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Application of gene editing technology in Escherichia coli
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Abstract: Gene editing technology can be used to modify the genome of Escherichia coli for the
investigation of gene functions, or to change the metabolic pathways for the efficient production of

high-value products in engineered strains with genetic stability. A variety of gene editing technologies
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have been applied in prokaryotes, such as A-Red homologous recombination and CRISPR/Cas9. As a
traditional gene editing technique, A-Red recombination is widely used. However, it has a few
shortcomings, such as the limited integration efficiency by the integrated fragment size, the cumbersome
gene editing process, and the FRT scar in the genome after recombination. CRISPR/Cas9 is widely used
for genome editing at specific sites, which requires specific DNA segments according to the editing site.
As the understanding of the two technologies deepens, a variety of composite gene editing techniques
have been developed, such as the application of A-Red homologous recombination in combination with
homing endonuclease [-Sce I or CRISPR/Cas9. In this review, we summarized the basic principles of
common gene editing techniques and composite gene editing techniques, as well as their applications in
Escherichia coli, which can provide a basis for the selection of gene editing methods in prokaryotes.

Keywords: gene editing; engineered strain; metabolic pathways
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B, XS] R AR S S W AT, 4
PR 2 A R K — o AR T P, I,
Xf—SEJEAZ A (N RGBT AR
HEAT IO S i A R AR B iR R B R R 1 LA
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ENEJ) ZX&EET ) BI7E R H LN 4B L
R R E 1-8 ot FEITEFES) . B ALER
ZEFgEE AT, Red RFEEL R %S 5H
5 ARG AR S [R] 5E B DR G e A
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—Fh B, LR A ) = B 2 — 1
[ 5 4 AU 45 RecA LA R4 A1 Red A R4
RecA HH RS E KT H B S AAERN —FhE
MRS, H1 RecA EHMAHHIEH (W RecBCD,
RecFOR 45) 4UA, A& 7e 3L R H 4 R FLH B R
R FEAE AT, RecBCD f2—FhZ )
REMEE AW, Hrp RecB HA KR M YIRS 4
3 —5RAEREE M, RecC AT A5 XUE W7 24 5F
YU Chi £ 57, RecD HAT 53 fif e i 4
PG ) RecA 58 UL R B4 B 52 3 2
1M A-Red EARGURA A A W M) —FhE 4]
Y5, 1998 9 W T R AT i e A el
W ZEA R 3 FIEN: redy (gam),
redf (bet) Fl reda (exo), 7774wt Gam. Bet
Fll Exo =P . Exo & —FiH 226 2 bk
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REER IR - AL TRIMIIBGAE T W 2 BRI = 3R
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[ P 910) . 7E KT % DNA & il # v,
3% R BRI BE DNA 5145 K AT B 5L A
HREFI AAEEH, MEHMWRBEESZEG
HREEHH (B 1A). ZJ5% A pCP20, % BTk
A L B &2 T RS N FLP E ZH SR I
FLP H 41 n 151 FRT 705, (2 Hoidk S v
A FRT 7 08 A S AL, A MeREeHodE 5L RS B
(K 1B), #EE A SR E R RN BT £ K.
FH I 5 B3 RLAE A o

7 [a) U5 B 2H o) AR rh AR A R K Y ]
P AATTAE A &l 1k PCR P73 Jy 0 5L K 4t
BEASTAR RS N — o K B R, DA AT
FALUT H U kRO AR R A LR P DNA
BN ARG # G, 755185 RecBCD 2
Tt %) B A, (55 0 205580 3 R A L R R R R AR )
1M Red F 4] R4 H # Gam AJ 175 = RecBCD
R AU B Vo, DN B 1k F 5 sk i e i) 2
DNA HAR 5 Bt 121, 34 Bet Al Exo fifi 7]
454 DNA RumfediE 4 . Ah, Red [RIVEEA
B A Z IR FR A L 75 S5 R T[] 5 R
VRINLY

