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Abstract: [Background] Genome editing method coupling the CRISPR (Clustered regularly
interspaced short palindromic repeats) system with A-Red recombination technology has become an
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important access to Escherichia coli genomic editing. Recently, there have been severa genomic
editing strategies in E. coli based on CRISPR system. However, these methods often require many
processes, such as the elimination of single plasmid or multi-fragment assembly, and are till
inefficient, tedious and time-consuming. [Obj ective] Establish afast, continuous and efficient CRISPR
genome editing method based on several different temperature-sensitive plasmids in E. coli, and
improve the editing efficiency of CRISPR in E. coli. [Methods] The pTarget plasmid in traditiona
CRISPR method was modified to an RK2"-type plasmid with better temperature sensitivity. Two
plasmids with different resistance markers (pTW-A/S) were constructed and used aternately to
eliminate false positives. And this realized the elimination of plasmids and next round of gene
integration simultaneously. [Results] At the same temperature, RK2"-type plasmid was eliminated
more easily than pSC101*-type plasmid, and could selectively eliminate pTW-A/S plasmid. Moreover,
it eliminated pTW-A/S plasmid and transformed other plasmids and target fragments during next round
of gene integration simultaneoudly. The efficiency of gene knock-out/integration reached 100%. Then,
we used this method to construct BPO3 by modifying gene BspanD and aspA on strain BPO1
continuously, leading to increased production of B-alanine successfully. [Conclusion] A novel, efficient,
convenient, continuous and flexible CRISPR/Cas9-mediated genome editing strategy has been established
in E. coli. This coordinate use of multiple temperature-sensitive plasmids method solves the problem of
incomplete elimination of pTarget plasmids in traditional CRISPR systems, and it also avoids the low
connection efficiency in process of large plasmids construction. Therefore, it shortens the experimental
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hours and provides a powerful tool for the construction of metabolic engineering strains.

Keywords: CRISPR, Escherichia coli, Genome editing, Temperature sensitive plasmids
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AITEOL T, Cas9 T YcrE sgRNA RS- T AERENA A
FESIEVIRI LN 2 DNA, SR )5 1d A-Red T E
MIVER SEELFIE R B S o IR RGN T7 L e bR
0, BAWCEATLIAE] 100%, FEAESEEL 2 R
SRR AR ST BRI JE ATy SR T 2 B
(2L BR A Cas9 IVEATINBR pTarget ik, f—%
BV A d flRta],

2016 4, Zhao 2% |3k CRISPR/Cas9 4fiHl
A-Red [RIREA RGHAT T ok, RAT SR R
SR T RURRL RS : (e e R, Eat
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SgRNA . Cas9 [, \-Red A HE IFLHIT, 1T
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A, SEEEZ RIEE

A, AR FH 2 AN RIS U B 17 J5
R EA RGEA TG, IWTE KT By —
Fh M Rk . RE ) CRISPR/Cas9 415 it 3k [K] 26 24
TR M o 3R SR I L R TR R Y R T
PSC101L & ifill it A 37 £ 1 5875 (pSCL01° BU k) . 24
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F pSCL01°RUfFkr, FEAMFRIIRE T RK2 K ks o
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B, ST SCBHRE R R 4R . 2R T —
TP . G BRI B AT CRISPR R48.
IR XA AL ) CRISPR/Cas9 I i 3 52 B 7E
S IS} 5] P9 X AP AT R 2 R4 aspA S[R3 ) 8l
CPAL iy, LU BspanD #MEIE N # 4, FF
ST X R A B- PN A S HE R
5,
1 ME5ETE
11 ##d
111 BEHRFABRL

K W ¥F % (Escherichia coli) i % BPOL .
BW25113, T1 HASSEE E R Afr, AHICRTR LR 1.
112 EHEE

LB 37 hk. AR MO ik /5
R BlAG i o1 A Wy O . RIIR R 2R (Kan) ik
R ()M TAEWEE Hy 50 pg/ml, EEHFZR(AmD)
() T A B Sl 100 pg/ml o
113 FERFIFLEE

