Reviews and Monographs ERud=kars

)) ) EUFES LR R
Progress in Biochemistry and Biophysics
' '12026,53(4):1000~1014

www.pibb.ac.cn

CRISPR/Cas9 S REF LUK PHIERE"

ERR OFEE LR
(TP ERZGR2EPEEBE, 73 5 330004)

ZE  CRISPR/Cas9 Hufif R G —F) V2 /AR TAITE A AR, ST IPoAR e IR G 2 R 40, 228 T Ak s
TRAWERE IR . R8Tk, CRISPR/Cas9 R 40 H sl B iGE 11, B &8N B RuHE 4 TR R G0 b N ST fe 2 16 a4
M)A . 7£ CRISPR/Cas9 R4, Cas9&[H1E gRNAMEIF T, ARUEHE RN AT DNA J B2 AEEWT 2. CRISPR/
CasO PR FIAERR T . RGN R T e 7 00 O3, AR R 28 | iR R RIS, N R G 0 s A 28 L i)
Wi 2552 2R B . et 250 R . S IR 250 T . 4% rp 24 i AR AR 7 s OR T HL . Kk CRISPR 45 [l Hif
WIRE) T N T REF K LS R EA T 25 T e . WRRE T 25743 38080 1) R B S0 EE G A, 3K IR0 2 T RS R 7 1 3a 1)
Tk, PR 2B AL S LUE AR . AR SO SEXF CRISPR/Cas9 R G0 & RIS . S5 A SRS 1 b4 7 [ml 39 5 e B, ki
REMERAG U B 25 5 WP 2 R A SR O ST BR . FERSHERS T Bl B 52 T, AR SCEE 878 CRISPR/Cas9 35 [H 2 4B 45 A 4
IR AP 2R FHMLER AR ASET , IFE—25 B e e o P 20 B AL UE AR i 0 B FH . e AR SO B T CRISPR B AR 5

N T ARG R R P 5
L TTRERTIIEZE

MIRBhZ5yie , BIRAEH 25 M0 R B, PRI h 2SR s R i i, 2R 1

KA CRISPR/Cas9, FEHZwiE, FiEESY, 2k, AN TR REWiik

hESHEE R28, R96, Q78

CRISPR/Cas9 %4 (CRISPR/Cas9 systems)
WIS A 200 TR RN T B BOR TR A Y — T P T
PEGRIENLH] . X — RGBS )2 530,
FE 2R 3% 2R 43 BTk 52 15 38 90% A9 2 PR 4 2 40 7 4
B F1 2 40% FY) EL I P 20 T AR AF 7S PR . R
B 7 1 T] B 2 1] SC %2 7 91 (clustered regularly
interspaced short palindromic repeats, CRISPR) /&
F URE 1 18] B 510 23 B 1Y B 52 DNA T 51 . Cas9
(CRISPR-associated protein 9) J& CRISPR &G H1)
BB 2%, 7515 RNA (guide RNA, gRNA)
51T, TR GIREFPE DNA G5 175 5 0UEE K7
%L, CRISPR/Cas9 R GEREMS WS 42K K 21 HEA T4 5E
YRSk DNA FPRIE [ e, 8 75 5 XUk DNA
WAL, ST DR R I B L e A B R A A
B