K A KMFFH Rac JEBER AR RecE/RecT
HHRFEES A-Red HHRFE A LAHML, H
RecE/RecT F1 Reda/RedP 415 W) 5 2H 78 AL Al
hie BRSO . 3 Y R A Uil RN EL
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Figure 1 Genome editing strategies by homologous recombination. (A) The basic principles of homologous
recombination. (B) The process of gene knockout via A-Red system. pKD46: expressing Exo/Beta/Gam.

pCP20: expressing FLP recombinase.
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B AKEAMLES . RecE f&—Fh 53K 4M)
fiff, RecT Jj&—7# ssDNA ¢5& 8, fEKIN]
{EiF ssDNA Bk | SRR FIEE N f2 . i, A
WF5THE HPIAN R 1A AR T 20k K 5 410K
FYIFH K . RecT Rk AKF-FH & e HE 43005
(I3RS, 1 RecE MY FIXMIAF]FEH,
T Redo/Redp il RecE/RecT /T E L IIA
7 RecBCD & VE, W58 & K Hidis 44 4 Red/ET
P

ZIG A FHIEH Red/ET B41H A MKk
H R ZE AT X23 MR A R A BUR R AL A
Bt (48.3 kb) ok A ff- e 4 2 fUFF 1 FZB42 1
FHREHE RS BGERIER B (372 kb) #45
B TS FLZEAAT R A Qe R, AR TCIE A I
FIPERE R, (R RSB T HFREERD

2 fiRkRMEA

PSRRI T4 S DNA UM EZ
Z—, X E Ay SR A SR SR
2 TS DNA B4 AR E AL 4, SR
J5 85 Y] DNA XU IFR L8R 14 42, i ok A i
DNA J741) i 1 2 HERO 7 st A S5 1k E 4 PT LA
I3 RIUAS T AL IR - (1) B RGLS & A B
& (2) WASEARESS G AL, B A 4L
AR R i G (3) EAEEIL R
fife . HESCHR DA SR G h DNA R E B 45
G5 (4) BRI ESW o, B EA Y. &
o DA b b R ] SR R B L R PR A DL A
{5 8 AR R E 2 R G /D — Pl 2
H—XF LN . LA loxP 5 F Cre T4LH N
B, & 2A B T sk etk FLA ) 3 Fhl

JUT- e A E 28 0 14 67 50 S 1 o 20 ity 41
J& FUTMWA-RIKEZ —: A R E 4
(tyrosine recombinase) 1222 R E AN (serine
recombinase), 1444 J SR AR M AE B 7 A ] {4
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FERRREE, M TRE TR EENAYT
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P AR Gt B PR R B4 € W] I F- (recombination
directionality factor, RDF) K% [ 1] 53 & i
KA AR - AR AT AR, DA el A 5
FREE, F HI%0E antl M anR EALTAMEH] aneP
B AT, A BF 50N 22 5 R 4 4 il A0 )
I RDFs @l& /- Af e —EN, ZEA R
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RORFEARET, UE B TR A S 4R 52 K
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FLP/FRT S 41 Z 45 Fll Cre/lox ARG 1Y
HAMYE TR E4M . b FLP/FRT &
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SR E A 2 S PR B A BT B, (Hix
DI AETEFERT Byl S, HEE 415254 FRT {7
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Figure 2 The process of site-specific recombination. (A) Three outcomes of site-specific recombination:
gene excision (upper), integration (upper) and inversion (lower). GOI: gene of interest. (B) Site-specific
recombination between the two difH sites catalysed by XerH. Plasmid 1 represents the primary plasmid
containg site-specific for recombination; plasmid 2 represents the product after site-specific recombination.
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Xer/dif EA RGN EREABARLH, )8
TRATRE L, 4% XerC F1 XerD B KB,
Le Bourgeois 2% B — S0 7| BR B A% BR B 1
JH B — F i S R T 4 I XerS S8 LRI ER AL, 2
Jii, 2013 4E, Leroux ZE* X YE 25 5725 ph AT B
RIT XerH #E A, B AL BORL F P4~ difH
P EI L] (& 2B). XerH 1 (354-362 aa)
TER/INHIEE A AP B S 1E5E XerCD (298 aa)
BIARKAARR, ZFHRIEE 26%, HE
5 XerS (365 aa) A& H = A RIEET,