Gibson Assembly Kit. FR#IPEPNIVIEE. T4 DNA
WA 1 New England BioLabs 23l ; Fast fly Pfu
RAETEN H 4347 7 s DNA 2l K sE e B )
& H Promega /sl 5IWHEFGFHAEY) TG
FRAEIG AL L-BThrrofig A iz B 2RHca
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F* 1 AMRHEXBR
Tablel Plasmidsused in thisstudy

iy A JFCRIAFAE
Plasmids Characteristics

Sources

pCas Kan'; ParaBA D-\-Red recombinase; Pcas-cas9; Ptrc-pMBI-sgRNA; pSC101° origin

pTarget  Str'; Pj123119-sgRNA; pMBI origin

Kindly provided by Pro. Yang Sheng
Kindly provided by Pro. Yang Sheng

pSA1  Amp’; pSC101*®origin Our lab
pSK 1 Kan'; pSC101® origin Our lab
pWA4  Amp’; RK2®origin Our lab
pWS4  Sir'; RK2® origin Our lab
pTW-A  Amp|; Pj123119-sgRNA; RK2"® origin This study
pTW-S  Sir'; Pj123119-sgRNA; RK 2" origin This study
pCasl Kan'; ParaBA D-\-Red recombinase; Pcas-cas9; pSC101" origin This study
pTW-Ai  Amp’; Pj123119-sgRNA; RK 2" origin This study
pTW-Sa  Sir"; Pj123119-sgRNA; RK2" origin This study
pCPA1  Sir; PCPA1 promoter fragment This study
pS9Bs  Sir'; P119 promoter-B. subtilis panD fragment This study
12 FiE BW25113, THAHANHFHRM LB HiFrkd

121 HDFEYFRIE

PTW-A | pTW-S JFkiR ] Gibson 2H % )5 44
%, pCaslifiid PCR ¥ pCas Jiki)5, £ Byl Il
Y] A %545, pTW-Ai il pTW-Sa | fi] PCR §"1%
HIERAT . 2R LE Y iR e B Se e S
FERAHEA 7o JEDRN e B R W ER A PR v
AT B s I W3k 2,

() FTHE R Bl 5 o LASEEG S MR A A
T LEFRLRT DA PR I [K] 1Y) SR pSOBs kAR , il
514 iclRBspanD-F 45 iclRBspanD-R #4745 K
FFREEA iR A5 F . T FRIJEE S BspanD 2[4
B4y, il 55 BspanD FTH#E R Bt . AL pCPAL
RN, RS54 aspACPAL-F 5 aspACPAL-R §~
WA RN aspA i . FUFRIEE & CPAL
IR TR, il % f55] CPAL 4T A Bt . PCR =
Yot PCR 4l Ak £ sl e [l
S T Al b (R A4S L Dpn | BRI P D)
37 °C4bFE 6 h DAFBRBiti ik, Ffrucidd PCR
P ElAL TR G A TRE A B

(2) Red JE[H )i T30k I ML 6 I8z A5 A )
il % . Jiki pCas9 FIFH CaCly ¥ bk A% F 14

30 °C. 200 r/min 355, K H % 1:100 400 %
100 mL LB K53#3k, 30°C. 200 r/min %555 % ODgy
0.2, A L-BRi{bEE L 30 mmol/L, 7
F 1 h (ODggo A#E1L 0.6), fifi Redo. Redp Fil Redy
IMEARFGE. FHTE MR ART VK - HrS 30 min,
SRJ5 4°C. 4000 r/min &5.0> 10 min, FFAHIICHIK
Ve 1R, SRIG TR 109%H MBS 3 K, W4
Y 500 pL A2 254N, B 50 pl sz 2 A k.

(3) Mtk HAbPELLWFTHE DNA F Bt 5k
ZAMMIRS], FHATRE 0.1 cm B, K5
AT T B S L E 1.8 KV, H A I] 5 ms,
ML S8 S S B IMA AR LB 1573k, 30 °C &
I8 2h, ARG R+ N E R R AR, 30°C
FEFRA
122 HEMEFR

S IR TR HHAR A A, AR
T EAR DT A X2, T U B iRl
BT 30 CHEEKE AT, BPHEHKRE T 37 °C
fEIREE AT . 56 2 REKBCATERE TR LB (%
R BT R) T, FERrf R 45T 200 r/min Pk
K.
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Table2 Primerssequence used for amplification and identification

