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ARG &R, PRI ) B P21, I8 B =)
(R4 B, 491, Jantama s NP3 3o m g K AT B o 2 A4
RUAH IR, H &A@ RE L, BRIIERTS T BRI
AP BN 622~733 mmol/L. 3E SRR 84512 mmol/L
(s TAER AR, SR, JEPR bR A7 — 2 n) B &0k,
SEDR R BR AR AN T, X AN R 06 20 B i e 2 AR Ak
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2t NU2BEF-CRISPR/Cas9 T & K B AT 17 324 3L 5 4
BTV, SEHLT L 100% MR R g R, NI
N T =R R AR . I Z 7, Bp-tHE M &
BB RBEARIERAS, AT LRGP R IR
(MEP)i& 2 AR AR HHE R, B HER-HHEE N R
HIAF2.0 g/L.

A G DR R 9, CRISPR 3 K] 4t 48 AR 7 32 R 14
b B R R e, HOE R AT SR R RNA,
AT DL P m S R R ROR. Hh4h, CRISPREIARREDS
[l g 2 AN LN, AT R AL BRI ETRRE. Wang2i AP
FER T — MR, 8RR 2 H R R H w7,
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H B IE R R IA, BT SRR X RO IEAMY BE
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Figure 1 Schematic diagram of CRISPR/Cas9 system, CRISPRi
system, and CRISPRa system
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20144, CRISPR RS & B A2 vy B AN 4T 1 FH T3k
ANRAZAT TR 5 R ARBENLE], Bl 5 BT & N3
Rl gkE T 29 KARFICRISPR/CasBhifHl R Gi 45 =4

FEODIE: SNEBAE VIR IR, orRNARIESR, DA
CRISPRA S #E I 1#I17, CRISPREE 1 i #5551
RSP HI 2 A, o] AR 7 B SRJE T Ak AL P .
B4 [JCRISPR. RNA(crRNA)7ECRISPRAH K& A
(CasEE DRI, A HDIBINAR RIS AL Y .
DA, 1 erRN A Cas 4087 2 1 1A ik R4 FH T DLSZ IR
21 P ) B TR g .

HRECas 8 FH I ZH B AIHLHI, CRISPR/Cas R4
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) BRI HC 25 1) 15 50 LR A AR I DNA, )72 B T2
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(— P 5 Cas o R 8 iy ) & sz S T crRN A
(tractRNA) P [FI1E H, LUK HT AR crRNA NN LA B2 ) 52
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2.3 KA AREPFEA. WEAEhER. HEE
I O i A

fifi & CRISPRI R A IR JE, gRNAM TGRS 2]
THKRIIY . HgRNAFTIER: R B A E 0T 40 4
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B P R R BRI 16 LN S IR AN 29 B T B, &
2R | R EE RN ZAZ KBV AT 4 R R
i 527, McGlincy% NP4t T 610941 gRNAfRIE %
BRI ML PR 2 AR 3 2910 §E R gRNA,
AR T R H TR ME R GG, de Wett
NSk 58 42 70 BT T 02944 106 75 JE R R 2 T B 471 S
P, B A WA g e A0 F B SRR e A i 7
R BN S AT A 2K &R

2.4 SCEEREE T ROBLE. BAMIE. WS
RYGE
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W B TR AP AE 8 OC EE 2, TS0 0 75 258 TR ) i B
HE A R S SR — /AT S Al R I CRISPRI &
GLReE I/ B L TR SRS R U R E R, B
RSCERIMmZE, I o] RSB I E AN R AR SR A T,
W T FE R Th e ot AR KRN H A R R . R BB
DAk, CRISPRIW] 55 R G AE 0} 51 Jk (K 350 43 # i 7D
oy A R, FS ARG E T )
BT B S RIIR B R SR ) 2R A BB [ RIS L (R
e, FTA CHRIE M55 88 3T AR E — s R R i
o, EEAFFVWIBLT, ke R HN10%
~30%, PRIk 538 ) Je 3 1 Z e DT,
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H MCRISPRiZ G # 5| N KM G, ZHARCD
LRI AT ZFREY), BREANE. . R
JE A SRS, BEFE B B R, CRISPRIZE K444 5
TR AN R A DL R BRI A 3 3) T
NEFH. H AT, CRISPRi i & ik 5 40 CUAE 4H b Al Bk
HRTVZ N, B B A R AR AR A PR S R AT R
ﬁ[w].