BARMAEC L LI T ZFEAM, (B HE
KT LT, il R 22 24 R o 21 il 1 HLK
VERIBLEI A TE PTG R — 29T, 534b,
JIT A L i e S A R G AE— AR, B
HAZJFHHEA FSH MR E, T
A EE DR A AT g 2 R A U Z Sy FE 4

3 ETRdELZANLEBR

HAR Red [R]F 4 AT AT J DR 4 A9 A A7
BT, (AR RS, BEMREH
W) 5 E 2 5 7 R S B A A 2 S, DT X i
B g R B R o B T, (HE, 7
AT ARG Z RS — A EAM A
FRT 5% loxp), fELAE B E A Bl gE x5
T Z A B 25 R Fr L, ROk 22 1 A
RETERR M IR BN R AR, . 5
Red A RS 1-Sce | NE N VIS G, N
A3 T JCIR S A R,

[-Sce | JB— Y ARMFRA NI, JR8E
FROMIH AR N UTEE, B 76 k00T B RE Lo 14
AN T T-Sce THU 18 bp BYAEXTFRF 1
(5'-ATTACCCTGTTATCCCTA-3"), EY ik I
A AP AR DLz BN R0, ik e
FHRNWEHAEARESHUENRZ (double
strand break, DSB) WE%, HZ&FE4rFEIM)
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HABE ., ZREATZETHENELAY L
Pl kW PR 5% (NHET) S5 FALBE LR
B bR HE 4 EFEE DNA B EOR

Red HA5HEZRMNYIMG 1 -Sce T ]
VEBEAR S & f 2 75 B A0 BV AT 58 il dE A1 3 72
Hi—, i Red BALK H Y R Bog 4 3 %4
Prag e ek b, p G o PH AR B bR B AT
Ve BAPE e s 55—, T-Sce TXFH AR BN A5
(PR REbRIC) #478980, 4 DSB, HT1E
FRVE S BEAR IC P S A A R R B, 2R
TEH /R T S8 AR IR R IR 2, A
R BV EBE AR 1L 22 B% 38 3 B 3 46 ml 45 3
B (B 3). mFixsEAS B WA
VR, FrLUE WA R, — B E A
ML RUFN H Y SE AT ks 1, [-Sce TIHE
IR N VIS A T ok 2, HAZ AR
M5 SR B ORI R, DUE B 4t
il A EH R

2002 4, Kolisnychenko 2™ ¥k 454 Red
HHM 1-Sce TIHEAZIR NI FEAHSS 5 1Y 5 A
AR AR KT MG1655 R4 s2 8 T
TCIR M, i KA R LR Lk T 8.1%, Tfif
X RN AT 3 AR BRI TE I s, TER T
TRV g e AL 255 5% M A T ke U 2 AR T AL
2006 4, Tischer 214704 Red B 4H F AT B4
B2 N VI 1-Sce T4 B ) 880 T KRG HF A
SERL T RRAR A B K R B A IR .
[ BB T T-Sce TIH S A% IR 9 YT 1Y 2% 35
XPEEAN T RS B OCHE Y AIME 2007 4F,
Rivero-Miiller 2504 Red TG 1 -Sce 1 #4
B —AERL, A A BTRATE IS 3l 0 7 2R
Riaah R HRE AL T2 3-55kb
M E R By m A, HLBR H a9 38 R A A HiA
DS HISE R o 2014 47, 58 A5 1O i 15 40 b
BT RE A B, FHZERITHSC BT JOIR AR
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Figure 3 Knockout of the genes and knockin of foreign genes in genome via A-Red and 1-Sce .