5149 75 JHi& Hi
Primers Sequences (5—3) Purpose Template
Amplification primers
Tar-Amp-R GAGCTAGCTGTCAAGGATCCGATTATCAAAAAGGATC Cosntruction of pTW-A pWA4 (with
TTC (Amplification of Tar-RK2-F primer)
RK 2=origin-Amp’ fragment)
Tar-Sir-R GAGCTAGCTGTCAAGGATCCCTGAAACCTCAGGCATT Congtruction of pTW-S pW$A (with
TGAGA (Amplification of RK2%origin-Sr"  Tar-RK2-F primer)
fragment
Tar-RK2-F CCTGTTATCCCTACTCGAGTGGGCCGCCGGCGTTGTG  Congtruction of pTW-A/pTW-S pWA4 and pWs4
GATACCAC (Amplification of
RK 2= origin-Amp’ fragment and
RK 2= origin-Str" fragment)
Target-F GGATCCTTGACAGCTAGCTCAGTCC Cosntruction of pTW-A/pTW-S pTargetF
Target-R ACTCGAGTAGGGATAACAGGGTAAT (Amplification of SJRNA
fragment)
CasF CTCAGAACATGTAACGTAAATGCATGCCGCTTCGCCTT  Cosntruction of pCasl pCas
CasR CTCAGAACATGTCCCATGGATTCTTCGTCTGTTTCTAC
N20iclR-F GTCCTAGGTATAATACTAGTGCACCCATTCCCGCGAAAC Cosntruction of pTW-Ai
GGTTTTAGAGCTAGAAATAGC
N20iclR-R GCTATTTCTAGCTCTAAAACCGTTTCGCGGGAATGGGTG
CACTAGTATTATACCTAGGAC
N20aspA-F GTCCTAGGTATAATACTAGTCCGCCCTGGTAGACGTCTA  Cosntruction of pTW-Sa
CGTTTTAGAGCTAGAAATAGC
N20aspA-R GCTATTTCTAGCTCTAAAACGTAGACGTCTACCAGGGCG
GACTAGTATTATACCTAGGAC
iclRBsgpanD-F  TAACTATTGCATTAGCTAACAATAAAAATGAAAATGATT  Amplification of BspanD pS9Bs

TCCACGATACAGAAAAAAGAGACTGTCCACAGCTAACA fragmentswith homologous arm of

CCACGTCGT

geneiclR

iclRBgpanD-R  GACACCCTTATTCTATTGCCACTCAGGTATGATGGGCAG
AATATTGCCTCTGCCCGCCAGAAAAAGTTACAGGATGG

TGCGAGCCG

aspACPAL-F  GGGTTGCGAATCGCGTTTAGCTTATATTGTGGTCATTAG  Amplification of CPA1 fragments  pCPAL
CAAAATTTCAAGATGTTTGCGCAACTATTATCAAAAAGA  with homologous arm of native

GTATTGAC

promoter of gene aspA

apACPAL-R GTAGGCATCAGCTGGAACTTCCCTGGTACCCAACAGAT
CTTCTTCGATACGAATGTTGTTTGACATAAGGCCCAGTC

TTTCGACTG
Identification primers
iclR-F100 CGACCACCACGCAACATGAG
BspanD-R500 CAGGATGGTGCGAGCCGGTT
CRPAL-F TTATCAAAAAGAGTATTGAC
aspA-R TTACTGTTCGCTTTCATCAG

Identification of insertion of
BspanD gene at the site of iclR

Identification of replace the native
promoter of aspA genewith CPAL

1.2.3 5L K=K

AW s T R A H A rh Rl
PR, PR R TR LB BraR b hig fhat
&, Ph 1100 32 57HSY L-BHidiig Zzym
iR FRAEF, 30 °C. 200 r/min EHfES#KA
14 h, %5 2 K 4°C. 5000 r/min &> 10 min WA #

A, A M9-Gle # ki F ARk, 37°C. 200 r/min
WAL 4 h 5 R EORE e 2 R B i, MO-Gle
FEAVIR NS HAIRE 10 g/L, MO ZEPhiATk (R
1xM9), NH,Cl 10g/L.

B-PH SRR BOATT A= B2 HPL.C Ml 5 - BRURE i 300 L,
10 000 r/min &.0> 10 min, Z5IH & # . 0.5 mol/L
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NaHCO;. fii4: i DNFB (1:100 Iit T 2[5 )
4% 100 uL, $£5), BT 60 °C /KRG 1 h,
JIA 700 uL 0.01 mol/L KH,PO, (pH 7.0), 13 000 r/min
Z0 10 min, BRSO 0.45 pm JE R U8 fE 2 T
HPLC il %€ .

HPLC Il 5E J5 3 : %44 Zorbax SB C18 (5 um,
4 mmx250 mm); st A: 0.02 mol/L NaAc (pH
6.2); WA B: LG, RYEPREEVEBIFRR . A
0-20 min, B: 5%-33%%k I B B Uk, UK
1.0 mL/min, 3 30 °C, AMGINES, KK
360 nm, =ik 600 nm, HEFEE 10 ul.

