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Research advances in CRISPR-based genetic editing of
Bacillus subtilis
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Abstract: Bacillus subtilis is a generally recognized as safe (GRAS) probiotic and an excellent
industrial chassis strain. It possesses advantages such as strong heterologous protein secretion
capability, robust growth with low-quality carbon sources, and negligible codon bias. Since 2016,
clustered regularly interspaced short palindromic repeats (CRISPR)-based gene editing has been
successfully applied to B. subtilis, enabling precise genetic modifications, including point
mutations, gene knockout, foreign gene insertion, gene expression regulation, and base editing.
These advancements have significantly promoted the development of B. subtilis as an efficient
microbial cell factory and have shown broad application potential in agriculture, pharmaceuticals,
food production, and synthetic biology. This paper systematically review the development of the
CRISPR system in B. subtilis and summarize its application in the efficient production of various
products. The aim is to provide insights into the targeted optimization of metabolic pathways in
B. subtilis via the CRISPR system to achieve efficient and stable industrial production of target
products, as well as to offer references for the further development and application of novel gene
editing systems.

Keywords: Bacillus subtilis; CRISPR; gene editing; gene expression regulation; synthetic biology
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Schematic depicting gene editing based on CRISPR/Cas9 and CRISPR/Cas12al**!,
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Figure 2 Schematic diagrams of the CRISPRi and CRISPRa systems'*”.

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



1872

GONG Hanxuan et al. | Acta Microbiologica Sinica, 2025, 65(5)

base editor, CBE), A %I G 4 f1*) JIig N5 04 i 5 2
# £ 4t (adenine base editor, ABE)P", LI K g T
A, T, C. G4 Fpus AT 2281k 19 55 5 g 4%
(prime editing, PE) 45PN 1 X6 Bl ik S 6 40 24
Ty 1, ARZOFFERIAIT & T RE#EAT C
#) G Fie L FIR T C B T 5 A ) G B H#enyms
oA B IR, XA R 4R DY T
B PR i 1 O GBI, BE REEC 4
T KM A IR (Escherichia coli). 4 15 (0.7 4
BR B (Staphylococcus aureus). 4% & R # T
(Corynebacterium glutamicum) . i & v 57 A QB
(Klebsiella pneumoniae)~5 2 Fh 21 & 1 S EE T Al
LR

BE 7l PE ZR 40 A 52 B 5 A B AR R 46t
SR R A SR AT R, T T AR N T fE
WF5E s AT F L F DR DTER (] 3). ERMAIR A G
®H, iz BE3 240K CAA, CAG 1 CGA %
AR R # S F(TAA. TAG Fl TGA), SEFELT
100% Zii 4E 505 1) U SR R pvESE A Thfgate e, H
i SR IIUT R TC2CC2AC=GC; [R) B 7 HE i)
i 45 EC T 19 B0 71 B T (virB10) AL R 3R 1, 13 4
RIWFEH T HER TGP, Wang 5EP7E CBE Ry &
filt I T —Ff LA i 4 Sy H BR A JCREAR 1
F [K] 3% 3K I #2 (base editor-targeted and template-
free expression regulation, BETTER) /7 &%, HF
DEAL A SRR B A T A AR A R AR . SRR
BETTER J7 VA 1552 2% 2 5L R 45 o 2 v 1A 4L
P, Wang SFPSBETE T[] et B i 2 S R AT R 7
MELE YA BB E T 10 4 S
BETTER T H., {5 I il i 4.8 1
A CRER . BRI, ST BT L DY A R
BE #il PE i 5240 . FRARMERIACR . 38 K i
T AT AR AR

