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Abstract: The DNA of two Bacillus cereus strains, isolated from soy sauce residue, was extracted using a DNA extraction kit and purified
using a gel recovery kit. A high-quality sequencing library was constructed, followed by whole-genome resequencing using Solexa sequencing
technology. The quality of genome sequencing was assessed and the genomic information was analyzed. Mapping analysis was used to compare
the mutant genes of two strains using the reference genome, the common mutant genes were singled out, and Clusters of Orthologous Groups
(COG) annotation, Gene Ontology (GO) functional annotation, and Kyoto Ency clopedia of Genes and Genomes (KEGG) biological pahway
analysis were conducted onthe common mutant genes. Using the results of these analyses of common mutant genes combined with previous
literature related to salt tolerance of Bacillus cereus, the key genes that determine salt tolerance were singled out based on the analysis of gene
function. In this study, 49 genes were found to be associated with salt tolerance that may play an important part in the process. The mechanism
of salt tolerance was explored inthis study, creating conditions for comprehensive utilization of soy sauce residue and providing an important
basis for further research on the mechanism of salt tolerance in microorganisms during the fermentation of food.
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HRLL RN AL, B R A HU AT 25%-75%
X [a], WA V4. EREY, (&R R
FEACT 10 B 728K T 25, H"WARN"; fF—1fr
B IRV EK T 5 8 A 8K T 20, R"FAIL".
MIXAN B ERATT AT DL B 0l e 1 o3 & L35 £
Q30 Ju Iy, WP R, IS R
223 9 & #A4F (Per Base Sequence
Content )

AT A reads EE—MUE, Gt ATCG PUAPH;
B oA . i 3C, MEMAERAE, P Ea .
IEHAEOLR, ORI AL B VU PP R H AT B
o, DUSRERRAZ AT BAR BT o i SEfm il 3 i
AT RE A LU N ZE 1B : DU SRR A E R Lo B2y LA 21,
B8 2 o7 B Bk I 22 (bias) , X ARERTT R
over-represented sequence fy54; DUSLRPATHSE 4
FE, X ULIART A AL B I L — S R I bias,
FEAEARESCEF bias BE M FH IR G RZ. W&
T, AL E 1 AT Ll 5 GIC e FAE 2= i 10%,
fR"WARN", AT LLfil5 GIC thfilAHZE BT 20%, 4
"FAIL" . 7E ARSI i L AR 22 it 20%, )
"FAIL", (HIXANFRbRANREAER AU P EEAR 1),
1X 32 B RN Bt U G R i, I ol A
B, AR K saE I T W 2, RIF A
Ak T b AR e I D, XV H Ak I e LE A mT 5
W BEN LR F o
224 3] GC 4= (Per Sequence GC
Content )

NP 3D, LR RPRE L, WA (fF
BRI, HIME R4 GC & =HEWr), AEH

KME 35%, A—5E AL 50%). TR IE BB
H PR TRE R Gt 25 . WS B 20 11 reads
I 15% 0, HRWARN"; i 25 H 18 7340 1Y) reads it
30%H, HR"FAIL". A BRI & IEA 0, H
i B HER 040 15%, TR"WARN", W] REMF e —
4 2 Gl 2=

225 RiRAA N-4=(Per Base N Content )

W AN BERE IR 2% reads (3N B 3 i
T ABRIERE, BA A N". XA reads (AL
B, Gk NHER, Wik 3E, EFHBILE N sl
SR/, FrUAE R — R B, (HUK Y H
Z IS RIE A N IAFLE, X2 LAESZ . T4
Y HHALE 0%~100%H) Y6 [ N B REF 1St i, Bdi il
JFRGH T . 2B BN N FIH BT 5%,
IWARN™; SRS ER N WHLEIEL 20%, #
"FAIL". AREAH—KELZ, NRILE RN,

226 M 5 K E 4 A ( Sequence Length
Distribution )

WK 3F, Y4 reads KEA—EHR"WARN"; 4
HKEN 0 1) read FHRFAIL". 1245 R ERKEA—
H, AHRRIE AR PEE 250 bp.

227 MFREF45 (Per Sequence Quality
Scores )

WK 3G, BN quality, HNHSE reads i H . 4
WA /NT 27 GERE0.2%) IFHE"WARN", 24iE(E /)N
T 20 (BHRFE 1%) WHRUFAIL". 7EARRSEIH, 14
B H B 37, MR .

XF T H A B % B & PE A 40 Overrepresented
sequences&Kmer Content #E /& pass JR# .

