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Abstract: Lactococcus sp. and Lactobacillus sp. are lactic acid bacteria commonly used in
industry and have long been used in food and beverage fermentation. In recent years, with the
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continuous improvement of molecular manipulation and genetic modification techniques, the
basic research and application of Lactococcus and Lactobacillus have been promoted, and their
important potential as functional strains as well as industrial microbial cell factories has been
highlighted. In this paper, the research progress of genome editing technology of lactic acid bacteria
commonly used in industry was reviewed, and the knockout knock-in based on integrative plasmid,
fine modification and knockout knock-in based on genome recombination engineering, and gene
editing of CRIPSR/Cas9 system based on clustered regularly interspaced short palindromic
repeats (CRISPR) and CRISPR-associated nuclease9 (Cas9) were emphatically introduced.

Keywords: Lactococcus sp.; Lactobacillus sp.; integrative plasmids; genome recombination

engineering; CRIPSR/Cas9 system

FLMR I (lactic acid bacteria, LAB)Z&—41JC
ZEA6L L etk DRAR L mK AL G AT )
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R, D) 1 LR i AL A

e BT, FLRREE N T = M MEY
AT BT R B IEA S P
TR LR AR Bk
Ab, FLBRTE IE T A A S 245 M) R 1 A A
FAYRARYT . WISy T Y BT
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nuclease9 (Cas9), CRISPR/Cas9]& 4t 1y Jk K 41

GRERBOR (R 1), IR T AR LR B A
T R

1 ATESFENEER. B

FURT, P 0% 7L 1R T e DR 2 i 4 e R R
SEMOB BN R E A E T RecA A SRS
JiAL 5 5 2 A Y R R O S A F . T
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Table 1

Genome editing techniques available in Lactococcus and Lactobacillus

Tools Host range Characteristics References
Integrative Lc. Lactis, Lb. plantarum, Based on two rare single crossing-over, low integration [19-21]
plasmid Lb. rhamnosus, Lb. acidophilus, efficiency and time consuming; No resistance markers;
Lb. gasseri, Lb. casei dependent on counter-screening markers
ssDNA Lb. reuteri, Lc. lactis, Recombinase mediated, suitable for genome fine [2-3]
recombination Lb. plantarum, Lb. gasseri modification, low recombination efficiency; Requires
high concentration of oligonucleotides and mismatch
repair (MMR) system; No resistance markers
dsDNA Lb. plantarum, Lb. casei, Recombinase mediated, suitable for gene deletion and [22-23]
recombination Lb. paracasei insertion; Combined with Cre/loxP system to cause
lox72 residue; No resistance marker
CRIPSR/Cas9 Lb. reuteri, Lc. lactis, Combined with ssDNA or dsDNA recombination, [24-28]
Lb. plantarum, Lb. brevis recombination before cleavage, providing efficient
counter-screening tools; Recombinase mediated,
cleavage before recombination, enabling gene deletion
insertion and fine modification; No resistance markers
CRISPR/Cas9P'%*  Lb. casei Suitable for deletion and insertion of genes; No [29]
resistance marker; Cas9P'** causes genomic
single-strand DNA breaks, which is easier to repair and
can effectively avoid high mortality caused by
double-strand breaks (DSBs) and is suitable for strains
with low recombination capacity
CRIPSR/dCas9 Lc. lactis, Lb. plantarum Specific targeting of single or multiple target genes [30-32]
using dCas9 without endonuclease activity for
downregulation at the mRNA level; No resistance marker
CRISPR/DBE Lec. lactis CRISPR-deaminase-assisted base editor, including [33]

CRISPR/cDBE and CRISPR/aDBE; Specifically
targeted by sgRNA, can efficiently achieve base editing;