Ty M. ZAAT WERRYEVEHIPL
i, W27 2RI & R . CRISPR/Cas9 2 [A]
AR A A A A B | T R LA

DOI: 10.3724/j.pibb.2025.0505

CSTR: 32369.14.pibb.20250505

T 30 245 0 B AR 7 35 A Sk Rl B U ) 03
B3k, MITHES R 25098 NG 56 B 465 Ty AL o] e o
B SR, Anfe] R B . A e U S AR ]
frR R A T T AR, AT X T R A R Y [ A
PR | fRREAZY I . A KA &
ES G RPZIT Y D W N P R3] LS I 8 U i S 2
5, Mgyl g, ESEAST, MUK,
CRISPR/Cas9 £ A | T4 n K 5 IRER K &K
T L R S A AR T A R i X
i 37 G S LS| P I i o o S DR A e
T R aeh 2oy, ARTSEErh 25 hniErg v
w B HRFE 4 (81960808) , VITE A H 4R Fl 2 ik 4
(20224BAB206029, 20224BAB216001), JT.75 1 2 K 2= 18 -1 i
A BhHE 4 (020BSZRO12), VTV H & 25 A 2445 4Bl 1 397 A BA
KJRITR (CXTD22013) FVLVE H I 24 K2 ol 5 45 A — 2 )
TP W — R (zxyylxk20220103) %I H ,

s IHECR A

Tel: 18770050616, E-mail: maguangqiang@163.com

Wk B . 2025-11-13, $:Z H#]: 2026-03-06




2026; 53 (4)

FEi¥E, %: CRISPR/Cas9# REFAMKRU HHRE

<1001

TR BRE 52, Heslh 2k mAriEdk . BAR
EREPRR M. 4HT A T4 A8 (artificial intelligence,
Al HTFHAL CRISPR REEM AT, FIH i it
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A IR ) AT A OB HDLBE I3 5 TR i 35 245 40 1) 1R R ik
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AW PRI ) — TGS Bl ) o AR SCEAE AL
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CRISPR 9K 5l AT A 1 FH T2 2F 245 ) i 55 9l 2
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Bl JEAEK, AMUAEAEY B 2= S, CRISPR/
Cas9 £ & 25 U N FH L S ok bl )7z . 2021 4%,
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B $E At T BT i 27 . 2024 4F Zhang 45 H
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Fig. 1 Chronology of CRISPR technology development
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Fig.2 Composition of the CRISPR/Cas9 system
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Fig. 3 Mechanism of action diagram for CRISPR/Cas9 technology
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He, EEFXTHORANMI  (sickle cell disease, SCD)
XA MBRR RR Y T3, W 2Tk 3%
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BEEARE, T 7B EAENICR,
W NZESEPRIELL 7, il R T 2 BEMEAAE (1
RPN, BFSE R IR AR S5
it 17 ZAEEM G EE 1 (ubiquitin-like modifier
activating enzyme 1, UBAI) FEKNZEAE, MEH G|
REVEBIIE, SRR SRR, A
s L b SRR YT 7 SRt 1 A B K
ffii . CRISPR/Cas9 H AT 5 22 S A4 A b Y 256
NEFHANZR 1R . XSS RE A ROH 5 9 AH DG
AR AL, DT SEIRXTAE 24,

G R Vi B~ S w1 i A R O X b D A 1]
e A e 2 e . ERIEE 2 oe, HAEHIPL
il e LL5E 4 BB, 3 A b 2 M 8RR
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W, YRR AT RER) SRS, DNITTRR R 2y
M5 A EFAPLE . XTI AR AL T — AR5,
FH T e At 25 (RIS PE AL AY, i A AR A
T BEIE A R LE T HRIR 0 ) 26 U S A e 4
71 Wi R S FH o 4 o 25 52 5 I J 38 . 48] 4l Shen
25 1400 5 33 ff Fl] CRISPR/Cas9 % A Bt 5 &2 7 ¥ & 1%
SRPRAE P 8 AN OCHEREDY , 96 1 Hol i) 224 s F
Z iR R RO E L], X b el
BT B R it 7 2%, 4 5L H 20 0 [l Y
CRISPR i E B/ —5K W, E Z Ge il B8 Le il v
2T AR B ) G A AME 5 R, HEAE ST
(B AR ST R, 3B I N — TR MR Y 4
2% (241, CRISPR-Cas9 $ R Wy H AL G h 25 4 5
SR FEY IR TR R . ZHORAR
ALREE AT WA fEAT 25 VR HIBILR] , 3 mT 535 HY P AL
W AR, IF AL DR TR 25 b i BT i X SE 4R
K, EHESNE TP DITEIRIE L ) B Al 2 0 Y
W, ) S E AL AT A B Ay A o
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Table 1 Applications of CRISPR/Cas9 in experimental models
%1 CRISPR/Cas97E LI HE R dr iy iz F