TEAEW AR, Tl A= i o A E v i ), A
F oAb 28 S AR 77 B X S 2 S P i, T
SHAEIEAT RO TR, AR 5 5 2 e
12, RIS 5 K PR PSE b9 S R B (1 A2 B, CRIS-
PRI i 5 i % 2R 45 RE 05 A R0 I AR i 2 A DG 2L [
FIT4E, MAF R RERE 3 50 Tl R R I3 s 7 m
SCHEIEDR. w0 Ik ) S A SRR (i
E. BAEE. BEE. R BES), sosERk
PG MREAT oy ik, B0 ik B A B BRI T
TRk

H T B A Y B B AR I . Pl AR
B IR BEIE NP SR DL R AT B MU 4R 2, CRISPRifH
B EFREIE N — PSR, CEX Y 13
JIZ N B A Pl A VR R S R A T e E
B, IX NCRISPRiF AR H FIgRNA B T % Ji5 S il i
I BT HRAL T IR S LAt

3.1  CRISPRISCZEFERIAAT B o Bd  F

KIGFEBEAE R fcHs WA A Y, 7ECRISPRI
e AR AR 2 7 A K R . 20184F, CRISPRi4:#: K41
%6 B AE K AP R, CuiZe NS T 4
92000 ™~gRNA, Bl HLEE ] KA B LR 2, &R
T gRNABCUF R, HON) 1 D6 F5 B R, JFER At 1 e
PRPUPEAH G 1) S B FE A,

BEE BRI 25, CRISPRIfH I LE A 4K
BT RR T BRI, @K, Kom
BMNERKER B YL, SR 5K iR,
XX TR YR AP S E . Litg AN
T —ANE 35 K R S D AL A 12238 36 (R A A5 1
sgRNATCIE, fifiifk th T el A= K Rl o vrRpsi e f
JRA = B HE R, Y TE T 1332 sgRNA,  IX e L[]
RERETE PR AE K A B, 4EFFEIR mGFPIIAR . fem
#E s5sibB/ibsB.7~, GFPAL&4Em 1 5fELL L, AV
TERIR D T 45%. X — RICAHADMAED A K 54
FEERR AR AL T BRI FEA.

FER AR TARE A, 8 AR R AR AR A
SgRNA T —Ff B B SRS, A& v B I A 77
LRENE AU Ik S H AR P A A O I R
Wang 2 N\ SI7E K J T 1w 07 256 H 5 61 Tl IR il i 5 32
(A, JFIEIE CRISPRITE R A 41 2 7 B Ak Hh A i 17 3%
DR SO, e IR H 5635k [ v (1284 B AR 3 A
Shen%s A 4141 % 804NN ADPH ¥ A 7 it 2t i i K] A1
400 ATPIH #E 74 B4 i L [K #4 2 T CRISPRISCFE, i
BT 54-52 5K LA A B DR 6 NNADPH T #E
BEAT 19N ATPYS FEBG (M D 3L K. Fang’ NS+ %
1084 55 ¥if 79 Jig Wi R (FFA) AR AR SS fO IR M 2 T
CRISPRIiJ#, sk i 7264 SFFA & A 14T 32
PR, 85T ihfA/aidBlryfAlgad AVY 3 KRS S0 1
30.0 g/LIFFA= &, Jeong®s A4SV gl 7 8 i) AHEAR
PR ) sgRNASCE, 2 J5 18 B HLsgRNA SC i %6
BIEEIR, AT 5 K T B Al Hh 2 B 22 R R 7
AL BRI A TR SR B T8 T sg RN A UKL IR TU AR T,
G Y T 17 EE A

Xf F-CRISPRI sl & i,  BRILAl Y 77 A J i
#7730, T LGS A AR AR AR AT I, AT IR
595 A AR U I FE A SR O FE [N . Wang 25 N7t T
— AR TR AR L CRISPRI R 4, R4 T 3T
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PadR A YME 4R, B H AR =1E 15 S 7). PadRIE
RNEESE B . PpaaclENJE BT+ eGFPE NFRIA 3
FEAGS, RCINER ST T AR W) s 4 B (1) 1T 37 22 CRIS-
PRI B &k 7k, gk, @il fd FsgRNAAR AL A
WK pfkA Riptsl, & SRR ESEE 140.6%, L%
1.31 g/L. [FIfEHh, T T RRAE N A VAL AR 115 557,
1 S8 Al sucARIdh AT sgRNAZS AR, T 8 i FE 9 5
2R 719.0%H125.2%. 4Y1k 4 5 CRISPRIfi & AH
ghhr, NSEDLAR U IE ) 2 R DO R R R L
EEIRIE B e T AR @ B S R OER A
454, CRISPRI =y & % n] DL ik 2¢ 5 B AR A i
HRREE, WKL SEIR AR, FESeBl e R 2 Ak
. FangZs NUB55 & 58 Y60 40 i 73 3 (FACS) Al — AR
MF(NGS), K HHEF A FICRISPRIT %, i€ T
IR penBXHiE B R TR AL P2 (e, M, {EpenB
PNt b, 3t — 2D acrD LA SRFFASME, &
SEPL T 35.1 g/LIfi i KFFAZE ™.