RIBHE CLM37 Y nanKETA FER#E, i/ WP i e e gt A RIbR . O 1 1L 5256
TR RRAE SRR R AR, X FER 2R, 2016 4R, Hook 4FPUZE AL T WE ALY

TR PN 32 B Y R AL A8 T R S (HT 2
Z K PCR Y1, LBl BB, HFEmIT
JREFTHE  BE K3k 684 bp, M0 T S23 A
DL JURN 7 R 5 BE3E 2 PCR 78 H (3L
Jr B m A A R, TR 44k i) PCR o]
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HBR) M car PUEEE (fEdnid). &k
it PCR ¥ 1Y, M ik JSoks i A [m] B U)oz
MEEY) M AR AR DNA B, %07k
IS T >10 kb 1) DNA HBeRySE N 4% 4,
ERAN S ERE R 2 | BT —BE 31 nt 95R T4
KT FAE s R T e B, RER 4 i 1
55— B BHPEREPEANSE — 20 19 2 1) ik PR 1 a5
PHPER #2020 4, Egger 0T T —FhoE
Sy TR B ) 7 32 BE P PR RR R 7 55 AT TR T-Sce 1
PUNGL B G RIRIGFFE B4, W T 5F
[-Sce 1 PUINNLAATRPE BL21(DE3):: [-Sce I RS
1 HMS174(DE3):: [ -Sce I RS. ZJi¥ A-Red
ARG 3 i 4B AR B BRI R A U
BB NVIEE (1-Sce 1) Z5GHeHK, TR
ki pAIO, R F 25 A 3 FhEAHER (Exo,
Bet, Gam). [ -Sce I BV a5 (1-Sce I restriction
site, I-Sce I RS). 4l [-Sce I IHEEER N Y]
Mg . 1-Sce 13 i BIHAA K G 8+ araB
P, BRFEE AR, A RTRATRE AT

T 1 -Sce | HE BN VINGRIL, 7EHE 4%
G Rk, %R BRI BORE pAIO Hr
[-Sce I RS, Mook fy RAEUAS 2, 2R
FEYE s MAEAR AL EHMEKS, %] [E
I ) R ZH FFOR. pATIO HHY [-Sce I RS,
TG A & A= B AL AR AE, (LT AR 1
() HSJ g JooAr P PR TR AR SR R Y, pl I S0 i PR TR
PRI A . BARPHPE SR AR IK E] 100%, (HS
A-Red-FRT-FLP JrikAf L, kDT pCP20 #1k
RAUHESL RS BR R, 8 TIE], L
K2 I 2 a5k B AL

AIE BN Red B 507 SR rEE Y
EAASE G I 4R R g, 825 R Red
HAARGE 1-Sce 1HEE N VIBELE G LA F T
I R 53k %) 5 D) A i SRS, B AE K AT D R IR
AR T IS TR R RCR . % 15
28 TR JUAE s A A 2 Y g i B R K A T 1Y
R EAE 2R AEY (FERRKGITH)
SE R I R s 33 B 0= i o8 ik

x1 FRERBRERAEFCRAEEFAESHINA

Table 1 Application of genome editing technology in different bacteria
Bacteria Methods Gene knock out/in Production Yield References
Komagataeibacter A A-Red and Knock out: ged gene Bacterial cellulose 5.91 g/L [39]
xylinus FLP/FRT-mediated Knock in: glf gene
site-specific Overexpression: glk gene
recombination
Escherichia coli ~ “Clonetegration”:  Knock in: pg/B gene Oligosaccharyl ~ The glycosylation [52]
CLM24 site-specific transferase efficiency
recombination increased by 85%
Escherichia coli ~ \-Red and Knock in: TAL pathway (two foreign  Violacein Improved [53]
DH5a [-Sce 1 pathways)
Escherichia coli ~ \-Red Knock out: non-essential polysaccharide spDsbA-MBP- (5.7£0.2) mg/L [54]
K12 gene clusters hGHy 38 PNAT142 (9 _fold greater)

Knock in: orthogonal glycosylation

components
Escherichia coli
site-specific
recombination
Escherichia coli  —

FLP/FRT-mediated Knock in: SA biosynthetic module

Combining the polyketide biosynthesis Maleate

Salicylate (SA) (1 560+£50.2) mg/L [55]

7.1 gL [56]

pathway and benzene ring cleavage

pathway
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4 CRISPR/Cas9 5 )\-Red EH % 4

