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CRISPR/Cas9 F AR T Ay A

WAL ARRRED RIEE? RABXY REARY 2 RY FORY EmAEDT
() TR T2, WL R W2 AT 0, F5E 0500355 2 SR WRIBATIRAR, £ 050000)

FEE TAEK, 8T R G AR X T A i A A AR DO ER AR (O R AT, AREE TRk BEAE L BRER L RRIR
GO TR R R, 1S T AR YR A ot AT LR gai8, VR B B A SR SRR
I () B i 7 4 ] SC B 2 P51 (clustered regularly interspaced short palindromic repeats, CRISPR) /Cas9 R4t A #i & #L LIk,
HEEFARBAS . RBCRAERE S, 80 AT DAL YIR S AN s . A SC EZE R T LA CRISPR/Cas9 ik i 11
R B AR R e AR, SR TR R b A %ok 7 P 25 A0 B P s SR, AU S T 9 2 6 R T 0 S 2 4 T e
A 1B 458 53 Y S R i 7 vk o BJn 4 T CRISPR 5 R G BB B A THI I 19 PAM 7 8 AR TS0 RN, P 3z P 4

I‘Iﬂ @ o

KEER R R B AR R SCEE P8 (CRISPR), UAEYR B AN, SEPH gt , FEP AR

FESES Q7, Q78, Q93

FERI G E R TR . BEae R SE )
HEHAR, —HPREGEMR G, A5
G ITENFR A, AR TREACRAR . R
SR, RS IR BEEE A BB R (zine-finger
nucleases, ZFN) "' FlH SEHTE R 73800 25 4% R
ftf ¥ K (transcription
nucleases, TALEN) ', B—@EfRE M T g
A, AL T g TR, SR AR PRI X i
K. PEGEAERA, TS E 2 B R &, AT
M, AR KRR CRISPREA, FAHRAEME R
AN G CARAR . FTHRRCR . ORI

A TR I S A B i e . O S ) E0RT
RIS RISEANM, AR TSR E AR Y DI RE N
MSCE AR YR KRR R o A ST LAk LA
[] B ok 7 e 1|1 SC 42 Fy 81 (clustered regularly
interspaced short palindromic repeats, CRISPR) /
Cas9 Jy Bl AT B & RS R R He AR, $2 1
T R LA A Pt TS B 2R A Y e s SR, LA
90 B 90 35 A8 AT T80AE W VG 48 240 i ol 3t Ik 4 it
5%,

1 CRISPR/Cas9% %

activator-like effector

CRISPR/Cas9 % 4t 1 3 >3 fig 4 4> 4H 1% -
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ctrRNA (CRISPR RNA, crRNA) . tracrRNA
(trans-activating CRISPR RNA, tracrRNA) JZ Cas9
HH. ZEENEEY, PORFERNGG S,
Bl /i 18] X 5 1) 4B 3T 3k ¥ (protospacer adjacent
motif, PAM) X, crRNA il iz i 3 B4 MiC X 5 Fff
E P IIER, Cas9 & 17 580 78 fL45 DNA
HEAT OURE Wr 24, 7R 52 BR B i 2 P erRNA Al
tractRNA i # # 45 & 76 — & i 1k A/ 1 5 RNA
(small guide RNA, sgRNA) . [& 1a fil 1b 43l Ji&
7~ T CRISPR F 4 21 1 S Cas9 A% 4 ity D) e 45 #4358
AHER LR GEA AR — & crRNA ]
D3R 3 e X i D T ) s PR A A
T Cas9 2 AT DAXTHE DNA SEATYIE], 51 & Wik
Wi, Bl Z 0 2 HA a0 T 3k R AT i
BT UM AR R iR REOR .
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Fig.1 The composition of CRISPR ( a ) and Cas9 nuclease functional domain (b )
El1 CRISPREZAHM (a ) M CasOLERESINAELEHIIH (b )

2 CRISPREXHERESREFR AR

FI Hif CRISPR AH 5 Fr) 2k [A] 2 4 H AR LE U PG
200 i ke 3 b i T B AR R B LU 5 DT
CRISPR A K ) 3F [R] P K %t % 4% (nonhomologous
end-joining, NHEJ) &% &4t . CRISPR #HIE Y]]
JRE M 1E 2  (homology directed repair, HDR) %
4¢ . CRISPR # Bk % 5 40 il [ /4% % N 1
(CRISPR interference/activate, CRISPRY/
CRISPRa) . CRISPR /It 2 il i FE i (base
edit, BE). CRISPR MEIKA% e . LLR #5 X ix 5 A
CRISPR AT ARSI 5444
2.1 CRISPR#EEANHEJEE R4

