEH PCR KM 5 C: 4325 Bk 23S tfRNA JE K PCR I ¥ 434 ; M: Marker
Trans2K DNA marker; 1: 43 B bR 7% PCR 5 2: B34 %) IR
B 1 SCY 4r B RR 43 B K 9% M Sk e
Figure 1 Isolation, cultivation, and identification of SCY

isolates
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Figure 2 Species annotation analysis of SCY isolates in the

NCBI-NR database

SCY 43 B bk BL I 4H K /Nl 5. 82 Mb, 4 it 3L A
MR 5767, G i XA BE i 2 B ALY 85. 50%
A, SCY & A 11 A HH B (16 4~ CRIPRSE .5 4>
W R A . QB 3 BT s, o D A TR B T ROHE A
VEFDB Fl PHI 3 5l 1 B 5] 282 A~ F1 425 4~ 5 ) 5
(Evalue<0. 05) ; ¥ 18 Identiy>80 S IE IR T
AIAF BER e BB SS R FE VEDB R PHI 43 il T
R 62 ASH 14 A8 Sy LN L FE R Wi 25 5 8K
PEE CARD 1EBER] 215 A1 253 H (Best Hit evalue<
0.05) , 4% & Best_Identities [% ¥ HE%1 15 2] TOP20 AY
i} 245 & Al (Best hit ARO) 2N Bell \BLAI . FosB . dfrE
vanRM ., blt., rphB | vanZF . vanSM . vatH . dfrG . berC .
bacA .vanYA .CatU .sav1866 .aadK .msrB Fl oleC .

DL B 2 360 FF TR AR HEBE ATCC14579 1R 5%
PR AT SNPs 4387, 45 R AN 3R 3 i, SCY B Al
8 Bk AR 2 F0 AT I B0 SNPs B AR R A, Hor,
SCY 43 B3 Pk B SNPs $ it i £, o4 319 990 4>, 4 1

Species

CARD 215

VFDB | 282

PHI | 425

0 100 200 300 400 500
B3 SCY 43 B bk 195 J 5 R RIS 245 55 R v e e it
Figure 3 Annotated statistics of virulence genes and drug

resistance genes of SCY isolates
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Table 3 SNPs analysis in the genomes of sample strains

Hi i X SNPs %

B S MSNPSHUL oS \pe R X SNPs
SCY 319 990 204 489 75 228
NC.7401 316 728 203 265 74 052
S.601 40 547 22 006 11611
CD.7 167 783 99 668 41927
AFA.01 42 145 23231 12 007
CP.56 44 199 24 382 12 754
H.2 41701 22 628 12 083
FORC.021 41721 22 969 22 969
MR.14 319 823 205 423 74 832
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sod C™7 s TR A7 Ho A © %0 5 #F 25 M AT 1R 2 1 3 A pler
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O3 B R 5 2 B M BOms B R S 3L HeA
yceH \yceG .SpoVG .CspB I nfu.

2.4 SCY 7; B bk it 24 14 i
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Figure 4 Phylogenetic tree based on the analysis of SNP
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Figure 5 Immunohistochemical analysis of mouse intestinal tissues
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LA A0 B K W 25 3L A < rph B #5700 U R P I UL
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AW BT A FR T 25 0 K T BE L 9] A bl sav1866
msrB . oleC . TaeA .ImrB .tetA (60) .tetB (60). SCY 43
R TS 245 3 000 17 A i 25 BE N2 5 T .

3 i
U R ZF M AT B 2 51 R B W b B A GE AN R

MEEBURE . KW 0z HPiai kg, b T8
AR AEY BTG MR FEENEY AR
TR TR R T E KBk . 7EFRE —TC T 39 4
Hi X 860 3 K £ (AR KB IR Bt L SR 45 )
U E 2 BRLFT BAT A AT I 0 R A A T P B AR 2
AT BT ol A B 2 %6 i ik 35%1°% .

U RE 25 MR A 7 0 DR R S SR e T 2R A
AR RSy W AT PR E R A T, SR B R K
I S I AR i , HR L 8 rIEE 10° CFU/g™ . 5l
A W5 2 BT TR VS R A 5 ) DR A T
T EALHE Vi A R L Rl ARV I A g R
FE N nhe AN M EE K K FE N ek 7 8 R FM 3£ W
entFM FJp % 2 T 3£ beeT, 51 % H 3 MK ik 5E IR (1)
BN F UL 2R CesB JEIH .

