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Abstract:  Bacillus is one of the most widely used biocontrol microbial resources in the world. In the era when genomics has become
a universal basic discipline, the combined application of transcriptomics, proteomics, metabonomics and other multi-omics technologies have
become an important means to deeply reveal the biological characteristics and biocontrol mechanisms of Bacillus. Currently, the NCBI database
has published a total of 10 813 genome sequences of Bacillus, of which 1 842 have complete assembly annotations, accounting for 17.04% of
the total number. The secondary metabolite gene clusters are the most conserved and specific part of the Bacillus genome. They are not only an
important source of natural products, but also play important roles in the interactions and life cycle between bacteria and the environment. Up
to now, research on Bacillus has mostly adopted integrated omics models and bioinformatics calculation methods, focusing on the mechanisms
of Bacillus resistance formation, biofilm formation, colonization, growth promotion, and induction of plant stress resistance. With the continuous
deepening of research, the gene regulatory mechanisms, protein expression, and metabolic pathways in the biocontrol process of Bacillus will be
further elucidated, which will help discover new biocontrol active substances and optimize biocontrol strategies. This article reviews the research
progress of multi-omics techniques such as genomics, transcriptomics, proteomics, and metabonomics on Bacillus. It aims to provide reference for
the analysis of the biocontrol mechanism of Bacillus and the in-depth study of biocontrol strain improvement.
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Fig. 1 Analysis of the biocontrol mechanism of Bacillus under omics technology
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TR AR 0 A BRI R i T
antiSMASH 5.0 ( antibiotics and secondary metabolite
analysis shell ) A ] Ft i 3 DX 4w A7 76 1 IR AR
WAL R, REREAE S B Sl K 2Rl F0 o3 M A
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BEDR A 13 28R GARI 7 W ) SE A FE R T, G
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(lanthipeptides ) 2 5 mersacidin i) & i, % — 1>
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bacylisin. surfactin £ ¢ 1 spoVG. bacA. sifAA AMP
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WA W B K %, M TET A B. velezensis T &
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W, BT 15 ARSI R IR BAC 7 P& EE
L0, R AN R U A T B L S
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5% macrolactin Fl difficidin [ 35 R 5% = BEAR ST (4470 N
[F) BT R R AR 7 0 114 22 S M 5 1 ke DXL 2 45 ) A
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WL 75 25 MO B8 BE A8 78 22 8 Y PRI vh A AE AV EEATT
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SR AR EAE R L . TR E SRR
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B, T AR A VA DGR R AU LT 5 g
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BRI AT L A — ol A 2 AT TR B A RSP TE E rA
YT, BE R PleR 7o — i F i e ¢,
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FERMANA S PR S, 2 094 AT Al TR HER
IR R T BB s NI BT B R A i
W Fusarium pseudograminearum %§ Ul 3301 25 M AT 58 19
BESER VAR T 5086 MR FAILH O
2.3 HERULF IR O MOAT I A M IRETY RRALE 49 AT 5

TEA I T AL 1T, 2 A RS sk
BRI T B. velezensis FZB42 AN[EI ST 2= 73654
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Sinl/SinR A4 43 P 45 14 Z2 Fl AbrB 3% 22 90 i ffL 41 2
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24 HFUAFEFIOATA LA AR E DGR
e SR A 2 oy B © 2 A A 5 A A BLAE
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A KRB TR B O C A WESE I e S A
Brda 7R T 220525 28 R P £ 20 A A A R A o g AL
T SR A H ET LGB B R W S R A A
FT R I R AR 1 sh AR TE T ARAE AR Hh 2
M RCZERAT, A K R AL SiPin6 1 SiLaxd 13
IRFEHERNIS 48 h ik BEAE, /KRR (SA) MKt
BifHIFRIC PR-1A F GLUA W 323k WIFEFE RIS 96 h ik
@Jm%ﬁ“”o e A A BRYE Bh T, B. altitudinis H
YE T — RS (ZPERFRIR ) JEZS RNA, %
RNA AJfi 5 Rt Ak Ry S i 320, R TR 40
B R A LE A IR RNA S48 T IES 7, sl
FESEA R R BN, AE B. subtilis WP, % HEE L 2
SRR T X 2 Mn®™ %42 26 11 AR [R) 2 IR (0 e 2k 7
FERA T RNE S 75 LUK E RS, 4R —y-
DR (y-PGA ) B}, B. subtilis Bk IZN S 340 ( NK )
WEVESE )5 B subtilis VT LB R AR A EE G
SEFA 4> 15 PRI DR IR 0 22 2 Wl R T RESE A 11
oM A B R R O
3 FRAEMERRAFEAR
3.1 FRAAHEGRMFF RGRRS LR
R BESE EstL f5 Bk, IR AThRetEE
PR I RE AP T 5 T2, SR 1 T4 proteome )
38 M A 5 &K AL 2% (proteomics ) T2 H &
SIBUR T S At 7/LL NN 2SN 1) O R A DT e Rt
fERLE, WEEARZMHERR, BREAR