NHEJ & 2 AL = 2 A T S B A,
B2 W AS RATAEAEA 1 R A% RR ALY 4 A
SOMBR . PRI NHEJ & 52 JF AN 10 2 R 21
ARG M , NHEJ 755 A% 1T IR 7 1 i A 1)

T TR Z

BRI, REZBANR §= KIKAY NHEIE
P, ATREIS R R A X 2E0E bk = 2 5B E RS
M KufE [, %8 A PR 456 B %4 DNA K, M
1My 1k DNA Ffif . F52 1, NHEJ RGAFAE T
OISR 2RO A BE R SRR . IR R
FHIFA G Su % M Sl ik 78 AT i b SR8k
TLER T (Mycobacterium tuberculosis) HY
Ku#f H M LigD #H, ##H NHE&R?E, BN
il 2 WK Sla. SlALZITEE, AF9EE SEH T RIGH
BRI S [N 2 3~17 kb KO BEi M BR o 2 — 20 M,
Zheng S Gl i K ok A HE IR > KL AT B
(Mycobacterium smegmatis) () NHEJER MLl A
KIGFFER, S8 T 8K 123 kb DNA H BeAg sk
Al UL, NHEJ B & G A TR AR S Hitedric
AT SCHH 7 BB, B2 B T AR A2 Y
K. #1512 T CRISPR #HE [ NHEJ 16 2 R 4%
TEA A P A0 M G v 8 B T

Table 1 CRISPR coupled NHE]J in microbial modification application
&1 CRISPRABEXHINHE)E € R G744 B B o Rz A

LS W FH BCIEEYEN SR
B (Actinomycetal) BRI AL B 3530 000 bpfF 31 (6]
W (Streptomyce) A T BE DR 2L T AL HHIER400~1 600 bp H Bt s FiiBRred X3 A [7]
B R}: (Candida) AR T2 T R4 AR P RRAE AN BB R, SRR R (8]
K (E. colid FE DR 20 G 9~298 bp v BB LA BR [9]
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2.2 CRISPR}EEXHDRZ %

IR R NHE) 8 20K 5 8505 [ 41 B HLI A %
R R B, 52 ORIENR & HDR n] S EE R 2 19
ks . HDR AL A S WA S1b.

Jiang 25 1" % ¥, CRISPR 5| %& 1 X &4 b 24
(double strand break, DSB) A LLAE 3 [6] I FE 4H |
IR AT DM —Fh ), SR e [l 5 A i AE TS
TR E W5, Yang 5F MY B
7 — K H CRISPR/Cas9 WKL 2 4t 4t [F 2
OV, Cas9 kiR iAM) Cas9 & 11, 5 CRISPR
JRi R IA Y sgRNA G5 G, 5| Je JE D A A6 s B
Wizd, Abh Cas9 ki ik Exo. Beta, Gam 3 Ff
BN S Z AR IE R R A RVR AL, s

TR W AL MBURL A TE R . Zhao
S DR DL RUBORE 2R G A B BORL A S S
AR ECAE R, (HXTHHA R B (donor DNA) K3
IR, HARBEMEZ A7 55 R 44 A 81, Shukal
85 L SE A AR PCRAGEE IR B, bk T 77
HS PCRIVEBISRE, fifk 1 g DTk,

H iy CRISPR A B 1Y [FREZHC # ] T IR Z
Pl — JoE S R A TR e, PR as s T
AP R, IR . W R R . A7
AMRPIRAT R . MRS, K252 T
CRISPR#EIX (1Y) HDR R S5 AE 45w $ 4 M i v )
BARR

Table 2 CRISPR coupled HDR in microbial modification application
&2 CRISPRAEEXHITHDR R 5 7E (04 4 4 BE S A R