J& Tt it B9 45k CRISPR/Cas91& i Fi& SCHR

UL R PD AR R M NUST L2 [R5 3 R tango 14 W R tango14 5PDX % [42]

BELy 1 A B RARERAY 5 T UBA 1A A I 548 WRIT UBAI A 40 i 5 1 B 98 0E P 955 [43]

IR CS P FFgfi2m A R PR 4 A RR YT AT [44]

i AD R BRI L K SORLT R 1F SORLI ¥ £ 7K Ty e A 42 5 AD A R [45]

B A-T ATMEEIN 5875 BT A-TRIFHLHIFGTT HEg [46]

4 CD34" i T4 g DBA [ RRPST9FE A AR RIT 50 R e s L ol [47]
141

UBRET 440 i 5 HCC WiRITGAS ITGASIWIBELWAT T 14 55 HCCHT 2L [48]

JULVE P AR 41 B DMD 24 IEDMDLIE VAR 41 AR P LS 2 A R B A IR AR IUE 77 A R SR A I RiE [49]

K A=Ak AML Wi Clecl2a Clecl2anT V£ RATT AMLIFIVE (EHE [50]

PD: PA4:#%J% (Parkinson’s disease); CS:

PR H KB ANELEAIE (Crouzon syndrome) ; AD: B /RKIEERAG (Alzheimer’s disease) ;

A-T: HFFRM-EAMIMASY 5KAE (ataxia-telangiectasia) ; DBA: e RMAILT A4 1A B35 1l (Diamond-Blackfan anemia) ; HCC: fiF
AiffidE  (hepatocellular carcinoma) ; DMD: 1 FRHLE FE R KE (Duchenne muscular dystrophy) ; AML: Z2PERE & F LA (acute myeloid
leukemia) ; NUS1: NUSI1BEflf/ 55 Ffitf (NUS1 dehydrodolichyl diphosphate synthase); tangol4: fifitangol4JL[K (Drosophila tangol4),
NUSIHE R FIEILH; UBAL: 1Z EZFEBHMiFI#IGEE 1 (ubiquitin-like modifier activating enzyme 1); Fgfi2: MUEF4EANA /LK K T 32 {42
(fibroblast growth factor receptor 2) ; SORL1: 34 FIAHIE 241 (sortilin-related receptor 1); ATM: 32 IH-T40 1M sk A EH A
(ataxia-telangiectasia mutated protein); RPS19: #ZBH{ATE F1S19 (ribosomal protein S19); ITGAS: #4ZF a5 (integrin alpha 5); Clecl2a:
CHIBEE R I K12 5 A (C-type lectin domain family 12 member A) .

3 CRISPR/Cas9fi REFR TR FHIA

FIFH CRISPR/Cas9 £ A, MHRfBI R HLHI 2 T
R EBRRE RIT IR, SO T — A SRR
IR TEBE A . h 25 B ILTAEDI S, AR
RS H RO, EICEIRIRTT T B R4S
J7R. TRZ M SR AR ok i 2 4 o3t A 4 L
RIS, PSR, FEER . RE. 12
PEE . NS RAE . NEER . A EE . Wk R
Sp B Ry FHAE st AL i 1T, CRISPR/Cas9
BT AR TS R B A W A U IR, A
1M BT B s o 7= i . 42K 2 CRISPR fifi bk
CURCA IR T, BB RS Hh 2 T P Al 43119 O e
YRS SaE s . fudsrh 2yt , WD+ 2 m
B W L2200 5Ll . CRISPR 3 AR A B34 TR AL 1%
BT SRR, DAKRIE | Al fRat A
FEH 2y 4y . CRISPR/Cas9 i 3o M Sk [t B 24
(VNI S S S RP 2T L5 T € YA el = W € 2 ) L R3]
WF5E AL Ge 2 B T s o mT 4 I B AR AR TR %
BERY, R 2G2E RS AR ARG 555