2 WHEFHATHEF CRISPR/Cas
HERBTEHNLE
F 2016 4£ LAk, CRISPR/Cas % 4t 7F Al B

>4 actamicro@im.ac.cn, 7 010-64807516

ZEAUFT IR S TR ORI R R A £
FER G RAE . RILFERR . ZREEEUE . KA
B 55 AN A/ MG I R 9 A GG L R B4, [RIRs,
CRISPRi. CRISPRa #ll BE &4t %51t f& T H 1T
B, VIR CRISPR R G454 AWML s s
A SR A B EE, CWERLEY
il 45k, 2016 4, CRISPR/Cas 240 1 R T
Tl B ZF AT T 1Y 8 1% i, il 3 CRISPR/
Cas9 iR IMEE T B. subtilis 168 1 trpC2 H
R 52509 G, D dCas9 ly LAl Y CRISPRI
0 17 P A 2 AT B 4 i PR A RS 114 5 PR Ty
REMF 7, 2017 4F, T CRISPR/Cas9 A,
FEAR B ZEFRAT B P SE B T AR B K A B A
2H e TR i AT 2018 4F, CRISPR/Cas9n
N A S ZERAT R 2019 4F, Lu ZPF
&% T T dCas9 1) CRISPRa T. E., 2020 4,
CRISPR/Cpfl Z4:H1 MAD7 72844 ] T4 25 25 71
FF B 3 D9 4 4149 CBE 1 Uk ML A 2
KT B, 2021 4F, Kim 2R # 7 A4
rAPOBEC1 #ll PmCDA1 i) 4 # CBE; BETTER
77 s % 3] B. subtilis 168 11 ¥4 ## RBS 3¢
JEPS ) 2022 4F, ABE 4545 CBE I JH T M 55 2
AP E AL, BN IR T A B 2R A AT T X
EEmMAEEN MY, BEARSS
CRISPRi R G454 M FHG W ZE AT B, T
PR TR B RS T R A 27 o 0 3 3L B
=0 2023 4F, Ferrando Z:P"JF & T CRISPR
RGN TR A Z R IR A T %, ST
FIEAF R P — 2 2R AL 2024 45, Zhu
LA GRS LR 2 RS CRISPRA fifi 16 1L 7]
CRISPRa i, FH T3 5ok o 27 F00 4T 77 d 20 2R
F&ik; [AIA CRISPR A9 I-E Y 0] 4 f R Ge b
FAH BT 1, BE#%F CRISPRi, CRISPRa
F1 BE 45 CRISPR i [F 4 7 AR kA B,
HE— 25 Fh T A B ZE AT TR P ) R g R S R A
NG FE Ak AR T AR 5T A A A 2
BLFHE 4).



NE 5| YR, 2025, 65(5) 1873

A
dCas9
sgRNA
3
Cytidine 5 Geno.mi<.: T 3. 5’
deaminase DNA binding, .5’ De;tmlnatlon e w3
and opening 5'--- i3 oftarget C
_— e
Protospacer P’ /r}wM lDNA replication
'—Aﬁ .
e 5 or repair
<. TN . T
Genomic DNA 5t — 3
Base-edited DNA
B Cas9 o Deaminate
nickase & Binding .and open target A in
\xg, ROX genomic DNA ssDNA bubble
h AR M 5 S —
Hypothetical Q% A Nick non-edited
2 strand
3leee e 5’ 3eee e 5’
eI > T [T
A I
Protospacer PAM l DNA repair or
3reee o5’ replication
seeee LALLLTTIRLTTTTTTIOPTITIITEIN. .0 p— o
Genomic DNA sreee LSOOI, oo
Base-edited DNA
(€
RT:
RTase pegRNA — Rilase o
Targeting Nicking
Step 1 caso (H840A) >
PE2+pegRNA DNA unwinding Single strand DNA release
1 Primer binding site, PBS
[ RTase template, RTT RTasePSERNA RTase _Pe8RNA
: Reverse
[1 Spacer transcription
Step 2 & Cas9 (HS40A)
Hybridization Polymerization of edited DNA
3 ﬂap 3! ﬂap 5’ ﬂap 5’ ﬂap
hybridization removing DNA repair Desired edit
Step 3 s — TIMranT ——» TIT
DNA ligation

E3 CBE (A)®!\ ABE (B)*'FIPE (O) &G ~=E
Figure 3 Schematic diagrams of the CBE (A)*”, ABE (B)™, and PE (C)P® systems.