No resistance marker

MRS R, TEAIME A5 RecA fEHIF LB
2 R 2 T 18 X3y e R 2 S 4 2000 e 1
Pz, RS —ascsierp, BoR b Ay b ) R
5 RN AL R PR X AT S84, R A BORL R
PIFENAL b, Se BRI N B 2, TR A T
TEAREKRIIER IS 2 R, Tif
[F) Y5 55 6 DR A R O IX R Ay s d, S B AR
2= IS AN 3vi% T TRlE - S PS I =  g vAl wa  [ T  E
MIENA] F LB m&Ba R B ng b
Ui IR PRV BOCEE AR B D R L b R I ) R
5, SEBREEIN YOI RcBR . H ATFLIR I P

Al 52 i YR A TR £ pACYC 184140
pUCPY A pBluescript SK MM T3k, il
an, fE ER AT R R AR AR pNZS5319 (1
AT pACYC184) B IE G FH T FLIRR T 1Y B AR %
A, Hur ) Z H FARIALERE (Lactococcus
lactis, Lc. Lactis)FEPZLATH (Lactobacillus
plantarum, Lb. plantarum)™ 3 K 1 R Al
200 RO B850 2o Xof B R AR Ak pNZ5319
F) K5 A 2H i B8 7 B AT AL, BL Le. lactis
NZ9000-3 iyt & MR T — R 5 Ak (5 21
BRI, A FLIR G AR W7 IS B i 1 B
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Figure 1
arm. Em": Erythromycin resistance cassette.
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A X E EN R AABCRE R LR, b5 W
FHETER T SRR Bk, gk pG i 1g
E RGP RepA itk pORI RGP (firk
T pWVODERIEE 1 S HBCR ., 45
P 4 B AR T 1 AR 10 38 2 3 T BT PR SE R 40 )
TE 2 WA S TPUrE TR L, AR5 B S
Cre/loxP 7 5 F5E 5ME 5 41 2 48 % XSS T pk Ak
N4 ERIBTHERRICIEF T UIRR, SCBUAE N oARiC

[ #Aw [ HAdowm f——y

Schematic diagram of homologous recombination based on integrative plasmids. HA: Homologous
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i 1 S SR B, I R R G AE A . ]
n, 7N TR AR YEFE I (Corynebacterium
glutamicum) 3 T H & i ki pKl18mobsacB/
pK19mobsacB 3% K TOIR p bR R4+, H
FIFIR I WERE SacB VE N Il i #ebnic, SacB
A DK FERE T 6 BOR M, 3 R T
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RO EARRUER . VPRI AENOE 1 bR L-FLIR
Y B 25 4 L AT T8 (Lactobacillus  rhamnosu, Lb.
rhamnosus) JCM1553 H15| AT 2T pK18mobsacB
B I i e R GE, ARG T 1dhD BEPR 2K
MRS IR, R B  L-FLIR & R
99.92%. WFFEHM, G hit bR 1 BE i PR A M 7
Bt 1) upp BL 1A 2 5 PR EACH AR RGRAR, wpp
BEPR R e 2R AT LA 3 98 28 TR AR XS 5- 980 DR Mg IE Y
i 24P FLAS £ 5 25 50 T 1 =8 00 A ) 2 e
H T upp B CAE R —Fh S e b iCAE Ve IR FLAT
Wi(Lactobacillus acidophilus, Lb. acidophilus)*
¥4 ECFLRRFF A (Lactobacillus gasseri, Lb. gasseri)™
T FLAFE (Lactobacillus casei, Lb. casei)®"Fil
Le. lactis®" il . T upp 2RI A
AR R, L, 0k R G R
BRI upp SEIBR T BR . Solem 450y
T DS FLE R s 5 R (oroP) BT
B pCS1966, T Le. lactis 16415 R oL
BRI AT Y AR E 2 e S-SR IR EAE ]
T T RERE, HE oroP M HAIH ARG H|
TR IR AR tRNA 5 o 72
15 pheS 45 IE I AT LATEAR 22 40 14 H A4l I
) G bR 0 B, BT, Xin HFPYTE Le
lactis NZ9000 H1 %7€ T 14~ PheS 2511, HEWI4A
JfiH PheS 2 1 & A4 A8 A312G (PheS*)2xfifi Le.
lactis NZ9000 1 Lb. casei BL23 X} p-Cl-Phe (X}
FARNEAMR) WK . Zhang FhE 78 Tl B &
TS 245 2L R TR Hh S 5 308 — K% 4G Ddl K32
MR TR0 T T R R U, RS R IR
SRS HABIE L, PR T —MAT I
B RN 25 LR A 1Y S e Febnic, A4 KT H
Tl DR 22 300 ik ] 0] A e DR 2 g 4 T RLAR . T
PRI R AR ir ok 5 B AR ERR A AR
TEASRE AR SEAK L 578 (B A= B AR L, PR B e
i 2 A 50%