2 HREHH
21 RESURE S H LS BT HIE

B T IGIE pSC101S 5 RK2'S & il i i 7 5 i
FERUSPER 225, o0& 2 P TS G 0r i i
PSAL Fki(FA pSC101™ &R tahi M) &% pWA4
JRRL(S A RK2 il Ja 4R 075 ) H ik A BW25113
o, FAFHItR SAL B2 WA4, %4 30 °C AR
B RPUMERR LB 15 R BB 06 L5 e A G
KM LB Kigf3t, 4kZifF 40 °C 537 6 h. &
JEHRE 1 000 f5 5 VA TPk A LB SFHuali g
RHERTA L, 40 °C HFRIR . R EI(E 1),
WAA 7ERE 8 R AR JCHVE , IEH pWA4 STk
FEX — 25 1F T REMS ARG LB T bR, ORIAR IR B R
100%. 1 SAL 7ERR W H &R TR EAPRNETE
SEREAE AL, PCRIGIEZ swMEATISR 5 pSAL BTk,
P25 SRR AT RK2'S &1 LR 7 s ok AT o
SR P I AR

0T BSE EA 2 Pl B SRR A R e o7 e
(R R A7 I REAS RE R 2k RK 2 42 B 4R (37
MUTORL, F A R R Z PR pSCL01S & il J 1h
PSR pSK1 5 pWA4 LG4k A BW25113 R 1k
L, S RIER R T E&ERPUEMRAR LB
BiRIE G, BASA RIRERIMARIA LB
KigRdkrh 40 °C H55% 6 ho SRJEFRHRE 1 000 i )5 A
TRWHER PR RIFER SR NEHER AT

Carb* Carb-

1 REHRERRNEZRER

Figure 1  Plasmids curing of different temperature
sensitive plamids

TE: A: SAL FRRPTOR pSAL il OL T ZRAIIE; B: WA4
FEvEH SR pWA4 SR LT Al BRI,

Note: A: Plasmids pSALl in strain SA1 dtill exist after cultivating

under high-temperature; B: High temperature can eiminate
plasmids pWA4 in strain WA4 absol utely.

Mt 40 °C Hifrid . S5RRM], WIRTEXUF
B EAREA, TATE - RARE AR ARG, GIER]
PR TT LIEREME TS BR pWAS TRL(E] 2). HRECRAR
TR PR BRI S, TEHURIR LB R Rk
40 °C. 200 r/min 153518, WA TILhitiRi IRtk
A b 37 °C HigRid i, Pk rebeitk RRE: R
Fedkrh, R IC A, A RIEN] pSK1

Kan+Carb

B 2 @EEHEEEMAMERI RK2® B RALEE
H R

Figure 2 RK2'" plasmids can be eliminated selectively by
control of temperature and resistance
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TR FAT IE 8 D IR AU, A pWA4 A7
REMS LB PRERAR
2.2 pTW RFLK pCasl Bk HIiE

FT RK2®E il iA 07 s %) pTarget FoRiE T T
Mok o K pTarget BoRiH ) pMBL & il 4R 7 58
ol RK2CEHlRIAN M. R, N THREZRIK
A MFA S HIERCE, E T SR E N EE
RPN pTW-A  Je & 7 85 8 ZPUE LR 1
PTW-S. [R5t pCas JiA 1 7 , 2Bk Ptre-pMB1
B0, 3545 pCasl Fiki( 3).

Pm'nBAI) eXO-bet-gam
Cas9

pCasl
pSC101* origin Kan"

N20 sgRNA

pTW-A/pTW-S

RK2% origin  Amp'/Str*

3 pTW X pCasl RHAIHIEE
Figure3 Congruction of pTW plasmidsand pCasl plasmids

bp M 1 2 3 4

2.3 F|FH pTW-A [RAE G BspanD £ &

PRSP R ] idR (288 N20 Fe o4 5
PTW-A 318 Bk pTW-Ai. #8854 iclR {7
SRR PR B 2R IR L- RAHAR o BRI
BspanD FiAHEFTHE f Bt (BspanD FEk). BPO1
ARSI 2 i AL R AR R AR s ) K-12
WAk, DL BPOL TR BE N FERE, #F pTW-Ai J BspanD
B AR AN L BRSS9 BPOL(pCas) I
, ERNERHRTH R R TR E 30 °C HiFid
R, PREC 10 R T4 . A icR-F100 5
BspanD-R500 5 | #1561k, BHA4: FRIAK /N A 600 bp.
SEIR LRI e N BAYE, BspanD JEH A BERY
FARE N 100% (& 4), HHM: 744 BPO2 H
TNk,
24 R pTW-S ik AspA BahF