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



1874

GONG Hanxuan et al. | Acta Microbiologica Sinica, 2025, 65(5)
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Figure 4 An application history of the CRISPR/Cas system in Bacillus subtilis.
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168 1 289 4~ FT L H Y sgRNA SCPE, KLY
95% 1) CRISPRi [ FEF I A K it fs, 2
80% BRI A K AE K U 5% BEAH Y ;. CRISPRI
DT e RV D R PR 24 94% F P HE TRIVE AR /N
HL 005 32 DR R TR PR R 2 60% LA BT 78 T 25 L4
e, st CRISPRI B iE 2475 5L [ i 3
iE, RICKRHMIGELTT R ylaN 5K ERE
BRFAAE G, (B AN TS INERES, ylaN FEH W) AS
M AR DT, FE LA R AT B R RS 45 TR AR 1
Tl A= 2 H, CRISPRI 0 J) 184 i 4 & ikl
BRI N- B A v A )
e, FOAR BT E i CRISPRI #
Y16 e 4l AR 3R N 35K . Westbrook 2P|
JH CRISPRi [w] sf 410 il Ak B2 25 #6141 5 09 pdhA
leud . ilvA J sigF SR FR3A ,  SC 90 4510 2 IR Tk
T 144500 b B i —Bse v, i o
Cas JE A mRNA 19 5" ERIEX, fifb T 17
CRISPRi R MIINRL, I Tl 52 AT
W4 8 D-1Z BRI ARPRL
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*1 HEIZFATETACRISPREREfmIERS