[ % FH BSEIELVEN 2 LR

KB (E. colid BEHE bR G ISR A SI2.0 g/L BIAEY D E e [14]
Kt E (E. colid IE TR SIS 5.4 o/LIE & B 5 [15]
KIGHE (E. colid A PR AT DG (A 14.5 g/LR 1= 8 [16]
KIGH# (E. coli) HT7RE )T IR B 37 A 2450 7 B2 i 5% [17]
BRANEFE (C. Glutamicum) RAF- il G A R DGR [R] 1 2 R 7 At e 23 [18]
BRABRENE (C. Glutamicum) M BR1,2-TA B A BT 34 A 6.75 g/L 1,2- [ r= & [19]
WURRERE (S, Cerevisiae) BEPY bRAG S KI£17 000 bp J1 B A SR 4H [20]
WURREEEE (S, Cerevisiae) BEIETEAEM G BURE 1E 7€ B B I 10045 [21]

2.3 CRISPR#BEXH: KA /70 E B F

Cas9 H AW &2 MEREGLS I, 751 h
RuvC HITHNH, X 245k 5 A 1) %1 X05% DNA /Y
IRE . 24 Cas9 2K 15| A H840A Al D10A R AZ KT,
HAR KT WYUIEE WG YE, JE BT I 1) 28 36 Cas9
(dCas9) . dCas9 & H B AGEVIE DNA, {HHALHE
FhEhFE 5] RNA 454 DNA (IhfiE, Qi ' ¥EK
W AFE TP AFSE T CRISPR/Cas9 248, KM AA
SFS PRI R RAR AR T, JF & el CRISPRI
FR . BT IA N dCas9 3 1 #0153 1 471
FEBHMT G AL WG 2 A PN AR IR ¢ . SHTiA
F18) T e A T A 4 LA AN [R] . CRISPRi RS0
ToT515 5 DSB, (HSLHL T 206 1) £ 3L K Lk,
KA T AR T AR TR A I

4 dCas9 H 15— sk us FRl A, dEid
dCas9/crRNA 5 5 V) DNA 25516, G 0]
DA (R 42 i J3 ¥ 7 E A ik DR B Sy B Ao i B

RS R I E A W TIAE RS SRACT [ 3G 0 5
PRI . Bl 5 %8 R PRl CRISPRa, Bikard
8 2 A RNA R4 2 RpoZ fil 5 21 dCas9
I Ci, JHEE KT E MG1655 BRI 4 iy
— SRR R ISR S IR, (A I SR
MG SR T 23 £ 1Z M BAE & #H CRISPRa R 4811
RN AR Ja s P B3, TR sh T
f 384 58 JF A W] 5 . 55 CRISPRI #% %40 1 AH L,
dCas9-o & G W) 5E s Wam R B A R . Hu % 2
WFFEAE FH G (s DA Al B i 2 A HE R (phage-
assisted continuous evolution, PACE), §fiitikig
Cas9 ALK, ZRAZARBL S o WEE A, i
B S OTE ARG N T AT 100 £ . E3HIHET
CRISPRi/CRISPRa 7F £5 {2 W) A i 34 128 4 i 1) 2L
K% . CRISPRi/CRISPRa FY/EFIHLHIZ ILIK S1c
F1S1d.
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Table 3 CRISPR coupled CRISPRi/CRISPRa in microbial modification application
%3 CRISPRABEXHYF FHN G20 B FERUE Y A B BUS R
[ % 0 5 RCR 27 R

KIGFFH (E. colid SHTMVAE 2% ] TMLLEA.6 mg/Li7 [25]
KIGHFFH# (E. colid) WAL A T Met] 2.4 mg/LHBALTEH 2 = [26]
KB (E. colid i) SR A A DL R A 2 [27]
BRABEFH (C. glutamicum) Miilpgis pckApyk3EH i) O 5 R AR 2 [28]
BHBVEATE (C. glutamicum) FAT R R A U [ gltA LB R 7= i v .39 [29]
UM (Bacillus) Milzwfs pkAZE A & rmin- LI S R A T [30]
Kt (E. cold dCasOfilt HoZi& Lilt R 3T FATE P B 5 w5 1.5 4% [31]
fRRGER RBERE (Y. Lipolytica) dCasOt &S R 7 AR i3k BT 25 W T il i [32]