CRISPR/Cas9 FH1E T A KIS R G,
J2 4 T A I AR HUR EE R B ORI PLA
CRISPR JFHI7E 1987 4E8 UKL, THZFH
PUR B RENLZAE 2007 4E9% 1 UIIER , 2012 4,
EEMAEY 22 Emmanuelle Charpentier Fl13€
H:W)4E 2% 5K Jennifer A. Doudna X§ CRISPR/Cas9
FE 1A P1%) DNA 73 HLUE BEAT 1 RS 240 b, 6
T EPREER) CRISPR/Cas9 % [K 41 4 4 4
A, IETF 2020 oA H DR AP % R
G8 b 5 R R AT R A A0 ) B L R] S A2
(clustered regularly-interspaced short palindromic
repeats, CRISPR) #/l cas 3£[H (CRISPR-associated,

Cas). cas F:H 2t Cas fEH, %&EHEA
0E T I P RO A BR IS 1, AT LAKS DNA B i e
JEUIE DNA $%, Cas 81 b HA WA 1% 1R 1
ghERIEL, 245 A orRNA (4546 %3] Cas9 M
) F tracrRNA (CFf crRNA [ & 76 1IE#7 &),
“HAEIERYIE DNA B 41K, Doudna JA Al
Charpentier E [ AP* AR 318 45 44 A= 2 05 B
AT T AL, A TR crRNA FI tracrRNA
HER, B —4 550 5 RNA (single guide
RNA, sgRNA), CHEAH 15 2] — > 5 {7 5L L A
iR ARG, Ll fAifbZ 51 CRISPR/Cas9 R4t
BB R B 2 1 B 9 3 T A A 0 1 R K] 2 G
i