Table I CRISPR-based genome editing systems in Bacillus subtilis
System  Strains Editing types Editing efficiency Purposes References
types
dCas9 168 Single plasmid, The fluorescence intensity of GFP in Improved the growth rate and ~ [38]
CBE, point mutation RBS library spaned three orders of  glycerol utilization efficiency
magnitude
Cas9 168 Single plasmid, KO, 7rpC point mutations 100%; 4.1 kb~ The first CRISPR/Cas9 tool in  [39]
point mutation KO 97%; 25.1 kb KO >90% B. subtilis
dCas9 168 Genome integration, GFP and RFP suppression intensity CRISPRi library validation of  [40]
CRISPRi 0.01-1.00 times essential gene functions
Cas9 168 Dual plasmids, KO, Single gene deletion 100%; 38 kb Efficient large gene deletions  [41]
KI, point mutation KO 80%; GFP gene KI 97% achieved
dCas9 SCK6 Dual plasmids, Protease genes vpr, bpr, and nprB Dual regulation of inhibition [43]
CRISPRi expression decreased by 95%, 78%, and activation, with a 260-fold
and 98% increased in expression and a
dCas9 SCK6 Dual plasmids, GFP expression increased by 2.6-fold increased in production
CRISPRa 2.4-3.8 times of the amylase gene BLA
MAD7 168 Single plasmid, KO  Gfpmut3 KO 100%; amyE KO 93% Efficient editing ensured by [44]
homologous recombination
repair
dMAD7 168 Single plasmid, GFP suppression 1.3-3.5 times; Amylase activity decreased by  [44]
CRISPRi amyE suppression 2.0-2.4 times 99.4%
dCpfl 168 Genome integration, GFP suppression intensity Simultaneous gene activation  [45]
CRISPRi, CRISPRa 0.008-0.248 times; 1.8-fold and inhibition achieved by
activation of mKate fluorescence dCpfl-RemA
Cpfl 168 Dual plasmids, KO, Gene KI 74%-82%; double gene NgAgo nucleases improved the [45]
KI, point mutation KO 100%; 6 site point mutations efficiency of homologous
100% recombination;
inactivation of protease genes
Cpfl 168 Single plasmid, KO, Small fragment KO >95%; Higher stability of gene KO [46]
KI large fragment >80%; with Cpf1 protein than Cas9
78 kb KO 16.7% protein
dCas9 168 Single plasmid, 3 site 100%, 4 site 50% The first report of CBE [47]
CBE, point mutation application; 5 nt editing window
dCas9 168 Single plasmid, Efficiency of mutations in 2, 3, 4, Construction of 4 types of base [48]
CBE, point mutation and 5 genes were 100%, 100%, editing tools
83.3%, and 75.5%, respectively
Cas9n 168 Single plasmid, Editing efficiency of most sites Enhanced resistance to [49]
CBE, ABE >60% lanthionine antibiotics
Cas9 BsMNO Single plasmid, KI ~ Single amyQ gene integration Multi-gene one-step insertion  [51]
efficiency 97.5%-98.6% and selection
dCas9 1A976 Single plasmid, GFP fluorescence decreased by Increased expression of [52]
CRISPRi, CRISPRa 5.02-8.36 times recombinant proteins
(§28)
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System  Strains Editing types Editing efficiency Purposes References
types
17 168 Single plasmid, GFP fluorescence decreased by The titer of D-pantothenic acid  [53]
CRISPRi CRISPRi 26.84-34.18 times increased to 12.81 g/L
Cas9 YB886 Single plasmid, KO NT Enhanced resistance to [55]
(168 bacteriophage SPP1
derivative)
Cas9 TSO01 Single plasmid, KO, KO efficiency >40%; 2 kb KI 5% Bacteriophage gene editing [56]
KI
Cas9 ATCC 6051A Single plasmid, SrfC 284 bp deletion efficiency Inhibition of foam formation [57]
KO (gene damage)  9.1%; spollA4 deletion efficiency and spore production
36%; double gene deletion
efficiency 33%
Cre-Cas9 DB428 Dual plasmids, KO, Gene KO and KI efficiency >95%  Insertion of no resistant genes, [59]
KI inactivation of protease genes
Cas9 1A751 Genome integration, Point mutation 85%-100%; B-galactosidase activity [60]
dCas9 KO, KI, CRISPRi  double gene KO 36%; 2.9 kb decreased by 8 times
KI 69%
dCas9 168 Genome integration, FtsZ relative suppression efficiency Hyaluronic acid production [60]
1A751 CRISPRi 25%-100% increased by 204%
Cas9 168 Dual plasmids, KO 500 bp KO >80% Self-targeted removal of [61]
plasmids
Cas9n 168 Dual plasmids, 8 kb KO-82%; 20.5 kb KO-23.6%; Riboflavin production [62]
point mutation, KO, 1-2 kb KI >90% increased by 59%
KI
dCas9 168 Genome integration, GIlcNAc production increased Dynamic regulation of [63]
CRISPRi 81.7-131.6 g/L metabolic flux in response to
intracellular GIcN6P
concentration
dCas9 BNY Genome integration, Simultaneously suppressed zwf, GlcNAc yield increased by [63]
(168 CRISPRIi pfkA, and glmM intensity 88.5% with reduced by-products
derivative) 0.01-0.10 times
dCas9 BY14 Genome integration, Pyk and zwf expression decreased by Lactose production increased — [64]
(168 CRISPRIi 13.6 and 12.7 times by 59.2%; lactose titer
derivative) increased by 17.4%
Cas9n ATCC6051 A5 Single plasmid, CBE NT Elimination of resistant genes  [65]
in plasmids
KO: #Fk; KI: #iA; CRISPRi: CRISPRT#; CRISPRa: CRISPRi#ifi; CBE: MiMAREHiFLLuIHAT; ABE: HRIEMHfIL

ETLES

KO: Knock-out; KI: Knock-in; CRISPRi: CRISPR interference; CRISPRa: CRISPR activation; CBE: Cytosine base editor; ABE:

Adenine base editor.

2019 4F, Lu ZMWI% % T CRISPRa & K
FH T R B 2F AT A BF 98 ROR, WFgT A BB
dCas9 43 7|l &GN 1 o F oo J5, K 3]

RN,

I:'-
ICUR}

GFP it 3 [N A [R5 2 i 0 i 32 3k, HLAE AL 7]
HMIF NP U TE Ry T AT Pk K49 Gy ) 81 il 155 4 Y T
(ELE S A AT A e B R (O