2.4 CRISPR#EEXAT =BG AR E 4

i gniE 2 (base editor) & —Fh il 2 i 5 %
1) CRISPR/Cas #% R (TCi D)% DNA XUE) il
AHEM, H Komor & ¥ HAEME, H T IR
LR gt . A5 Cas R Cas9 (SpCas9) 1] LA
JeHEAL ST Y dCas9, 58 4 AN BE DI &) DNA BUEE
¢ — > Cas9 nickase (nCas9, 148 DI0A &=7F),
WER AR dm e . I sgRNA 515, @G HH
S REAL T, HART A DSB,  JH A i ms me i 2
fiff 5 32 51 ) Cas9 @l & (pyrimidine base editor,
CBE) # i 5 CHe b b MR msng T, F i it 2 it
5% i) Cas9 Fll e (adenine base editor, ABE)
PR AFEAL S G Kurt 45 B4R JRIEIE-DNA B
AL (Ung) 532410 Cas9 BlG, 16 RIHAT
SEER T M C R MR Ao BRI g 25 1 ELARHL
12 ULl S2a Fl S2b.  H Wil B 48 4% L] T1%
4 TN RUEY I RIAAT R . A RERIRFT T . BRI
P B AL A G 5 . Wang %5 5 I CBE X4 2
PR IR AT B b 3 3L X odhd | pyk F1 1dhA 19 20 45 5%
T, NIHE S T A2 MR . Zhong 55 V¢ i@ i i
H ABE 2 A8 K i (05 B B (S, coelicolor) 1)
actVB 2 f % % + , {19 gk £ A mE S
(actinoperylone, ACPL) MJr=w4emE. BRFK TS
RSN FHAEAC TR LB A R, (H ok
AT e I 0 A G ok 2l 2E N I B
M SR R, WdET- . R, BOSFES
B, BRI PTG AR R A7 4 (Shine-
Dalgamo, SD) J¥4l. AR 155, ARKEm A
AW | 77 00 F R e IR IR A TR
2.5 CRISPR3BERSE

DAk 5 R st A% 00 (045 H A il sk
IR R REE M AR R OGP TR . (RS

W ORI TR I B R R i FIOPANERAR, R
B A S il = AR 5 e 5 DR D180 ) 45 R AN L 3% 5
Wi, PRI, — AT, PR TohRE . R0
TR 24 DU LR Gets e — i R i 0 T
TV A s . G R S I RS T
K B R R A ] 5 A R R e M . S R
B, FETFHE T (1) CRISPR % R 20 4 S35 AR Al ARG
R, WER R SRR TR IEA— M RERIALE, X
RIS DNA WEERIWTEE . CRISPR REHKH 3
S LK 2a F12b.

Zhang %5 7 57 T CRISPR A 5 22 FC XU, 4
(Scytonema hofmanni) % & Z 4t ShACAST HYFETE o
ShCAST &5 15 &5 1 th — > Jk P BE AR 2 % 14 tn7 A
FEAiEFV 3L (TnsB. TnsC AN TniQ) Al Casl2k 45
FIZH . TniQ Al Cas12k P31 B AR £ 11 ST #1455
TnsC, i#iid TnsB Al TnsC [H] AT EAEH, TnsB A&
PRS0 DNA Y IIRE, K BTy BL AW 2L, I HoAd
AT PAM 741 T 1i7 60~66 bp &b, W58 A 5%
RGN T R # O S A T 10 kb KB
73— J7 T, Sternberg &F U8 Xt ok [ 2E FiL 9K B Y
CRISPR AHCHE JE Mg EAT T 05T, RBLZR G
Cascade EAE E5¥H Cas6. Cas7 flCasS ZH 3k, 4%
& TniQ & F1 5| 356 )3 14 ST Wy B PR 4 A 2 HE H br
JEH AT, Yang 55 2 H#L T ShCAST FIgE FLIKE
(1) Ta] 5 RNA ffi By #0 ] 4 A 5% B R 48 (insert
transposable elements by guide RNA-assisted
targeting, INTEGRATE), Jf&45H—2&0H Tk
J T B 22 35 DA ] 5] R 1 CRISPR A G2 e il 22 5
D Yefa {Rk % 4 (multicopy chromosomal integration
using CRISPR-associated transposases,
MUCICAT) , &R GtH =Bk, #itiit 84
] B 77 20 0 A B 1), 3 AT BN A R I S
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(GDH) H:H[F#45 %] 7 BL21 (DE3) P4
AN A5, 3BT — RIS UL GDH LA
PR It 6 /8 DL I B Ak il 0% 2 1% 42 ik pET24a-
GDH & B 2.63 15 o A< 52 50 2 3 15 (8] B 17 51
fi] 35 PRLZH ) 1] B 7 51 (1S1), 3% IST 4 5. 7E BL21
(DE3) JELRHAPFEAE 29 N5 0L, o i — 58 55 e