2 ETEAFAFELATIRNRS
BAT AR . BN

HE T HE G R - B U B G0 Y B TR 2 R
HR BRI )z, H R A SRS He T R O 6
I FRERE B, RERT AR, B T
Yree MG A2 BRI K RE , — B85 24 i) Jk
DRI 20 i R G0, A0 56 T it s AT 4% B 2 i ) SR
DNA (single-stranded DNA, ssDNA)E 4 R4t &
¥EE DNA (double-stranded DNA, dsDNA)E 4 £
R E AN SR AL A o T HL BT,

21 EFEHEFATRE

H 1998 4ELIE, 3 ik W A 1K i 2 il /- 1) [
/G SRR G2 T Bt e o ata ol X3 [V I =
HORIE T RIBATFTE A BRI AR Red R4 Rac 5
AR RecET REERAMPEH RE Y,
Red EHRGH 3 PMEFEIAGILET Reda.
Redp Fl1 Redy 48", RecET R4V H RecE
Fl RecT 3X 2 AW A At & 141, 21
Reda 1 RecE {4 dsDNA {R#iVER) 5'— 3% M
ST, AT UIBR &P dsDNA BB 1 3’
ssDNA; ssDNA-iR k& 1 Redp F1 RecT J&H
% DNA iB ‘k 75 [ (single-stranded DNA annealing
protein, SSAP)ZK &MY M 51, XN FREAM, W
DLAT ssDNA Ruméhi &, RIPHAPE R
FigRe fg 0 (RIS E 4D DNA B IR k. AN
BA, X—idBEFN dsDNA 4] T FE0%)
(K 2A), SRIMAE ssDNA B THH HA SSAP
Xt A o PR RE SR R Y I 4102 0 T 1Y)
(K 2B). BRKWHFFHIM, Red/Rec RGN
BT AT LR, FTRRJE T TE s
Fe A 2 G0 KA S E AL A 22 5 S 30000,
DRI, 425 90 P 8 5 T A i 2 g A i 1 i 2K
P RETHEA TENENARBERARNA
S g 22:60.68]
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Figure 2 Schematic diagram of the principle of genome recombination engineering. A: dsDNA. B: ssDNA.
HA: Homologous arm. Beta/RecT: 5'—3’ exonuclease. Exo/RecE: Single-stranded DNA annealing protein.

Cre: Cyclization recombination enzyme.

2.2 RecT 1+ 5H) ssDNA E4H reuteri F1 Le. lactis FEN RS HERIRILE R A, [H

FLERHH ssDNA H2H AR M i F 2
F van Pijkeren 2P B G FLAT B (Lactobacillus
reuteri, Lb. reuteri) Y E155] T ssDNA 255 %5
M RecT [F &Yy, TEICEFEETT, LA T Lb.