id
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T AE B S AL IR A5 (transcription start site, TSS) |
W B AT A% (1Y sgRNA 3, dCas9-o HEM%
DIASE B ARSI T 2 1) B S B8 0% AR 40 ) i PR 3%
ik, X UL CRISPRa REA AT Al B 2E 04T 1
W N TR AR L R ek . AR, 5 BN
W AN T 1 B 0 S5 AR T RE 8 0t — 25 44
S L PN RO ], AE A 2R SR AT B PO SR E)
22 BT TR Tl o TR TR R iR A B R )
Wu 2578 dCpfl E ) C difl 3 7 10 FhA ]
WORE T, K dCpfl-RemA HA AL E
A, B e B sE TSS i 60-277 bp FYA
[f] crRNA, & HH 90 bp {37 &2 S HR [a] -1 il ik
TR A, YEE S B dCpfl-RemA T ELRHAY
TR AR S T 44.8%. R
CRISPR R GEAE A 2 AT BRT A9 J PR 3k 1 4 1
FHH A3 TR A R, (AR SR A AE — 2B [n] @
U it 22 36 PR 3 18 18 97 1) ek AR A A 4/ A A
Fi; [RIWF#EFT CRISPRI Al CRISPRa JF5mf, #1
57 85 R A ROVE XS PR B 2 7™ 4%, ELAE XA
[7] S5 [T 118 g A 0 1) X AR b 38 K ; CRISPRa T
H A Ss A E b, B RE A
WP, XL AR T B — AL AT S A R
23 WEREIRIFLNA

2020 4, i mEnE L g 22 58 CBE B UK
TS ZE AT . DR AL & B, CBE 7EH;
PERATE D AA Sot R EOWE, 75
PAM {if f5_Fiiff—16—-20 3 B () i B SCR W5 A
6], LAVEM BEEEDN amyE R S, —16—20
DB SRR N 2%, 51%. 100%., 20%
1 13%; 43z 1] CBE T E[A] &) 3 AN il
4 A AT, SRR ST I 100% Fil 50% ;
I, AN A 7 e S R 4 A B R SE B 8 AR 1
FER AR TE R RN B B S W PR R
5 WBS800 A Y ; i —2L 3t BE REAE
B. subtilis 168 FEPRA1(HE 4 106 >3 K 1Y 1] 448
JWHE L, A 3266 IELTEFIEE (N 85.1%)
Al g, 1AL 569 ANTE T 5 R 651X G
ZAER PAM O SRS g, BESE B
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43 9 K B g E e 226 (rat cytidine deaminase,
rAPOBEC1) 1 ifF L #8 62 Jg w& we B & i
(Petromyzon marinus cytidine deaminase, PmCDA1)
A 7E dCas9 2 F1AY N 3 Al C ¥, IR IR IA]
B 118 P AR o 2 0 R i W R A it 410 i) 55
(uracil glycosylase inhibitor, UGI), 4% T 4 FiA
[6 B CBE: rdPOBECI-dCas9-UGI (CBEl).
rAPOBEC1-dCas9-UGI-UGI (CBE2).  dCas9-
PmCDAI-UGI-LVA (CBE3) # dCas9-PmCDAI-
UGI (CBE4), CBE1-CBE4 fifi GFP 4k i % %
A3HEAE) 97.07%. 77.85%. 90.17% Fi1 98.25%4%1,
43HT CBE4 (W gmiH % B & B, 78 PAM i 55
VRS 17-20 RS R AR 71%, T
FESE 11-15 MLARCRIRE 5%-20%, 55 1-10 i
AAG I BN A S W, W9 ks sh 7
FIRVREFEIN 2L K R85, CBE4 R Rik
AT BE 23 100 20 B 67 P DA T AR AR 22 35 PR (] i 4
R M dCas9 FIAMG 3 F R b5 R
R R B TR, 2. 3. 4 A1 S NEEH R S
AR R BER 4y R 100%., 100% ., 83.3% Al
75.5%, {EL [ skt A 30 1) S T30 16 #0555 i
T Bk BETTER J5 5 7EAN [l i A= 4 v i 47 25
PR 6 3k R 9 ) 1, SR N DR L 3 T
B. subtilis 168 H#y#: RBS L%, K15 GFP #Fik
SR ZE I 3 DR ERNCE, Bk T
BETTER J7 & 70 Al B 28 AT o v & e s JF
B R UE T 5 B A1 DR A H I R a8 42 DA HR BB
FE R FE (P goppi-glpFKs-dhaD-dhaK) 1 38 4 B
FZEART R B LR, DL I M — B R
WATES: 6 REER TG, P8 T AERKEEDR,
A A REOR FHH 3l A 2R AT DY, Chen 250
fii ] CRISPR/Cas9n-AID BlFE4mH 250, Kt
C AN T, B RIREE R it 25 2 5 1 2 S -k
LR T, I B A R R OB TR AR
ABaE ZPriE LA, RAGF 0 TP AR 12 T 4L 1
y-45 LA KB P A v 54 15 . WFST A B T ak xf
CRISPR 431 . nCas9. Jifd W e F1 R 18 2 il 2t
o, 5T CBE 454 ABE (7] 4 R XU bR,
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FEARE A AR, STPE T DR 4 RAE G B B
LA, H TR S E g L, It
BT 3 5 TR R R R P B AR A I R
g,