3.1 CRISPR/Cas9¥ AR ¥t 25 s
CRISPR/Cas9 H; R AT i s &b 2544 .
I R R EYTAL, MR E R 2 A
TS, B BB . R AUEE . fRiEk
G E I, AT 2 M A R AL . A EY
AR KT T, M CRISPR/Cas9 AN 24
FHASS S A% O R UEA T I RE vk , 38 3 %5
254 e B R b A O S, ff A CRISPR/
Cas9 FE [H g T 2ot rh 25 o Rk L S sl IR
JPRL, JEh 2GSRI ST A E M. R H] CRISPR/
Cas9 He AR P25 4 i i ot . s HFE DUk AH
KHEF MR, bR AR R AE KR
fHH, FEARh 2 LR, ey g
Ak A 57 CRISPR/Cas9 5 AR W 4% 55 vh 24 b
UL T CER I H AR S, S T A R st L
2% DIReSSHafaAT . SRR A A W e S A,
IR R . [A]BT CRISPR/Cas9 H5 Al ] DL Sz 3%
RHEFE N Py ad eik . IRFRIEFNAN ] Btk JE
AL R M RS HEE A B R{K R . CRISPR/
Cas9 XJ i 24 Ff T QB B R . B2 i v 2416 IR T AR
AR R R A R X, RN A R 2y TE
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I A )5 A A B LA I 42 TR 4% () 235 W) SRl 2
HE T EE RSB B,

AT MR S 25 AR AR . 742 F CRISPR/
Cas9 + AR TT J& 24 F A 4 F 5 9% U5 16 & Q18 1) S Al
[, BRZON 2 BERRE EMPAE AT | R AR
O FHRCHIBIE R . @ r R b 2 A A
PR A ER TP LR DA R . N AERIE
AR T, RIS RA Y AR, I
E— 2 WF R P RE S . O A S AR B
R ) e ST A S R oo A AN o L PN &
REALEBIRIfaE, SEE 2 M A SRt e R e
MHT, N E I EE T A 25 DNA RN, PR
MRBE IR R R AR AR, R
4 [ 25 HIA a8t A% 15 B M LA 5¢ 35, A CRISPR/
Cas9 T HAEh 25 AIHT N FHEEE T L5561 0,
CRISPR/Cas9 T_EAEP 2G4k . o2 mubii ik
A CHA A, B, HEREYUE LAY, U
5% N 53 F | CRISPR/Cas9 w4 gal80 K4, KA
UL 22 1 T ) T T R R ——7 R, AT
RETHSENF R, W5 A5 R H
CRISPR/Cas9 X} NS Y Mg [0 4RHE (91 gy

Afpe . RS PSSR MR T Tk
R (£2),

JS4E CRISPR/Cas9 Ho AR Jyrh gy i ik 20 ok 17O
BT, (HHSEBR N FHS AR Tl 2 s PR . gl
FERAE B TR, 2530 BV T =2 A I R )
IR, St T80 LA H bR s A5 2
BCRAICT o VP2 25 AP I8 o PE 2 Fh s A% 5K
AR, AEACHFEZE DM, A
W ATE O T8 R g = i g — A 8, X
A XA it 218 o 15 2 e 5 1) T e M A R o o)
B, 3K BRI TR A B 17 L A R Ak
iR, TPARAIRIRNY, FER R E Y A
HZEAR, MXAESLE5KMERZm, )
R Rl L (8= B SR EC R g€ T e 4 L 11 S P4
AN == T 52017 N NG REZY i 0 T W& T
b Z BRF A AR A B AREA T THE . T ik SR 45
FARE EA kPR AR, b T #E5) CRISPR/Cas9 £ R 7E
TR N, R AR DGR Y R, A
W BN, — IR 2 A 5 A AR AE A Y A HL A
Z, MIMAREEINZE AR ENE