CRISPRIffi ik A AR TSR T —1
B ARSI, AU AR AR AR AL AR
W= R PE R, ESRETE T AU TR A IR v 1 %
REJD, PHEE T AR PR AR 0 B FH Y L

> Hn o

3.2 CRISPRiZ 7 FiiF B &) v i B2

TR P BEAE A = A, A2 5 — A A S R A
P e AL AR, ARERRER R, AKRE. T
MR . EAZ G A AT T AR R A AR 0.
{EIRAEA 3 o I R e R e U7 ThT, R R BRI A A
AR PN W SO SRR, Rl E g
AEAEAT f 22 S i, AT N 2% 5 2= T e S 3R Y
ANBREL, TR EE R A B U B B AR T 50
Tk EA WA R i 52 pH $E . & I8 A5 i)
AP0 3 i S T A T LA 3 EIR R, R
53 i F] CRISPRi &y & ik i H 4.

AT TG b e B R i 5 PR R 5 R R 2 TR ) Ok
2, VSR — N7 s 4 DR 2 ) v i = R I Y, B
SR Z) FE AR I B ) RE AN R R 4 4%, Lian%E
ANPUHE T —A 2 TR 4 FE N 41CRISPR(MAGIC) &
a4, AT mEEREREA-RA A, #id45 5 CRISPR-
AIDFIRES & I FEAZ TR, Mg T R IR 4L AL )
DIReSRAS . Thaei g AT Ree R R A S E. T
BRI BEAE K AR P R b e e AR BT R Y,
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BH 1b- & B 1 5 2R 4702). RGP % BF CRISPRI =y 3 B i ik
AR R 22 A4 0L AE S A S0 3 e (RS AR 1 2R
) b, Biltn, T ERIE R R AE ) UK RS B IR,
VL Z B AE N3R5, Mukherjees NS Rg g 7 4R
#LCRISPRIY &, M4 Scanomatic™F & 4T &4 R [H
ERE IR, RAEEZANE R ZEHEREA
B RV R DR, ) B Y2 25 DG IR REXT IR PR 52
P, R R A YRR B A T AR 7 S 0 o A
FEVRIT Z SR A T R GRS, BRI RERT DAY
& J& 4% FH{ECRISPRIff %, Mormino2s A\ PHEE TR
W W B3 S K 7 Haa 1 1) £ TR A2 0 A% I 28 T i it
CRISPRIiFF BF R AR SCHE, %673 i 40 K B vy LR AR
B 2R IR A0 B A B A e AT IE HH SN Bl B AL X AR
W K 175 %, Momen-RoknabadiZs A\ PSK &t 1 vl %
F AL 4L CRISPRISCFE, e - HER R I A5 AR A
JEFERI DA K 5 58 5 55 i N v RN SR AR A 1 1) g AR
IR R BRI R BT A AR A A, fEE A
EEW A= DL WA R KHIE#, Johansson%s
N U OIS 3 o 305 3 AR A 97 34 15 G L R e B b K 2
E5 G 0 0 A G B 5 R 3R 0 (1) KRB CRISPR L J A 45
B, AR E 345N R RIS NS S eEH
it () 23 Wb 38 T, J T CRISPR T LB ARAE S B ATH
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Applications of CRISPRi-based gene interference libraries in
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The CRISPR enables permanent modifications to the genome. To avoid such irreversible changes, CRISPR interference (CRISPRi)
was developed. CRISPRi utilizes a catalytically inactive Cas protein (dCas) guided by a single guide RNA (sgRNA) to block
transcription, thereby repressing gene expression without altering the DNA sequence. The expansion of CRISPRi applications has led
to the development of genome-scale, high-throughput screening approaches. In recent years, CRISPRi has been widely applied in
microbial metabolic engineering, gene function analysis, metabolic pathway regulation, and high-throughput phenotypic screening.
Construction of CRISPRI libraries allows genome-wide transcriptional regulation, enabling the identification of key metabolic nodes,
regulatory factors, and their physiological roles. Compared with traditional gene knockout libraries, CRISPRIi offers advantages such
as reversibility, tunability, and applicability to essential genes, making it particularly suitable for dissecting complex regulatory
networks and optimizing metabolic flux. This review systematically summarizes strategies for constructing CRISPRi libraries and
highlights representative applications in model microorganisms. It focuses on the contributions of CRISPRi to improving product
yields, suppressing by-product formation, and enhancing substrate utilization. Finally, it discusses directions and challenges for
CRISPRi-based approaches in synthetic biology and the development of industrial microbial strains.
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