(a) RER (b)

REJF 71

9 BL T GDH 3% [ 45 1S1 i 4 A4 A . Sternberg
% SR — TR, R
Jks, BT R AT 3, HA R BOfi AL
AT 100%, PE— B4 4 Cre-Loxp A7, it [
B [ L DRI 2L R PN 5 50 IS 7 2.4 kb, 10 kb,
20 kb Bl

LEF%I REF%1
SRR B i e EA SRR B R A
5' —mm—————— NNNNN&m B NNNNN 3
3 ] 5

HREA
PAMAY &5
3V
5!

w o

sgRNA

PAML— 160~66bp ShCAST
79~83bp Tn667

JBIFE %) —— 32 bp: ShCAST

47~51 bp: Tn6677

Fig.2 Transposable process ( a ) and insertion genomic location (b )

B2 FEEEIE (a) REBANEFEAME (b)

PAE A 220 5 MR ERIEAT T Bk A9
29, (ENZAR A, BV — R iR £ 20
Mk, ARIERAEABIRRCR, el g i e
WA A RERT 22 P T ISR ], a2
e — MRS, B en] LUl e R T ik
AFT BIER B B, SRJE R B RIRIE E R gk
o DRV e T A PR A SR D A M s B AR R 97, e i
B FP8E A wliT Bl ARG A DA P 2 2
BRASEATAR VR S B, R AT RE S BRI ]

TSN H Y. B CRISPR £ AR 1S & 2, 3
AR E HATT, BRLL BRI AT iR R Ab,
il & J& i CRISPR #iiE R A4 45 7 5 DNA &
Wil 51 g OB, RARX T T A%
ARG, AR TR TR, HE X E AR
¥ F & 21> CRISPR 81 R 4o 7[Rl — 40 fe rh 415 1z
F, AR AR S A A 22 SR s AR A T ) (e
B, FaFERLE T L E CRISPR #7 f# £ R iy

==Y
Fa o

Table 4 Comparison of CRISPR extension technology characteristics

F:4 CRISPRETHE ARFF S LR
CRISPRAFfIF A TN REFME  miEE N E F TR RER
NHEJ P 7 A7 5 B DR R K BRI R
HE R ALK i RS-SRS
HDR = R R i:;ﬁ B B B
CRISPRi/CRISPRa i & fe7 5 EYEShTE N SRR, ARG S
SR JSL P
BE % % A7 5 B R Rl ok Jei PR
TR R T IR LT
%)% (transposition) 4 & BONE R IR KA BIEN, Zhim

A, BATIR

ESCEFANG T MR YR SR o i B A
A, R ICR XSO R R —— Tl U YR R A

LA L% CRISPR Sk [K 8 77 32 4 nf 7 58400 M 40t
HAAE FHREA T E it aA
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3 CRISPR/Cas97E T M 35 4 4 JiE % 20 B o4
1S H A Rz B

3.1 CRISPR/Cas93#i R7E X BA#T & F ARz F

KIGHFFE (Escherichia coli) [R5 3577 1A
B WG AR RR RS, BT AT
Tl & . Jiang &5 " FE R AT 1R A H CRISPR/
Cas9 REGLHEAT T HRHFAM e, M FEdEA
T ol — B R P A e T IR IR 74 . Yang 55
1E— 1| F CRISPR [m] 5 55 20 57 A [v] B b A B e 14
Z B3NN T TR R . BRIZE AR,
CRISPRi &L WHH T KIBHFE Tk KB, Wu
A5 1 FH CRISPRI #00 fill P9  Mok i 7 A T 60 1%
AR IR AR AT AR TR R, DA R 2S A B T
W AEHE ((2S) -pinocembrin) % & = 525.8 mg/L,
[4: CRISPRi #b, CRISPRa Ak % thF 2013 416 K
FF R F  82h o Bikard 25 ' 58 3K+ dCas9 Y C S
HA o WEE, (15 B FLBERETE S, A Bt T
2.81%. AILLFE i CRISPR ##i% HDR . CRISPR #i%
BSOS AR R -, AE R A A
A PR
32 CRISPR/ICas9 I RERSBRERFAEFHM
v FA