BREAGAE] 0.4%—19%; WL Lb. reuteri
Ml Le. lactis TR A HE A ¥ bR W,
ssDNA H2H HA R, ARA mBRAB,
bl 5 Z R HAE LT RN Le. Lactis W €
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158 —FR 4| ssDNA G5 G E R R Y, FIRRER
T ssDNA H 4 RYGHE Lb. reuteri Fl Le. lactis I
Mt ie 24, 2505RM, HARREIE J
RIRIKF . FERFRABITT R E | BAROR
N BB & (mismatch repair, MMR) 2 43 1 i 4
JE % R GEAE 7L B N i Sk R R PO
Guo S5l i AN R IR P B, FoE A
HIHFRFERIE A E AL RecT 7E Le. lactis B
S e T, R R A - O 25 s i 2 3 T Gk B
100%. ssDNA 41 5 Gt i FR i 5 2 2 72 T
T T RCR IR, BRI A Wik
B O e SR Bk . A T R — ), BFSE
15 sSDNA 2 2H B ARHE G i R0 T Ik 4 BK 71 AR 5
1% CRISPR/Cas9 [eit#EF 48, SeAl A # i
SR SSIEZE I ol e S S I T S T R i 5 2
(protospacer adjacent motif, PAM)J¥ 41| & 2k 5
A, SRIGHFIF Cas9 AOAZIR P9 U 5 14 X R &
AR SR (1) 40 L BE R AT U0 R, R S8 A Bl
Bl RAR R SE T, i — 4w T R A Wbk
F18 i 12 B R 2420091
2.3 Red/Rec Z%JT FH dsDNA EH
Red/Rec RS/ 59 dsDNA B4 K KA T
KT B FoAth JUFP A= ) A PR . A 1 ) S A
2 g AT RESE K A A 2070 kA i gT R
BH1E FAZEREHTHIF] Redy 54K i) RecE/RecT
oY Reda/RedB 321k 1] A 30 H2 55 dsDNA FIFE K 4]
[el P8 XA E 5% 47, 3 F van Pijkeren 450
TE Lb. plantarum WCFS1 %% 1) RecT/Redp [F]
ZY) Lp 0641, Yang Z4YE Lb. plantarum
WCFST JEWg & P1 o % 15 238 7E 19 Redy
Hl Reda 2 [ [7] 24 Lp_0640 1 Lp_0642; i
YT Lp_0640-41-42 4% UE B B A 20 E 17
dsDNA Ji ) Fil 1 32 [K 41 DNA 2 [a] 1% 7] 5 2
4, 454 CrelloxP 2%, WINTE Lb. plantarum
IR T — Rt ie S A A E L. BT

Lp_0640-41-42 fF7E1E FHeESFPE, MmBR S 1%
Fo e A LR E RN A . Xin 5PN A
Wi fe B2E M N Lb. casei BL23 JEIETH {4 PLE3
R ERE] 1 A ARed KA EH A BT
LCABL_13040-50-60, J£X EAM1MThEe#FT T
WE; 454 CrelloxP %%, TE Lb. casei BL23
HSEEL T LD A AR L R HIORE B R R AR 5 i
Hb, TE Redy M9HEHI N % R G p Uk I 7E &I T
FLFF I (Lactobacillus paracasei, Lb. paracasei)
I Lb. plantarum WCFS1 Wh W BwEH G, F)
Mz Z 50, WREXT Lb. casei BL23 FH:[H 4
Py R B LemiBR , 2R15 1 2R 80 1.68%
AR dsDNA T4 LS CrelloxP Z45;
N FLIR AE 20 R ) SR AR T TR B s A e A
HIRE TR, (H2H THTE lox72 £S5
B, AR TR . Bs, W5 H%
CRISPR/Cas9 J2 Y F 50 i 1 3 dsDNA 21
Girp s T HRY R R ORISR, JFRAZ O
FE DR ZH B 5 1y T 38 N- 2 T i 2 A e A 35 3%
T2 I it 4

3 Z-F CRIPSR/Cas9 % 4ty
4 4 35 SR

FLHR T 15 Z e S 2 T E T R A 3
PRI 3k o B BE D A #24E  HLAR AP A — o W e
FrRESME, R & —E 58 R Y
PR SR | AR AT A TR A G B R
A A 40 R B A N M R R GE, CRISPR
T HAH IR F1(Cas) AT LA S50 U] 31 2E A 200 it 1
ShE DNA, HWE A DNA 8050k, 2013 4E,
Cong 2|l CRISPR/Cas9 Z G 1L AW
Y SCI T 2 gwdE, ffT CRISPR HoARTEA:
YIS g N AT B THET . RE BT,
CRISPR/Cas9 REtE M) 12 FIF RIGAF "7
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TR (0 o AN O - 0 2 N R I L3711
M AR T AN T R A IR R A
R P g S AR, (BRFERLRR I
A TR R B B o