CRISPR/Cas9 F&Gif R Jiang HJF &
FHT 20 oA S DR 2 G, A T2k 1 R DX 2 G e )
R, HAEKIGHFFE I B L & 1)
ERRCK ., F 4N, CRISPR/Cas9 F 4877 BAK
F R a] B 7 5 i T 2L P (protospacer adjacent
motif, PAM), {H /2555 1 PAM 7 41 78 3[R 4
BT R AR A R BB AE B 0 81 i
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SAFE—B 5 Z AR P 411 i H. Cas9 2
Xt PAM 25 20 B v OV, 3 3OCHmT BE AN 7 41 25
B DT 5 RS F 450 2 A0 6 ER] i, B T 308 g <<t
BN o A BIFSE AR AT DL 2 S B R 1
5, FAAL sgRNA il Cas9 ekt G0 ol i /b il ¥
G 1Ry 102 R ) HL A Bk A 0 v R A 5 A
—NIREEEBE T —BER T, MEYE
W, R E AAE A R L R —F =,
HITA]JE4& 42 (homology-directed repair, HDR),
XJE—Fh AT RERY 22 J7 . 1 CRISPR/Cas9
SYIRNA S, T8 R P SR A TE
20 B 2 38 2o JE [R] 95K 3 % 4% (nonhomologous
end-joining, NHEJ) K52 LN A&, XFhiE
e R T REMLESR , BT AERG R EL AR,
L4, CRISPR/Cas9 R A-Red R4
MIE5 G AT & 2 R E TR, PR R
ZEA AU AT LUEFR Red R S7E [R1R B 44
T AT T A A 52 B R BRIV BR ] A4 1]
R, A R e DA S R 3 AR DA i 4 P o
W, b Al LI 2 s/ CRISPR/Cas9 RGEA
B AE I AR A0 20008 SRR R AL BT
TE sgRNA W55 T, BEA IR K S E R
Cas9 & 1 #l Exo & 1A LUE 7 87 1] DNA £,
— BT R 4L A /& DNA Fr B, 2 55Y)
AR DNA MBRL, M5 20 Lt b4
DNA JBt, 1 Gam £ [ ] LR DNA ¢
B, B 1k H A E A B AR AR R N VT K S
TG Bet £ 1158 MU AN S 2H B A 1 72
IR GE A FE R g L R (18] 4). FEWIFD
REMEEEHAT, R T By, K15
RSB B gm AR SOR: , Cas9 ZE A 3 AP B E N
(Gam. Beta fll Exo) fEfEFFEIHE AT 3T 1
PaE, DASE A8 A 35 S ) A ke 7™ A A ) R B
R IR K-, DT SR T b 50 A S DR G o
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Figure 4 Knockout of the genes and knockin of foreign genes in genome via A-Red and CRISPR/Cas9.
Plasmid 1: expressing Gam/Beta/Exo proteins and cas9 gene; Plasmid 2: expressing donor DNA containing
N20+PAM upstream and downstream and sgRNA. LHA: left homologous arm; RHA: right homologous arm.
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2015 4, Pyne ZE1 ¥k 454 CRISPR/Cas9
Ml A-Red FGuXT KM AT o SE R Al ik A7 T L A
. fAIFR T —Fh = ORISR, 43k
A-Red 1fE (Exo. Beta fil Gam (pKD46)), Cas9
HEE A EE tractlRNA (pCas9) LA K 7] 2 F5
crRNA (pCRISPR). Al 1 1% J5 1L AE KB FF
HHSERL T ik 19.4 kb [ DNA FBefbkde, LA
& 3 kb BRI DNA B4, T H A e
SRS BFR (0 FRT JEIRA ). 2016 4E,
Zhao E N IFE JLILA - E— A fifk, PR T —Fp
(T RNV 57 SN = R N B PSR =y e R =
KR ¥ sgRNA .| cas9 F:[H . Red 5 41 fif
NS E R, AGE S — R
0] 5% I R i 4R 2ok B 78X R 25 Bk PAM 751
(A B AT B R g ot B b, sgRNA 45| &
Cas9 0] 4 My BRI 2 i PAM JP 91 2 & A=
Zid, AR sET=U",  Br LAAE R 4 G 4
R PXS Cas9 8 gRNA By kR ELE
Zhao 2SI AT B L-BaTH7 AA BE 75 2 (19 pBAD Ji
B JHEE Cas9 MR, FFAE K 58 1
TR R B B A S R B R e, g
R IR 100% (A1 297 bp #1298 bp).
(HR R RAFAE— LR, SRR SOR &
Bt () R P A e T R AT 4 T 00 ] 5 U
/D 101 bp J5, EESCRIUE 69.3%A 4, T
W% 51 bp S, AREEACEN 0%, 2017 4,
Zhao ZETOOTXE B TR G 2 DR VA 6 AT T A AE
TEHTF4) 22 A kL pCAGO ", cas9 Hi araB Jg 3l
TR, 3 M EAEAH tre J5 3T 71 5T
¥, 1M gRNA B4 AL 3+ sd 84 31,
AATT O 2 T e A A ) A% 38 T N20 JP A,
$ L-[A] 5 . marker, N20PAM ., L_short-[f] i
B | insertion. R-[AVEREF 6 B4 Ry SE A
AR, 2 ERZ AL LA R, pCAGO

&: 010-64807509

MAKBFE, f£3FEAEANERT, &
DK 2 e A B 308 1ok [ VR B 2 4 A 31 KW T o 2 R
Hrfr, ZJ5, CRISPR/Cas9 % 2 ffi A4k 7E
N20PAM JF 51 4b & A Xk K 24 (double-strand
break, DSB), #%#, 7E L-[AJEE I L_short-|r]
P 2 e AR RR S AL, % marker JHFR, HIL
58 TCIR JE R 2 Bt o IR B AR A R i
T H FL CRISPR/Cas9 Jr ik F#I BRI, I & 2%
FEAR T ARSI . ek, mTRLKE L short-[A] I
BTN S LR B e X 5 AT,
BT 58 A B i R PR R B o A SR T
10-100 kb AR AL mER , FHorh 10-30 kb (9%
AR N 100%, 70-100 kb HY i HERCE Ty 75%.
2020 4, Huang %204 CRISPR/Cas9 % 4t Fil
A-Red REMHE T WA REGE, LB T 12 kb
) DNA F Bt B4 A il 186.7 kb A DNA A Bt H)
MBR . 12 kb i DNA A Bedi A )3 R g B %
FPHME R KR T 7.2x107° F1 98.3%. MHER
186.7 kb ) DNA J Bt (3L F 4 i SR MIBHPE %
39k (1.20£0.09)x107° Fl (97.7%%2.6%) . ]
XAz Pk 5 T A BUE R G B R T
MG1665 FEH4 e, 1558 T s L g B bk,
HS TER) ™ /A3 T 1.3 g/L.