Table 2 Applications of CRISPR/Cas9 in traditional Chinese medicine
%2 CRISPR/Cas97EHRZ5 IR

el % ik CRISPR/Cas9f&1fi WEFE TRk SCHR

N2 NS b R CYP716453v2 e AZ B HRg R [51]

Hh % TEH = hisfl i RcMYB3 ReMYB352 Mt P AT 24 [62]

3 Ntk i BTG M HLR B bR HSSYm L3 R SR HSS AT A A B 58 B AT #3 kg L [63]
A8, PG IE A=A,

BREAR PR T Al i DoALA4-DoALAG DoALA4-DoALAG6HT F 4 Je 1 fist s i [64]
AT

R RZWE PR AP A2 TR ificyps 15018 cyp5150ISTEIREAR R Z B /3 IR &R [65]

2 WSS 5 AL YRHMYB28. MYB36. MYB39. MYBI00. NI MEHCAHR 2ot Em  [52]

bZIP1. bZIP2 FIMYB9S

CYP716A53v2: JH A5 " f-6-F2 1L (protopanaxadiol 6-hydroxylase) ; ReMYB3: Hi#MYB3%% 5% [HF (Rehmannia glutinosa MYB3) ;
HSS: & K54 (homospermidine synthase) ; DoALA4-DoALA6: %k [z 7 fil ALA4 Fl ALA6 3 [ (Dendrobium officinale ALA4 and
ALA6) ; cyp515018: 4 Jiti (2 % P450 515018 (cytochrome P450 515018) ; MYB28: MYB28 %% 5% [N ¥ (MYB28 transcription factor) ;
MYB36: MYB36%45¢HF (MYB36 transcription factor) ; MYB39: MYB39%% 5% [H-F (MYB39 transcription factor) ; MYB100: MYB100
5T (MYB100 transcription factor); bZIP1: ffitEse 2R 54K F1 (basic leucine zipper transcription factor 1); bZIP2: HltEsa%
TR P EERE LR 72 (basic leucine zipper transcription factor 2) ; MYB98: MYB98# 5% [H-F (MYB9S transcription factor) ; Rg3: AZREH
Rg3 (Ginsenoside Rg3) .

3.2 CRISPR/Cas9{Z it AT RELE
CRISPR/Cas9 T HA B2 g v 2R 5T (kG 1 4
L FEEMAE A REDARIEER, 2
YRR R R EEZ —, (HRIEE 2,
A —, HHSFEYBEaroT s . iy

an el SEPE AN A Rl R (Bh) W, PRIR
B B R ARG Y O i e, B FEAF
TE—E M RBRYE o 38 1 0E Py PR e 1 ol A
KA ICHE DNA Jy By, AN AL T ALY 73 54
FE T H o Jd i R T AR W R B o A PR A
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SEIA , a7 2RO o R R AT 2 s A s . e
SNk, HE ] DA YA b 21k
SERLAT AR T o R BN IE AR sl Hh 2y g
il DAL B 6 i) 5 Sk BETHAEA, SRy SR b FLSEE
W BRI ML AT LA B2 A B b 5 1)l At 3
[ R ARG JEE 7

321 K§UEYSIE. CRISPR/Cas9Bl i rh 24 it 45 5
55 b ST R

TR IR A Y R AR RS R R, A
hFRIEE 2 . IR IR AR ZE, E5HT
A WA S AR Y 5 AT — 2 SR BR
P 7, CRISPR/Cas9 FL AR ML, ASLHMN “IB
BEEHN” ) KR WERTHELE T 2851
TH,