3.1 CRIPSR/Cas9 %%t F#l

YER RIRWi AL, CRISPR/Cas RGN
AE P RRAL T P SR Sk g, DARREE APk
MR AR5, CRISPR/Cas RZETE AR R
WHZ AL, FERAEHAROCH) Cas ST H
2%, M, 0% CRISPR/Cas % 4t (Ji H 2
CRISPR/Cas9 R G0 T HA A ife . Kihh . fif
HERE ) Cas9 FEAEAZ IR M i 5 (8 2H 4w 5 B
71, REEHBR & ZHNREDY,

KHX CRISPR/Cas9 F4iH CRISPR RNA
(ctRNA) . & X % crRNA (trans-activating
crRNA, tracrRNA)FI Cas9 #Z IR W2 BY,, Cas9 #%
W25 H crRNA Al tracrRNA 21 19 % RNA &
E T A% K 25 H (ribonucleoprotein, RNP)&
Ak, FFLL crRNA f4[8] B8 75135 DNA 1
JEMIBE T 5, ¥ RNP & A 4E A 2] PAM FlJiE
(] B P 41 X 38, 76 PAM E 37 3 B3k b 15 5 0
55 K%L (double-strand break, DSB)®** %1 4R )5,
TEfE BB T, AT LUR R Y
PMEME 5] A G807 5 2R 5 R A B 15 PAM
P58 R T BETE Cas9/tracrRNA-crRNA & &
P BCh T AR R oREA, JEok, R A K
CRIPSR/Cas9 RGBT i Cas9 1% I it F1-5. 1]
5 RNA (single-guide RNA, sgRNA)ZH il A% X2
STERGE, sgRNA E—F A TRy . SRR
crRNA-tractRNA XU TIER, @& JFA K gRNA
B GFEN 20 nt 5P, HESY
5515 F 5 H 4] DNA S8 A7 g,
T+ CRISPR/Cas9 1Y5E A 4 % i iT LR 45 ) Ml i
T B 8 ) B 1 471 EE BT i A

3.2 CRIPSR/Cas9 ZAEFER & F HIL A
3.21 HETF CRIPSR/Cas9 R HI R ) iFiE TR
T K 2 8040 T A A7 78 I W) 5K o =1 240
(non-homologous end joining, NHEN& & #L il ,
M QAR 5] A DSBs, 4l i w4 5E
T-, A, CRISPR/Cas9 Z4: Al Wk —Fiii kK
P14 J52 1] s 3 1 5L e 12 R 19 300 2 725 R Ak A Bk O
WS (& 3A), TEFLERE ', CRIPSR/Cas9 I
S5 [v) B 0 e R A AR T R IR A
TR, FEEI MM sgRNA Fm i3t
A FRAOL (% PAM ¥ 41) 5848, Cas9 HY ¥ 514
Sk RS E LA R A TR A R A fE
Lb. reuteri H, Ry T &5 HA AR IITHERCE,
9% ## CRIPSR/Cas9 JE R 41 4455 ssDNA T
G, ARG A S 28 AR PR AR 119 7 E R0 ] LS B
90%—100%>, TE Le. lactis W, BF5% & @1t ik
P& B L AR CRIPSR/Cas9 ISR,
ATLITE 72 h WSCBURG IS SAE . F Bt
A, THERRIRF] 75%LL E°) L8 Lb. plantarum
Hi, Zhou %N i #37 CRIPSR/Cas9 Ay
dsDNA Fl ssDNA EHFA, SCHL T X AR 4
BTG4 e, AUFE LR RERR . AR 2R AR
Bife, PR e S g N T N-2 k2 L 4
BERACH TR s, FEAN TSGR RN BT A
BRI 0 B AL R R AT 72 A 797.3 mg/L ) N-Z ik
I AW, LA, CRIPSR/Cas9 ZR4LiA AL
A& FRgEE, HT Le. lactis 1A E 2
PRI R A RO 1R, R NS 460 B 201 A ok 1 A 2
priet £ L
3.2.2 % T CRIPSR/Cas9 R Gt h%E F A %4E
Br 7 AEA B ik T.H., CRIPSR/Cas9 %