2.3 LM 7 BAE 8o

I v B A I s i £, DL
(mapping), % (assembly), MIFFHIEE, &
(peak) Z3HTLA K R DIRE 7> e . HrR R IFDhiRe 7

Mr a5 RITh e R, Gene Ontology 7341, pathway
IIAT R ARARIX LUK, T AR B EAZHR IR R DNA,
RNA J M = AN7K P b5k A vy e 5 K] 2R304
I, FEINAT SR G 0t T A0 Il R o AR B
HEAYS, Guit Rt EN RS U R A 5L (1)
W FE 7], BT g A ey R DR 2 8
IR

231 ZFERELRBIEH

2.3.1.1 . SNP {7 skl f 73k

S0 el RS 22 FE R H O3 31038 e
Rl SNP (single nucleotide polymorphism) ¢ InDel
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(Insertion/Deletion) 13745, B FL 245 MEHEAMAH]
FHZH DNA 731 [Rl— o B SRS B S A 51 e i
251, REAFEDFAMAERF A DNA J7 51 [F—AL
B AME TR ATAE 20 IS

IS ASIURE S RN A BT R T S R 1)
BRI, SRR S SRR 2 18— B S

(CNS 3Xf), Fxt—Fse b a7 il g, 3k
RG2S, e X T o 2R S
Fe. M SAMTOOLS #AHaill SNP A7 i, I8
ANNOVAR 5} SNP fir s #4713 . SNP £z 5 G5t 3
B LTI A 2 (1) SNP AL A4l & /124 A4
M (2) SNP AKX I (gmbid X, FER e, BEHR
e~ FEFEABBX D () & Ao B HE R Thfg: [ X FRAR
HEURAR . TGRS, KT B, cereus 25 RILA
16,207 MEEA L, 325 MR ANLAL, B. cereus 26
29,567 NEANL L, 776 DA EA s, Hrp

B. cereus 25 A5 13042 Mz s o7 T FE R gfid X, 7l
SRR R R N T3 R 130 & R X

B. cereus 26 £ 24621 My T 4wi%[X . 5 B. cereus
25 AH[A, KR 43[Rl 25 R i & Fi#s B. cereus
25 15 6,076 Mt LA 4, B. cereus 26 f7 11,580 4
ST AT, T AR R RS AR SRR, ik
A /D ER o I LIRS i 2k
2.3.1.2  InDel {7 s K Ko i %

InDel BI4N/ERIE, JEFaPIFPoE AT A RE PR ZH
MZE5, M A—ASERMN S, HA— SRR
W — e BB I FRTE NBLER o X LS IRTS 1)
—EHESC (CNS ) BEATIRdR g, $R1G Ml
SRR Indel £7 i3, FEXTIHEAT /0 AR RE . 8
SAMTOOLS #4631l InDel £7 45, 78 ANNOVAR
% InDel £ £ AT R L, InDel 7 £UAHX 5 SNP £
M TIRZ, 5 SNP 2RMLL, PIRR K4/ InDel £z
R T RE R AG X e /] Az F_ B NI IX . 5T B.
cereus 25 7> HIA AL X g 142 A, R . FiEX
288 />, T B. cereus 26 437N 219, 4394, X T
TR el N B A7 i, R A RS 5847 , B. cereus 25
87 NS ZRAS (7 45, B. cereus 26 SN 137 MG 5
A 55
2.313 AR AT

XRS5 9 i R Rk, BT UK LA (1) SNP A
InDel {7 & SHAHRFE R BT 0H. BT ik
HARH AR, R I R B A T N P81 5
OB FET R, K SNP A7 85 8% InDel 17 55 43047 (1)
FE AR ik (RIS AT IF, 4 B. cereus 25,
B. cereus 26 WHFE SIS YIS O s EREAT

150

EEoxF, R EEX (5 ST 23 B i R X AT Dh e i R
(COG. GO K KEGG). A7 Ak Rl G BL A
434 N3 InDel Az, HA K E > B0 T B X A
HE LRl gt A X HL 4 K98 7> #0J8 T- a5 A8 A, 45 5
13646 1MLA SNP firsi, KA TR BEgwLX, b
B AL T RN B, AR AR T A A
8]
232 MmPEEAZFLE COG iEH
FAERFVER (COGs) HUH e &% 41 B
BERMEAZEYIN 21 A58 BIE R g e B, AR 4
ARG R R IR COG ST TN B A 1)
Th REFIEE AN R H b B 3 ) ThREEMIR A o 7E 73
Hrep AL blastall AR PIRE 34 B0 L 5
COG Hft Bt AT LS, JExf boxal Rt ATy . St
TR E R SR B, AR Thae
B D RE K5I BY Hoxt S R S4E R Y, general
function only it 200 4~%:[, Amino transport and
metabolism A #Eid 150 £ MK, Energy production
and conversion, Carbohydrate transport and metabolism,
Transcription, Cell membraneiwalls/envelope biogenesss,
Inorganic  ion - transport and metabolism, Function
unknown % H #2 7F 50~100 4, Chromatin structure
and dynamics, Cytoskeleton YA ANl FRZE Al 1% 15 B
i £ PR A T RE 5 — te— MR D e Bl F 2 S A oL
BTz N R A A SR B IR I K