& #@ BB O A W (Corynebacterium
glutamicum) F&—FhHE 2= [QPAPE HIEANTE, VRN E
BNREY), 2w T Tl A =R, BLE 8t
UG ARG E Y, SR R
WRA IR . B RTE TF & A SRR RAT T 2
D] 4t 5 22 0 32 2245 v 7 [W] R 2 41 A 5 1% CRISPR/
Cpfl il CRISPR/Cas9 # A . 1 X F 9 [ 7§ 22 1
(Francisella novicida) k5 1 CRISPR/Cpfl & 4t ,
1 T H b 1 Cpfl AR X T Cas9 8 (143 T/, 4
MIEERAR, R iE m i fseR, B
I 2R G0 Bk 7 FH 30 0 2 A 110 75 TR B R AT T
20174F, BTN 1 FEAR SRR R T B sl A N
CRISPR/Cpfl &4¢, W57 4% Cpfl & M Fl CRISPR
RNA 4 #7E [f]— ok, LABLAE DNA LA,
SCEL T AT 90% AR ALK . CRISPR/Cas9 & 487 1,
Liu 55 " SR USR5 J5 25 LAY /D Cas9 Ui 78
16 Erh RIS, B Cas9 JFORLZE AR 1 7= A= 15 B
PEo AN, 5T IEH Cas9 Fll gRNA JFURL 73 1 R
JHEE Sy 5 58 5 31 Ptac MIP11F  (—Fh PespB fif
AR ) tifk, LSRRG 55 LATOR B4R

FIE4E DNA (single strand DNA, ssDNA) itk
ff, K5 60% F1 80% Y i A50% . LMK Fr
BB Fnddi A, Wang %5 1) Sl Cas9 25 A fE
TR, BA%EAL gRNA R LU IR s AR
W& KB, M FEAIE AL Cas9 H T,
K20 23K 11 Cas9 X 15 EREPEAR, BA R TRk
AR I AR SEEL T K 20 kb F BB LA
K 7.5kb FBAfA, sE—lad xRS s
A E I R ki, dn A R RSB T N R
6.75 g/LFote
3.3 CRISPR/Cas9# R 7E# B 2F #F & H 9 52 A

AL B ZEIEM R (Bacillus subtilis) &3 2 [GFH
PEREZEAT R RN R, BATR R TR A
Y, HAET, CIEAMFZEMIFTRE ST T CRISPR/
Cas9. CRISPRi Fl CRISPR/Cpfl %4 % %, Liu
A B AEAS RZESAT P P N CRISPRI R4, SCEt
T FLBE-N-Br UBE (LNnT) 7648 87 & ik 3]
2.30 g/L. Altenbuchner 55 "' Fi FF 25 48 JoOH 7 Al 7
Hhifs 2RIk Cas9 B, #li% HDR RETI T amyE
FE 251 kb K A Bk o Wu 5 G o
CRISPR/Cpf1 Z 4t S HACKS FEAE PN FE R il . 20
ZEA% . WIS R 2R GO R 5T 3 6 A B ZE A AT 5 v
SELT N-C RS F R AR Y & GE AR
3.4 CRISPR/Cas9# R 7EBE £ Fh 9 Az F

P g2 PR M AL A W, T T B £ B 3t
2 U R G e SR b, BT T A
I . 2015 4F , Horwitz % 0 78 B F &% £ N H
CRISPR/Cas9 Z 40kt 6 1~ A Jr Brtt 24 kb #4531
SRR, BT T IR IR RS . AE DR R i A
PR T, Xu % W AR EERE iz ] Cas9
FAACST B sgRNA, bR A T T 447
LR GRAS T IR T L 37 AU R TR AR . DAL
SAGIHR T CRISPR/Cas9 4l [v] 5 85 2H 76 45 b4
DNA i 8 SEBEE PR 1) e A Bl mit B, ] L [R] YR F 4
BERGHEZ) . BRIz b, dCas9 Ll FH T %
RS R 21 5 sfoK P92 . Gilbert 5 ) 5 i3 dCas9
I TEF1 3 8l R 5%, DN AR SR R Y 2% 36
FHE.