Gt i ik — 20 ¥ I T LR T ik DR 2 R I AT
IR B gERE AR . Le. lactis VE—Fp R
2 0 S RN OB R BER, WK — H R
A AT ARSI S DR T 2 i r ) R, Y
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Cagg OgRNA /Cm
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ssDNA

Homologous recombination

Edited cells

Unedited cells

3 ETF CRIPSR/Cas9 ZFZHIERAEARETR=

Cas9 site-specific cleavage

*CRN 4

Caso wSBN4 | Caso O
4 S or

+
= Repair template

Edited cells

Figure 3 Schematic diagram of genome editing based on CRIPSR/Cas9 system. A: Counterselection in
precision genome engineering. B: Gene knockout and knock-in of the genome.

Bt X CRIPSR/Cas9 RGEMATIAL, Mk
M TARYY Le. lactis BB MEWE B p2 A9 5E
A, S AE ST v TR A RN i B B2 B A
IR IRBE T A %0 T HP . BT Lb. casei
LC2W A [ 5 8 41 15 52 (homology directed
repair, HDR)# /7, CRIPSR/Cas9 /551 DSBs
X LC2W J& @ 85t , i CRIPSR/Cas9”'"*
(V111 Tt )5 S5 1) G 0 AR 5 407 2 — A R ™ EE 1Y
ik BRIk, WILEBT LC2w 3L
Mg, Song %N ¥ CasoP't Bt
Cas9, FfXF Cas9P'* Fl sgRNA [y ik /K F ik

Ak, TE Lb. casei LC2W 1 SEBE 1 G (8 {4 2
PR R AR, RACR AT AR H 25%62%; 5
CRIPSR/Cas9 4 5 ) DSBs #H Lt , ¥ 1 [
Cas9”' "M 75 5 (1) FLiE DNA W24 (V) 1) AT B HE 2%
S, M BO0H 2 0 B AR R i kit . Bl
Jei, AT P YR R R 4 B FT CRIPSR/Cas9
RS M-S, LW THE Lb. plantarum FEFAT
W (Lactobacillus brevis, Lb. brevis)H {43 [K 2H 4
B, HpRILNERRTE 7 d WEDFTSER, MR
RERANIR 50%—100%; e (0 Ak [ 4 i 5 n]
ik # 35.7%%° (K 3B). xBFsE £, Rk
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A F A5 A dsDNA & AR AT LUA R b
P EARR, #Ef Cas9/sgRNA 175511 DSBs
PR R A, X R A A P
BRI P,
3.2.3 EF CRIPSR/dCas9 R RIEERIEX
A ERE