TEASHEIRN 5 TR, CRISPR/Cas9 Y0 FH## T
RGBT o X IEEARA AT LI F 3B LA
JPA, 38T DL i D RE IR R U 5 P Ry S
T HPE A 5 Y SE 5 DNA - BE . ST A7AE = HuiR
BOESAHRUIRA [F 25 HIFE0L, F ] CRISPR/Cas9 £
iHh gRNA A RPN BIRE ST, A4t HIEA
21 2 TSI M BN SO0 TR L RS
T o FRAEIE IR Ry R 25 189 43 B e il FH s
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AT R WA BT B4 L N 5 d. Arce Institute M
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Abstract The clustered regularly interspaced short palindromic repeats (CRISPR)/associated protein 9 (CRISPR
/Cas9) immune system is an adaptive immune system widely distributed in bacteria and archaea. It precisely
defends against invasion by exogenous phages, viruses, and plasmids through sequence-specific endogenous
immune response mechanisms. As the most prominent member of this family, the CRISPR/Cas9 system has

evolved into the most widely applied, flexible, and efficient technical platform in the field of genome engineering
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due to its exceptional genome modification capabilities. Within the CRISPR/Cas9 system, the Cas9 protein,
precisely guided by a single-stranded guide RNA (gRNA), can specifically recognize target DNA sequences and
induce double-strand breaks. This activates the cell’s DNA repair mechanisms, enabling gene knockout, knock-
in, or modification. Demonstrating significant advantages in specificity, flexibility, and operability, CRISPR/Cas9
technology has shown immense potential in the medical field, opening new avenues for modernizing traditional
Chinese medicine (TCM) research. On one hand, this technology can be used to construct precise disease models
and tailor personalized treatment plans. It enables in-depth elucidation of the molecular mechanisms underlying
the action targets and signaling pathways of TCM formulas and active components, thereby unraveling the
scientific secrets of their complex mechanisms of action. On the other hand, it demonstrates powerful tool value
in improving TCM germplasm resources, identifying and screening superior varieties, evaluating the
controllability of TCM quality, and producing innovative drugs, providing technical support for the
standardization and precision of TCM. Simultaneously, the high-throughput omics data generated by CRISPR
technology is driving artificial intelligence (Al) to construct virtual disease models and drug prediction systems.
This empowers the intelligent screening of effective TCM components, the precise prediction of potential targets,
and the exploration of “reducing toxicity while enhancing efficacy” through formula combinations. This
synergistic innovation between CRISPR and Al aligns perfectly with precision medicine’s urgent demand for
personalized, efficient drug development, injecting new momentum into the modernization and transformation of
TCM. This paper first systematically reviews and explains the developmental trajectory, structural basis, and
action mechanisms of the CRISPR/Cas9 system, tracing its scientific evolution from a bacterial immune system to
a gene-editing tool. It then comprehensively outlines the current state of convergence between precision medicine
concepts and modernization research in TCM, analyzing the synergistic points and potential spaces for their
integration. Against the backdrop of rapid precision medicine advancement, this paper emphasizes how CRISPR/
Cas9 gene editing technology empowers in-depth analysis of TCM mechanisms—including specific applications
in disease model construction, therapeutic target validation, and multi-target network regulation studies. It further
elaborates on its multidimensional practical contributions to modernizing TCM, spanning key domains such as
germplasm resource innovation, bioactive compound biosynthesis, quality standardization control, and novel
TCM drug development. Finally, this paper envisions the future landscape of deep integration between CRISPR
technology and Al: from data-driven intelligent drug screening to high-throughput precision discovery of effective
TCM components, and further to intelligent model construction based on “reducing toxicity while enhancing
efficacy” mechanisms. The synergistic convergence of these multidimensional technologies will pioneer new
scientific paradigms and translational pathways for TCM modernization, propelling TCM toward leapfrogging

development in the era of precision medicine.
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