H T BE FR S0 7E 55 I LSS A v 460 T
FOU I PE B, 5 SRR R AT B 0y o
U K BT SO A R R R AT e g
FHZEAE R, B X TR 25 8RBT
o kR R SR A I I RER S G o IEAh,
BE R 41 AL F I8 B0 7% A1 5 A 4% F 2
Mo %—J7T, JA4 CBE Ml ABE O & fEAtBiZE
FOAF P LT, AEATS A AE 1T 4 48 B s A
(A [, L7 [A) hie Z2 S B DR, ik
bR TN N e (L U VAN S B e el )
FFE A 22 B g B 1Y BE R GEA R KR AN T 23
B, LAk, PE ZREGEE A A WAEHS R 2EF AT
W SCHRARGE, ARSRIRSE PE RGO o 2R AT
BRI HH A e 0t HLA R

3 CRISPR % [ % %8 & K 7 A&
EFRHEREE R REFH
IoN:|

A BUEYET, JEAT R 2R TR R IS A
PR PR AT A A% 0 B I 2 — SR X H PR A
Grag A DA ) LA B B i a4 B 3ok il 35 R 1) 2
3k, MM 2 iR E A B =4
W&, Wi CRISPR/Cas R4:HEJT itk
FxX—HAY, #id CRISPR/Cas 40 % il B 25440
FT R8T A 35 R ek s A R AR 25 ik, B
A SEELBE R R . N-ZBEE LA A0 . %8
RESRIEEAE DN bR, D&
P . 2T 2k 2R A e ) sl A ).

Westbrook Z5:P4F ] CRISPR/Cas9 7 A R
ik SeHAS N, 1 3Rk pgsd F clsA FEH
AR frsZ FER ) ek i, B ARG B ZE 1 AT
PR %) 175 B T R T 3 I T 204%. Zhao ZEIOOTA]
F CRISPR/AsCpfl %, fE B. subtilis 168 115

BTE I T 2 B T R A S 3L D] (hasA) . UDP-1
AW - I SR I DY (buaDYLE mpr . epr 7 35 FE A
AV eps FERFR A mR, SEEE T B B BRR AY
SR, A E] 1.39 g/,

Boumezbeur 2517135 T CRISPR/Cas9 5 A [
ARG T e SR A W DS Ay B 2 SR AT TR 24 T AZ B
RO AR AR W PR, e 2l A B b
T 53%. Liu 2% ] CRISPR/Cas9n % 4t i
BRI TN ribB. ribA F ribH %
3D, BRI RS T 59%, KF
1.39 g/L.

Wu 259358 555 CRISPRi 41 4 A 25 25 f k1
T N- BEZ LB A0 A e Frig iRy 3 AL
(ewf. pfkA. glmM), % B4 ¥[8 zwf. pfkd .
glmM 57 5 BRI . G, s, B0
BkE . H RKE, Bk 20.5 o/L BECK
N- B SR A =, W T T AREA
BOR, AER T, Wu 5 F CRISPR-
dCas12a RAGME T LK SctABBLE &
g, ssitighsiemm sz Emiitk, Ay
FLRE A, AN AEAAT B N- B A AR
TR %] 183.9 /L.