kDR 3 38 PR AE I 5 R R 11 D fig B AR
WAL R AR EEE . BR7EREN
HABFEPIL I AR ZRAS | SR FIRASL, CRISPR
Z4tih 0] LI CRISPR T-3L(CRISPR interference,
CRISPRi) K Vi 45 5 R 383 WF 5T & 8 ad 4y 2
T dCas9 Fl gRNA MWIERTR.RSE, TE Le. lactis
H T upp FE P mRNA $5RACT 0, RIS E L
PR BE WS FE & 5-98UIRK ME NE Y 2F 1 R A B A
i, WESET upp FEHVIEREY, BE)G, Xiong %P
TE Le. lactis NZ9000 " XA & T F T [R5 5
NI BY WUBOR. CRISPR/dCas9 258, 79I
SRR BT Pun MALALS 3 F P44 UK 3
SpdCas9 F1 gRNA [Rik; Z5REFW, ZRR
A DA R ERA S 2 AL R TR, LR Rk RE
R EIE 99%; b, FRERMHIZRGEE
R E 75 8 ZBHLEE LLNZ_ 07335 RHRER/K
fife i, HXT NZ9000 MyRRERBUIEEMEM . BT
Le. lactis, WF5EEWUEB T CRISPR/dCas9 141
RG] LU T Lb. plantarum v 24> 8 4L
il B CRISPRI Z 40 J& P ik i ik b 5
R AR AT AR R A T H, 5,
Tian 25N dCas9 il M AR 0 22 i 43 71)
W TIEM T Le. lactis 9 CRISPR/cDBE Fi
CRISPR/aDBE fif{ 5 4 i #% , 7EJCHER DNA #E
M F15] A DSB [ 1E# &, CRISPR/DBE 7] LIA
M G Le. lactis W9 OH bR B AL o H
CRISPR/cDBE #{ ik 0] LATE Le. lactis NZ9000
o R B SEI 2 A SRR R s, o 2 N R
FIERFEAT IR 100%.

4 REEERZ

IESAE ZLER TR AL bR g A AE T R
TR ERZ K EP Ak, r 2Rk
B ELA R A PR ARSI 2 £ AN R
S R, XA B AT Tl A 77 TR AR RN
AT R R A e AR U0 R, T
A Tl A 2 M R U R R, IR A
RE 1598 = A B O . B AR X LR TR 1 2
A BAEC I A TIRZ THMI T, (HEE
FETES AR AR . FERTR AR, T H il T3
BRI RAE LT 2, ZHENRBH AL
FETE EREE . NILE BEIF L —FhfE 8 &
R A TP O i A 3 R 40 o e AR ORI R FL IR
A8 19X 45 %) L A B A

YR 240 3 R 21 44 4 R, CRIPSR/Cas9
RGANTE DAL BRI h SE o T R A g, JF
H Cas9 R B UM AL T 587 51 37 14 & 7% i
BER) PAM JF51(5'-NGG-3"), XBRHlT Cas9 7F
ik GC EmFL A H AR T AL . ARk
IR B80T MU Y Cas9 RABKHA R Y PAM it
GFPE, MPRER A MR PR GIE Cas9 EI, AL
R R GAE LR P AT g e, v R
CRISPR/Cas %4t CRISPR/Cas12 (Cpfl)iH 5|4
FPA 5" S o W iR E (T PAM P31, SR8
FH X F TR FrCpfl ESLTEL
PR A ) b i B R g, T HLAF S R WIZ R G
EAERCR AR, IS G 2 EEEHED, Z R
Sehe 5 iE T IR B A N g R b — 2 i T
KEUE, JEAZAY) argonaute (pAgo)E 12—l
7 DNA #R2NYINE, FLLITE gRNA/gDNA /Y
51 3 N RNA/DNA B8I4E], HETZ &
GO THEGZAMEERHE . KB E
HR IR B 2E AT B A0 L D AL g OO IR
Ml CRISPR/Cas RGAHILTE PAM J¥ 54K
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PE, BIA A B B — AU R A B R .
TR RS A RSN ES, 7
58 5 TR s 68 R 1 I 2 R0 I AT A AP PR e AR 3K
ZAK L T AR A A P A ) A
Cas9 1% 2 il 1) 4 35 X AR 221 A W it AN W i 47
SO (R e S T RO o R /I WS S 1 9
Cas9 % [ F AR Z g A a0, ik,
W — 24 4wl e S 5 Y SRk AR
PRIAE TR S 0 2L R TR L TR G B R R B T e &
KELZE, WA, FZIMREERA S EAA
[F]MFEYfY CRISPR/Cas R%E, W AR TR
HET IR A2 59 CRISPR A% R 001061
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