BRItk 4k, CRISPR/Cas9 Z 4t ik u] LAJw] i %ot
AL I T4 Feng %7K T CRISPR/Cas9
i Bh 2 K 4 4w 3 (CRISPR/Cas9 assisted
multiplex genome editing, CMGE) A, 7] PLIF]
IF X R FF T Y 4 AN S AT S

CRISPR/Cas9 ZR Gilr T i &t Z 5 B Wy
2, TERGEE L B b o U R R AL, R AT
X Cas9 el E AT 5L R g o 555390 & 3
1 Cas9 H 1Y B s A DD B 25 B8R0
I RlA AT LA 98 A8 R S5 i 1) e 2 e A A T
G, DT M AR S T, 50 BORG i i) gk [
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G, XRG4 N “base editor” (45 N
BE)!"?, 3 A M K% David R. Liu B4H )]
TR B R ISR B 4 4 4% (adenine bases
editors, ABEs), 1% &% n] K 40 R AL 24 i
KK 40 DNA R AT 548 G-C BliFEx,
ABE 5Z i BE —i2, MK & T o3
BTG, (i BE K 4] DNA VU Fh G 5L 0] 1 4H B 5
el R AT RE . AR ARl R R E R IR
HAE LR FAJE# T CRISPR/Cas9 15 51 BE3
ARG, AR WHEST C BN T, BiZRSE S
SN F R A s A & IRE, ol se s T
rppH B virB10 JE A H ) Gln B+ (CAA)
FNZKEEW T (TAA) HIRZE, JidE 58 ik 5
T 99%LA 4,

5 kE

Bl 5y F A 2E PR R R, A T B D]
BEOR, JUIIE PR B =R DY g i B R A 2
Ad LR A A W S I A dm A T AR K Ak
o, AUA] DATE RN A T v 552 0 B 5 DR 1Y) e B
HEA, &0 PL5E R R A mR S, [
Bt 0 K 5 B 4 ™ A A 7 i A\ S DR AL
AR, WAnfEREE PR b, AR E R
FACE 55 BRI A B RPN A L,
U JE R R = A KB, B
FARRCRA —E iR,

HE R TR 7K Y- 32 SR T s R RH 1 ) 1
WA oC, WA sh T (promoter), % BHALZY
A s (ribosome binding site, RBS). {55 ik
(signal peptide) %5, H o153l F1F Ry B 5% 5
B <FF &, FE IR R R IR 7KK FH ) 4G 3
HOT RS EEAEN . ERANEAR RS
ABHASE, T2, B DL R A
HARESAT T IR, X I R S E
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Je Bl SR R i 5 DR 3k AT AS B A6 A 1 2%
ik, 7E Red ALY, T4 FRT {4810
BRR L 4N — BB g ARG I T AR 2 A8
PEo R TR AE R B AR AR AR
BRI RTRE, AR TR gia kg, RS
FRT o7 s PPk ik R Be e BEAE A 2 )
Ui, A AT AR 7 (5 b B 4 A [R] ) s oo 1, [
AT IR A AR R A OCEE A (F 5).
A o 3 PR 2 G R AR TR AR A BRI AT
PR 3 R4 0] DAARASAH L 19 0] AR 7 H bR = 4 1) a5t
RRGE AR, (R AT DL skE S ol Ok R G2 45 T
Ry Sk AR T DL R BT AE R, X AE T
A7 E AR KN AN . A BAEAR AN
AR AT LAMR I AR 7 5 ke s i AH N A TR
PR, AT RIS AR 7™ H s 7 ) 58 0 KL
N
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Figure 5 Knockout of the genes, knockin of
foreign genes and replacement of promoter in
genome via A-Red homologous recombination.
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