e IR 5 Al 5 25 FRT 51 7 2T 2 2R iR R 10 T
P, BF9E 5L B 3 S U5 Y BT AR AR
B. subtilis RLI2019 A & T, Lt 80% AYAL
RIELEMIRIL 10 AN 2SR, P45 o 254
FEBERE, IXERUSA IR T R 4 e 2 1%
fRGETT, JF HRERS IR & s A Kbk pel M, Al
i, @i CRISPR/Cas9 iR, LI LA
A1) 5 2CFE B, subtilis RLI2019 1Y aprE. epr
I amyE 37 1553 BIRH eglS. Cel48S Fl bglS, 5
BT = Iner e RS s s E 4l %55, Bl
TR R A PN U R SRR TS P L AU R M il
T PR R B - A 2R S P 4 N R
345, 6.6 f5FN 3.0 %, WEIEE TXTRIEDFE
FFEO AR e 7>, Kok, i@ id CRISPRi 454
CRISPRa 7 [] Al B 2F AP R A Qg &, A
S A Y R WIS M, A 2R
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FEBRITE A ST 2T 2k 28 A= W4 ity T 4 10 o

A, FEF CRISPR JEH 4B R EF A 2
ZEALAT D 4 SR A 0T 30 B O A Y 38t £ T 3 R S
CL ST Ae S e S R R (RE R AT . R AR
(AL RN K s BN 38 3 35 (-2 I |
2 A O FUEC O AR m A A O S A A T
I (# 2).

4 REHFRER

it s TR A H AR B AR HE SN B T
BRI 9% B T A, i AR SR TR A
AN T A I FB . et L 10 48
], DA RLZE AT B A I 88T 19 CRISPR JE K] g

2

CRISPRAGERMEF AT EEME R TR

BEARNHCRBAAREN TR, Eat
AR it ik . AR A S AR M 2% &
PSR ES, WERT T BP0 YA AL
R O T s R T R E I R, Y
R 2T B I LA B, subtilis 168 K HATA=
BN O B BARIR R, (B AE—SE G [n]
R AR, AR S N R ) I AR
S AR 2% 2 R R I B A2 . A AR
A3 B P AR B B bk CRISPR KL A B 4 22 (A8 1
BAE, UK TREEED DTSR R AT
B, AR AR LR, W SO
IV : (1) SR R RGN T A&,
BN JF & CRISPR F 4t 5 FHARE N RGH G Y

Table 2 The application of CRISPR system in the biosynthesis of Bacillus subtilis

System  Strains  Optimization strategy Optimization results References
types
CRISPRa SCK6 Inhibited and activated dual regulation The amylase yield increased by 260 times [43]
CRISPRi 168 Integration of temperature sensor with The production of 2'-fucosyl lactose reached [50]
CRISPRI system 1 839.7 mg/L
CRISPRi 168 Reconstruction of type I CRISPRi systemto  The titer of D-pantothenic acid increased to [53]
control pdhA expression 12.81 g/L
Cas9 168 Heterologous expression of SeHAS gene, The hyaluronic acid titer increased by 204% [54]
overexpression of pgsA and clsA4 genes,
downregulation of fisZ gene expression
CRISPRi BNY Inhibition of zwf, pfkA, and gimM genes The production of N-acetylglucosamine reached [63]
20.5 g/L
AsCpfl 168 Knockout of eps gene cluster, knockin of The hyaluronic acid production reached 1.39 g/ [66]
tuaD gene at mpr and epr sites
Cas9 168 Alleviation of transcriptional riboswitch The riboflavin production increased by 53% [67]
restrictions on riboflavin biosynthesis
pathway
Cas9n 168 Regulation of 7ibB, ribA, and ribH genes The riboflavin production increased by 59% to  [68]
reach 1.39 g/L
dCasl2a S5 Construction of genetic SctABBLE system The titer of N-acetylglucosamine reached [69]
183.9 g/L
Cas9 RLI2019 Knockout of 10 antibiotic resistance genes The strain was more sensitive to antibiotics [70-71]
Cas9 RLI2019 Simultaneous integration of eglS, Cel48S, The activities of endoglucanase, exoglucanase,  [72-74]
and bglS genes at aprE, epr, and amyFE sites and B-glucosidase were 3.1 times, 6.6 times, and
3.0 times of the starting strain, respectively
Cas9 168 Regulation of key genes in the synthetic The lycopene production reached 1.12 mg/L [75]

pathway trpC2
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