ARCAEYEE SCY sr bRyt fEep 2RI T PCR
HOAR XS H 23S rRNA BB F o f T M5 25 A
FFBR TR R A 7 T B RE ZE AT TR LR SR T BR (Bacillus
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F4  SCY 73 Bk 0 25 AR Fr i e 45 21
Table 4 Results of drug-sensitive paper test of SCY isolates
, S VT2 5 i 24 1) 0 141 B AR B o/ mm )

3 IZIQ ~ PoSN =N i1y 4—/}; ‘}E‘Q‘:l :
BT R AR/ Na o LS i/ (ng/ ) W R T RS M E R H A%/ mm A
7% % (PEN) 10 <28 >29 16.2 R
ZE M TG AR(OXA) 1 <17 18~24 >25 9 R
WR 437 74 #k(PRL) 100 <28 >29 14 R
FFEE BK(BAT) 0.04 U/} <8 9~12 >13 0 R
S A A IE(CTZ) 30 <14 15~17 >18 9 R
S feLHh #4(CTR) 30 <13 14~20 >21 10.8 R
FEEE 2 (S) 10 <11 12~14 >15 7.5 R
7R A (T/S) 25 <10 11~15 >16 0 R
A 5 B AR (AMO) 25 <19 >20 13 R
Tl e (MTZ) 5 =16 0 R
I 3 Z (TET) 30 <14 15~18 >19 16 1
S FL g AR (CEZ) 30 <14 15~17 >18 16 I
3k FeLWR Al (CPZ) 75 <15 16~20 >21 17.5 I
HEHFHEAM) 10 <11 12~14 >15 13.5 I
AT Z(CLM) 30 <12 13~17 >18 23 S
7 M5 22 (CLN) 2 <14 15~20 >21 22.5 S
Sk R (CHA) 30 <14 15~17 >18 19.5 S
K PR 2 (MIN) 30 <14 15~18 >19 19 S
S hEE K (CLR) 15 <13 14~17 >18 22 S
NV HL(CIP) 5 <15 16~20 >21 23 S
Hﬁﬁﬁ%‘(b 120 <12 13~14 >15 28.5 S

£ (OFX) 15 <12 13~15 >16 25 S
25 SCY Jr 85 bk 0 T 24 358 R A 25 38 80 (1) SC Bk 4 Ar
Table 5 Correlation analysis of genotype resistance and phenotype resistance of SCY isolates
Pk F I 2y 44 R M 245 S A
FH R (PEN)
SR PG AR (OXA)
R $i7 P8 #R(PRL)

SN R S AR Bell \BLAI

P - JeF A BE(CTZ) ‘
KA FA(CTR)
B 5 PG AR (AMO)

LIk R FT 1 BK(BAT) mprF \berC  bacA

RN PR B R (S) vanR \vatH .aadK .vanRF .catB2 .vanRG

anthracis) M J5 2 42 2F AT W (Bacillus thuringiensis)
SFORGOR R BOE MR, fE A 23S TRNA JE K /) 2>
PR LU RX 4 3R 3 R4 EE 7 Sy T kA
T S R PH A, AR SO S 7R NR B0 %8 vhoxd e 2y

BT SCY 73 B B A9 I e 45 S, A T b e B 45 R HE T
R, b IS AR 28 MR TR Y A S — It e T

b AR TIE 52 T 32 DA A I R 2 LR A

JE T SNP 43 B g () R G dE AL iR SCY 5
MRY 14-0075 Hl NC7401 B ¥ %) 26 2 & R 3T .
MRY 14-0075 F1 NC7401 ¥ Hy il PR 5 B Bk , Hov
NC7401 J& F X it 76 0% 1 25 0 b 58 9 B2 K. 46 0k
HEM , SCY HAWTE M BUN M, & it — Lk
LaTe

ARICR I SCY 43 S bk #5407 T 2 8 2 s A
EMAT A I . HA nhe FEH T 45 % NHE,
NHE # Z 73 i 75 5 80 AN HE 8005 NLRP3 R %E /)N
el & b M T FHEE . CodY 5

J W85 2 LR T A 0 B 1) O I K s B R A A
PlcR 5155 JIK PapR B B2 & W , 45 5 K 25 B T
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