233 #A LFAE GO ALz k

GO (Gene Ontology) DjReid:feAt A NR
HEEREX, NR B 2E v Br A 35 TUR 1
GenBank CDS X [{jll %751+ 57% 7 5 & (1+PDB
Hdfs E+SwissProt 2 H #dfs 2+ PRF 2 #dfi 2. GO
DhRETERE A 2 4y F I RE (Molecular Function), 44
id F£ (Biological Process ) F14H il 41 ik ( Cellular
Component) =AM, FEESEHEIER Th e 0 hrss
FEE RITh RERF 7 1 S A i f# A Blast2go f
WFERILA RS NR A AT, AR 1)
GO ID, ik —BaEE N TR Y, GO Thi
B0 # N 104N H , 755 T RE LA ik
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JEAE R ORI ER ], NE 120 /S, HARA T B ik
WAL AR, BEE. BAKR. ATP At FE
MR RE SRS BTERE, EEYERET,
integral to membrane 5 KMILLE], #Eid 150 4, H
TR, RS TE4EMR4cH, ATP binding
%, #1150 />, HAhRIA DNA binding hydrolase
activity %%,

counts
0 50 100 150
L i

ribos ome
cilisiion fo
ATP binding
hydr
sequence-specific DNA binding transcripion i

234 *A THAE KEGG &

A= )iEE  (Biological Pathway) ZMH73ET Kyoto
encyclopedia of genes and genomes (KEGG) A:#2£id
% B P (http/Avww.genome.jp/),  Herr, FEREIZ(E R
TEMETE GENES Hdlu e 5L, CUHE 5a 48 M 700l P (10 22
RIZH P51 B8 i I ReAE A7t 75 PATHWAY £ 45
FER, BFEE MR A R aA R s, (B
At AR, S R R IR Bl HE S
KEGG 155 — ANl i J& LIGAND, i &b
i BT BERNEGE o AT INE i 4%
(A FE R, RS Atk AT AR Yl B AR i, B
15 14 PRI R AL AR S BE DR TSGR AR a8 v AT E% B 0 T
Sy WT DR IR S A R OB MR B B e ),
B B nas W M AT 5T, @i Fisher Exact Test
5 p (i, HH FDR J5ikst B Mt 1E, 183808
1EJ5 K Corrected P-\alue (Q-value). LA 0.05 A&
PEBEAS R R ESMHN TR BEA SR XN
KEGG i@ ™Y,

2.3.5 AP BRI

R kIR IE, B. cereus ATCC ME 2 5
Na'/H' . K'izgfi, ks =iki%ia, S5 R8N
AMNMERDEUR R St R JE R AR 7 35 AT e 5 L 6
PERE DG, dlid 45 R 1) GO KEGG J¢ COG yER4
R, WT2H R =S RRE R AT E, YIP IR

7515 A T P S PR B2 i R B0 75 3
49 N ER ARG IR, XU R 7R COG yEREE 3
BHYS Na'H . K iz Fod S e B iR i
EHA, GO DhfgifE 325 ATP binding. 5 il iz
A B AR M, T COGIGO JEREIIX 49 AN
H7E KEGG g KH 4 2 null BPIRAES, RZAE
KEGG HHf i A B, 1 HoAth (1) =Ml 6 /2 KEGG
WK R WA 248, RNA [/ fil ABC transporter

3 g

AT FCE IR 2 P 73125 T8 I v FPOmee BE 27 AT 1
HEAT 25 RI2H Solexa M JFHE A, 315 H ALK AE B
38 I RIZE B, cereus ATCC 14579 1E N2 R R 41

TRPRI I R, X IR Rt T R0 H )
REREATIERE, X RIAT COGHERE. GO I)
REVTRE I KEGG AW Is & it it 276 LA Egr
i 45 Fnf =R IAFE Ik R AT %8, D3R5 540 e
i ERAEAH DGR FEDR o T 25 ol 0 g PO ke
#E47 Sanger Wl 56niE LA e 47, LAsE—2D A
S R (1 A /KF FIR N DRI R AL, e
JEPE L DR i ER AR E O T SR AR A
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