R PEIRG] aspA f75 A0 N20 81l e 5
PpTW-S H3RIGFKR, pTW-Sa, ¥ 367 A W] V5 1Y)
CPAL SRIH B FFTH R B (CPAL FEY). % E—%eik
1319 & A pCas Fll pTW-Ai BTRLIY BPO2 7TEAL & A R
IBFE R MR IA LB #5573 40 °C #5357 6 h, LUTHBR
PTW-AI JiTkE . 48 J5 %4z 30 °C 555 3 in ABTHz (A
WA Y G Uk 5% ODeoo N 0.5 & il 45 B2 &

5 6 7 8 9 10

4 &% PCRIIE icdR i R E & BspanD £ E B4 raikE

Figure4 Agarosegel electrophoresisof colony PCR for inserting gene BspanD at the site of iclR

: M: DNA marker; 1-10: FEHLBEIERITEH T
Note: M: DNA marker; 1-10: Randomly selected recombinants.
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Y. HEE L pTW-Sa ) CPAL HBt, TERNE R+
FERZE PR L 30 °C Hi3Ridk. BT pTW-Sa
pTW-Ai HAHAR Gt 0, AR Bk AN AH
M, PSS EEAT pTW-Sa R IE B K ik
JESF, pTW-Ai A&, gk — 260k T
PTW-Ai [k . MF-A b BEHLHEE 10 -2 g it
Tr%E, S CPALF 5 aspA-R 17 PCR &
iE, FBR/NA 2000 bp, STUEIAHAT, CPAL S 5)

bp M 1 2 3

— NI
U OUNOLOOD
OO
OSSOSO

[
<

1000
750

500

250

E5 Ei% PCR IIE AspA BaiF&#k CPAL #Es Bk E

4

T A By 5 30% R 100% (&1 5). [AlAT PCR BiiF
BspanD i £ &4 & 25 12 545 (K] 6) HRBH M e
4 BPO3, 42 °C Wil iR WAi it A,
37 °C IR BT PR RS, Ptk uE 2 %
(B A REAS
2.5 BPO02 BP03 E#kIh gEBYLEIE

bR LR LA R = KRR B-
RIRNA A () KAFHE A SHA L-REH

5 6 7 8 9 10

Figure5 Agarose gel electrophoresisof colony PCR for replacing the native promoter of gene AspA with CPA1

. M: DNA marker; 1-10. BfEHLPkEAYEAH T
Note: M: DNA marker; 1-10: Randomly selected recombinants.

bp M 11 12 13 14

250

E 6 % PCRI&IE 10 NELTF BspanD LSk B E X

15 16 17 18 19 20

Figure6 Agarosegd dectrophoresisof colony PCR toidentify BspanD sitedidn’t occur rever se mutation in 10 recombinants

. M: DNA marker; 11-20: #kiEnY 10 ~E4H T
Note: M: DNA marker; 11-20: 10 Recombinants.
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fR i 2y PanDEC, {HREIE#AL, H PanDEc 5%
TEFE 1 PanZ B4 B T A REXE IR T &4 A BTV,
BB EMER o8 kIR TR R 2R AT
JI5t 72 13 BspanD ATy LT ] 4 B 51 - BV AT 56 B 59
I, HEEE 20k PanDEC (1) 8.6 175, LW P ;
(2) KIAFFHEI idR ML RTAEN T, ©HAX 2
TR PN VE P, mBR J5 PT A B £ ERR TG P11
i, F U TCA PR3 URRAL S il kb, 8
1 55— LR 2l g S B T (L) ()BTl 5 (3) 7
82 WHHEA g, Xk L-Asp
(A L AR R T oAk o B SEIR aspA 19 A B R 8h 1
Bef 2 R S B CPAL, AT LISR{L AspA i
W IEEARIR A AN L-Asp MEE & b, Mg in p-
PR I RTARBER o A T B0 1 A el s #0 ss A K
W, XIS ERk BPO2 K BPO3 11 B-A &R R A,
AKEHEA TR 455K, Pk BPO2 1y B-TN &R
ISR R, 7 Eik%] 1.52 g/L; 1 BPO3 /Y B-
WNERI PR E—Hh 1.52 g/l #E5E 1.919/L,
PR 25.66% (& 7).