(yIhaE 7, SEMAT R R E AR —
) B Z iR 28 9 TR AT T 2 1 o 2L AUE 5T B 4
W X A5E H Michael Hecker 781, JHH K& 3K
Tt I AT £ 11 5 4 335 B AR ) AR A B B = A
AL R, e ST R T R A E
B, 2 2 BRI U0 R R I 7 4 5 g
XA, AT LABESE S 5 O B A A o A A e
FFTA BT " A, BT AR S AT L3R AS
FXFE &, V2 E BT LIRS 2 g (BREEA
AN DUR) 0 BIAE R R i — 4,
|l DL o AR N A2 B 45 A RS (in-cell crosslinking
mass spectrometry, co-fractionation mass spectrometry,
CoFrac-MS ) W78 & 1R HAER % %, X% 7
VAR 2 A A R OO, X T Y R B
TR EAEEN, Kb R Z IR
H T, ROy XA S RE S B R AR
O'Reilly 45 7 5t 1 FH] A% 14 52 6 45 4 J9 33 I Alpha
Fold-Multimer %85 J5 ik, TR B ZF MO 18 b 30
THE A R S AR
32 HOMAFEFIATE L6 2R

N AME B A ST e T-Be, pERR 2T
MR IR AR BOE . e ek
Y ER LR N, S BT A
FE B. velezensis SQR9 FH T3 2 2 58 il A= W) B TE B 1)
K 88 ; WF9E B. amyloliquefaciens B B 53 4k i
I NusG ZIEMRG L E ™5 LK B. pumilus B
R B R 3 S ML R 2R R LA et
% (trans-translation ) S& 20 7 P EL A1 B A RO K%
AR RUR ST, M BT O S R B b 2 B (K
AR R PR T SR > R R IRB= XA
B2 LR T Y £ 11 5 ORI AR KR A T AT 5
Wi, e BT A TR, ssrA iR SR IR R
P AZ B RS 3 B3Rk, 35 1 BT A [
IRENINA DT R
33 EAMAFEF AR LA 9T

A A E (B thuringiensis, Bt ) E—Fp
AE A Z R R R E A RBUEY), 1R A
PR E R 5, FHRARAIRN, P AxTE
YOERTIRE R I AU E R BT LC-MS iR
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P10 L 2 AR B A A I R 5 5 2 4 2F AT R 8 2R
B EE Iz — L LA, JBJR1E BBk
R BUBT I B e A SR 11 KhFA I KhEB, DR Y
AN thuricin 17 S8R 7 E AT
DLy 25 A R A T AR e 2 AR 4 5 L
AR TSP ER X RGNS, R
IHTRL, TEIR & B F AT phaC MBRIEZ 1A,
PhaC HBRG T80T TR ZEAL , MRS 2
IER T polyhydroxybutyrate (PHB) &2 1F B M
AR R SRR, R
% G AL (penicillin G acylase, PGA ) =FE A A
FHHFw RS, 4 D ZEREAS PCA mR LM
HE KA S, PhoR Fl YxiE 5 PGA {5 23570 Wh
SEPLEIA S Zhao 1 Xt B. amyloliquefaciens
ANHE DR 2H s T bR R A T Fe B 1 Al e o A, A
B 22 F RN E AT 46 1,345 surfactin A BT XK.
4 FRAENKRBEFHAR

4.1 R FAFA T i%

TERGHEYFH T, AR (metabonomics/
metabolomics ) WF5E 287G HORME S, B —FRAE
— A 0 A A R A S N T AR A AR
U W AT R R A A B Ok T AR
K, BUEMRB A AR A e . BRI
THSE I % AR T SR A e, SRS B
7/ VARSI R 1 Y S R O I R )
L HARN A IRAR T T R0
A AR I EOR ™ i T AR 1, B LA
AR 27 R 24 0 8 T R FRARAE A AR At 1
T R AR 1 AR R A 4 N R
FE ) A A A AR AR A 2, FEHER AR
W 1% 3 R £ R (nuclear magnetic resonance, NMR ).,
A S S B 42 R (gas chromatography-mass
spectrometer, GC-MS ) VAR (635 B i e FHE AR (liquid