XF T F CRISPR i i 8 2R G A e B v S8
K B R A S v AR, (HE A BHIFA B 42
I R ELA% A W PR 22 48 5 4 T Tn7-CRISPR-
Cas 224 I 2P DNA K F BERIIRA . 24 %E
2 il P A A L e A MR B 0 4
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4 BEMRE

CRISPR A4 HY BB K7 8 T (A W i 40
gk vE , {H B AT CRISPRH A Il LT 1)

a. PAM J7 9 i {1 . H 1Y CRISPR/Cas9
FARHF NGGIFHIBRE, 1N REXH TR A 1 G o
CRISPRFZAEE N, T2 THEA PAM T
G, AEFUI S A 9E

b. G BLRER , X RS B ACR,  H AT
FEEANCE A 5P S B2 A8 1T 3R AS =
PRECA ZEAR A H 2 3 0 58 AR R T I 003 300 o 48
ik, P, ZEORFE H bRg s Pk 0y IR B $2 5 Cas9
Fr T TR R SR EME A Casd T HE X H
B Sun % Y FRUTAE Cas9 Fefth b3 ik %F 7 5% 3k
A, F93|—FpE A SuperFi-Cas9, 1% 2878 8 1 i
S4FHE DNA 9 30 5 B A BUAH Y, (R R S &
ARSI BE, SuperFi-Cas9 i) 24 f 16 P R AE AR AN
AT TR, RN AT Bt — 29, dkeltl
T e FLIF R R PR R AR AR R AR Y
H .

c. M Z WA RHEF . BAR CRISPREARLD
LI N AT Z2MEEY), (BB YRR
FFAE Cas9 B [ Bk ()BT XE AR T, 24K Cpfl 7]
DA MR AR AR R M

MRS LR, R LRI )
MR, X BRI R E B TR, DI E
GBI . PR B TE R AR B
M, dRECNE . BAh, R BRrisi ity
BHRFEARGS, T LA Z2Fh T n] X P e
B, R TR TS Z R, SRxX L
B B R TevR A = e BEAR A= i, DA AL H
KA TR R, 2T, RATEE IR
AR Y O AL B A R R . MR
BRIR S M R B REAV I AYRE J7, X0 RSk k
FEAE IR L K 25 A R A AR L, JEAR
A E W REZ 2 i Tolk i T3R%E, Wnfik pH. &
i EE, CARBCHE TR MRS Z —, &
1M, B A 3 ks T H, BHAS T 3R
TAE YRR Y FRAE AR . ARIE AR AR
PRI GAE P  TTF  HAR , p die T L, FHF
T A e X R U i e S T CRISPR
BB, e P S M s Oy TS S
JEZ I, AT S B RE 22 BRI ™= it () S B A

B DLASSCIZE R (http://www.pibb.ac.cn 5§ http:

//'www.cnki.net) :
PIBB 20220323 Fig S1.tif
PIBB_ 20220323 Fig S2.tif
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Abstract As a new interdisciplinary subject, microbial synthetic biology aims to transform existing microbial
cells or create new microbial cells to provide them with specific physiological functions or the ability to produce
target products. To achieve this process, efficient, rapid and accurate gene manipulation tools are important. Since
its creation, CRISPR/Cas9 system has been widely used in synthetic biology in recent years due to its ability to
accurately identify and cut specific DNA sequences, as well as its characteristics of simple operation, low cost,
high efficiency and diverse functions. In this paper, various gene editing techniques derived from CRISPR/Cas9
and their specific applications in microbial synthetic biology are reviewed. At the same time, the commonly used
industrial model microorganisms and the corresponding transformation methods of chassis cells are introduced. A
variety of industrial microbial chassis cells exist in nature and have their own metabolic characteristics to produce
suitable products. However, natural chassis cells also have problems such as intermediate metabolite toxicity, end-
product feedback inhibition, and branch pathway, which lead to low target yield, or the host itself does not have
the ability to produce the product. Therefore, it is necessary to modify chassis cells by gene editing method, so as
to obtain more excellent strains. The advantages of the edited cells compared to the control in the synthesis of
target products were listed, and the characteristics of each gene editing technology were summarized in order to
select the appropriate gene editing methods for the researchers in the transformation of microbial chassis cells.
Finally, the existing problems of CRISPR gene editing technology, such as PAM dependence, off-target effect and
universality of application, are put forward.

Key words CRISPR, microbial chassis cell, gene editing, gene knockout
DOI: 10.16476/j.pibb.2022.0323

* This work was supported by a grant from Hebei University Application Technology Research and Development Center Platform Project (2020-4).
## Corresponding author.

Tel: 86-17736586057, E-mail: aliceren0102@163.com

Received: July 14, 2022 Accepted: September 22, 2022