25,
) 1.91
2.0} T
2 1.52 L
= 15¢ I
A
s
° 10}
S
g
g 05
- 0.00

00 L 1 1

BPO1 BP02 BPO3
Strains

7 3 BPOLE#HIT 2 X ESLEFABERELNERS
p-ARETE

Figure 7 Two continuous genomic editing of BPO1 strain
to improve p-alanine production

: BPOL: LI ZE LIS RACHEOEmbk, TC B-TI RN
#; BP02: itk BPOL QL (afA4 5 BspanD i#itk; BPO3: filiff]
JiCkE pTW-S F 4t AspA Ji3 3l 1 i Bk

Note: BPO1: Strain enhanced glycolytic pathway in our laboratory,
has no B-alanine accumulation; BP02: Strain inserted gene BspanD

on BP01; BP03: Strain replaced promoter of AspA with CPA1 on
BP02.

2.6 FFH pTW FRHIAY CRISPR 4L E F A R1E

WL EAEST, W05 T LASSEAE T 2 RidirEbRic
() RK2S e i sl 3, ik 1 o i o
FRIFTTRY CRISPR 2 L5 K 41 Zh SR M 7K — SR
JFURA pMBI Ry & il U7 5 1 pTarget 8% pTW Jik
BUR. pTW JSoki L S TR B AU, w] AR
R pCasl ML N HRHIHRR, SCBBRIEBR S T —2
AR 8). AL gniE AT A4R% = 2-3d,
A8 LR A AN Th 2 B e B
3 WE4®

£ CRISPR 415 1 KW AT 11 2k IR 4 G B 2o 72
H, 759 Cas) & 1. A-Red T4 . syRNA 1]
Ik, FAEEA RIVRE TR R BEAAE R A T A
RESCHL. Wk T 92 BLUF — 58 Wk 0 35 8 4 i 4
pTarget % By JURL ) T b 25 B8 A oA B BT (R 203 11
FERIAYT o FRATTE I I R B R R R, R
BHAS [) A A2 Gy A7 o, %o I 8 ROk B LA 22 5%
RK 2" B ki SOdURAE T pSCL01° ik . A X
2 FRATME AT CRISPR R FH Tk, ¥
pTarget Skl i by i S AE B 4 Al RK 2 B3 R A
AR, [ 2 Pt bR ic S R
Y RK2 Bk 2 ] B Uk 22 5, il iR
JE T e A L A 4 ] S BRSSO P e B T B3 o

X —EGE T, BATEI T BRSNS F—4
FLR GRS AT, 4d PIRTSERE 2 53 R 20 di 1
Y, FEDH G B R s 100%. BARIZ T WL ok
Bl 2 4, (HUERENR G T A E O TR
EREEE . AN, pTW-A/S BURITE RSB H [FT
RFFEASNAT ORISR, T Jdang 21 Zhao
251 1R Fe Y CRISPR 7 12 T LA 3 pTarget 52
EEBRIE AT T T — A TAE, R T
HEEEEAROR, X HORLRMG,  BARAE TR
AP, AR E T I RE B A A ] —
KIFRL L, 15 A EERCR ARG, DR e SEPrREAE
Sk TS B S I AR, T B R R
Hitt, SHABMGERISHLL, %k E R 22
JEE NS JE A 8 22 5 T8 AT B KA (3% 3).
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B8 FIF pTW R 4d LI CRISPR AR ESE FBRmETRERE
Figure8 Methodsfor CRISPR continuoustwo-round genome editing using plasmid pTW within 4 days

%3 7 [ CRISPR/Cas9 R4 /5x00 LLER
Table3 Comparison of different CRISPR/Cas9 system methods

Methods Strategy description Plasmids i ecost (d)  efficiency (%) assembly dlimination
This i PR M RE A1 RK 2 5 2 2-3 100 N A EEEET
SUAY g TW-A/S, SR TR e AT IHR)
G EAE AT
jﬁr}]g e pCas Jfkis pTarget R/ 2 4 Around 100 N e T
Zheo et A5 T RERLERAL A [F]— ki 1 3 13.8£7.9 (41 bp 2 T
a™ 2 55)
100 ([ P57 K
“F 300 bp)
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FRATHI X — W, X S50 28 fa ik BPOL #H1 7Pl i
LA AT T BPO3, (3R L AT B KIREETt
ZE Bk, WATES T —MHiims. 2.
TRE R CRISPR/Cas9 /iAKW a5 R 4H 1% 2 4
RO, dRa 7SRRI, SR R R G
BRI T AL BRI T4 S TR
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