chromatography-mass spectrometry, LC-MS ) 1021057107

NRM =20 FHFHE m A 2 2 0, ol &,

BT, AT E AL AEA R, (H R U
JR B M (MS) AR V™. GC-MS R A 4y
HERsE, R 2L S SR, HREX e F|
(AR AR X A b D10 LC-MS T ELA S R

R, I HAARFWEZME, LUENE
FERBES), BRI 2 SUSEAR - 5 vh e E
AR T-Be, (HIR I P B i A A0 B o, Kl
JIE R R S8 3 L O AR, BRI LC-
MS/MS (ultra high performance liquid chromatography-
tandem mass spectromeitry ) ﬁkjﬂil FE‘E [ﬂ’ﬁjlﬁigﬂﬁ’ *ﬁ E/‘J
BFBL BT LC-MS B — i, LC-MS/MS 3
Tk PR R SBT3 A DN P LA S D b R 0 £ ) A A2 4 2y
PR E A Y ) shA2 4k, b3 22 AR
Wy, SR R A A A S A
42 R X F HAF A Rt 0 547

i A A A E 5T 2 AT T A B AR Y
R AR AR a8tk , A B T R B 19 A=
Bis % PE W BT ZF AT B AR ¥ macrolactin J Al
bathiapeptides i 17 NMR W X% E ok L2113 ] ; OB
WA Cacetoin ). B —Hg — T g ( dibutylphthalate )
M 2,4- KT HIEE (2,4-di-tert-butylphenol ) 45 Zf
JRUAF TR 7 A B 45 R A PLAE & Wil 3 GC-MS %58
o T T AR 1) LC-MS B4R 4 2 T L
PRIHAT R 3 BT R T 25 FAT T Y R AR A ™
Pyt b, Farzand % 7RI LC-MS g A
T 47 R AR AR R E AL S, R IA 19
P EATIN AR, I L A Oy mT LA A%
W ( Sclerotinia sclerotiorum V2204 . Zhang A I
M B. velezensis 9-1 Fl B. inaquosorum 76-1 1435113k 4%
TPRING TR, XPIFIKXT S. aureus. B. cereus Fll
Salmonella enterica FLAT R AT TETEVE
43 RALLEE R RAT I A B LR 69 B 5T

AL 27 0 ST 2 AT 1 1) 24 B A/ P 2
TR AU . o, AR T RO 2R AT
AT AR B SR AR AU Y. B. subuilis 77 FEHY B-
i RMEWE (B-glucanase ) H. A #101 il % i 25 (Asper-
gillus ochraceus ) HIAEH o s B. albus M4k #1432
WU AT A R KRS RS T ( Xanthomonas ory-
zae ) '"'; B. velezensis (] 7-0-Succinyl macrolactin A |
telocinobufagin Fl surfactin A °] LL5Z W Colletotrichum
changpingense 73 A= ftl W7 A= R J, I T4 22 4F
K, FFESELAIE P T, R LR
i “RERR - EBTI - ER” BAREAERIC R, B
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W ISR BOR Y BT, —TFSE T, AT 4 BREF
JEAT B8 o 45 285 Rl 85 72 A2 19 ochratoxin A AL HA
RIS TIRE ST, KB B. velezensis P1 1] LI &1
il A. ochraceus 9/ K R A 2, H=,
PR 27 R 28 MO TR 5 A R 7 2R RGPt T
HITuEYE . B. paralicheniformis (%) T BEHE B X 27
P EA RAFITSHUER, LC-MS FSLi sk 9],
B. paralicheniformis i 14 WG PUA LB I, SRi% T
AR I R GEHE USSR ) T 42 e T,
e, A 2 R 2 AT T B U Y R G AR
THARZZ, W UAARBERT AV IHAECR .
ik LC-MS 734 kB, #hsEkil . RIEFI A L FEAN K
Bk n AFE R B. amyloliquefaciens JEKISALEWIHI
B, USRI AR S T
5 SRATEI7ER IS IR & R FIRRST

W& 20 7 BRI AN W7 A i LA B 8 K, ml g A
BN 2 sy DO R 1 AN AR ST B B2 i AN
FAFMAT AR ALT 2 CEHZE, ZH¥ WG
FHE &80 i b FEAE B HLH ) T B, il 4
HE DR A A5 S dH IR T, T DA B 28 AT T Tk AR
P L IR A 56 L IR g kA i 1 IR B,
amyloliquefaciens GKTO4 B F 4= 3 [H 41 F1 5% 5% 4 4y
B, EIRRAERDH F. oxysporum f. sp. cubense race 4 A,
difficidin, bacillibactin, bacilysin FHOC I LR . &
i sl

R ZH 7 Bl T AT AR B 28 B AT B 7 AR 1Y
PR Wy S AR WS, R IT ROR B AR AR 2 A
WINERHRHEAT Iy 33, WA L SR AR5 20 B
AL AR B 2 U B L 2 A R A i A= P
FEW R BAERIE TS BB AL A AT vk . Bl 24
i I A A A IR G 0 B, XS TR B. subtilis
Z-14 PG K 2200 F. oxysporum f. sp. cucumerinum
A B LTI TR SE, R BR Z-14 38 5 400 ) e ) TR T
22 1 i BEFO AN N IS . R HE AU AN SR 5 AN,
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