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Comparison of CRISPR-Cpfl with Cre/loxP for gene knockout in
Corynebacterium glutamicum

ZHAN Mi-Lin KAN Bao-Jun ZHANG Hui
HAN Rui-Zhi NIYe'

DONG Jin-Jun XU Guo-Chao

The Key Laboratory of Industrial Biotechnology, Ministry of Education, School of Biotechnology, Jiangnan
University, Wuxi, Jiangsu 214122, China

Abstract: [Background] Corynebacterium glutamicum is an important industrial platform strain. Efficient
and convenient genetic manipulation tools is in urgent need for improving C. glutamicum strains in
commercial applications. [Objective] Gene argR and argF of C. glutamicum ATCC 13032 was deleted by
CRISPR-Cpfl-assisted-homologous  recombination and Cre/loxP-assisted-homologous recombination
knockout system respectively. To provide guidance for reasonable selection of gene knockout systems, the
advantages and disadvantages of these two methods are investigated in detail. [Methods] Firstly,
Cre/loxP-assisted-homologous recombination replaced the targeted gene in genome with kan” fragment
containing loxP sites at 5’ and 3’ ends. Then recombinase Cre expressed by pDTW109 recognized and
bound on the loxP sites, and catalyzed the homologous recombination between two loxP sites to remove
the kan" fragment. Eventually, the pPDTW109 was eliminated by elevating the temperature to 37 °C based
on its temperature-sensitive characteristic. In the knockout of targeted gene by CRISPR-Cpfl-assisted
genome editing, the pre-crRNA was processed by Cpfl and the resultant crRNA guided Cpfl to bind to the
specific sequence and cleave the target DNA. The targeted gene was removed by homologous
recombination. The recombinant plasmid was also eliminated by elevating the cultivation temperature.
[Results] In the genes knockout of C. glutamicum, Cre/loxP-assisted system allowed a complete N rounds
of iterative gene knockout in 8N+2 d, while CRISPR-Cpfl-assisted system only need S5N+2 d.
Theoretically, the latter could achieve the simultaneous knockout of multiple genes, however suffers from
disadvantage of low homologous recombination efficiency and high false-positive rates. [Conclusion] In
comparison with Cre/loxP system, CRISPR-Cpfl assisted genome editing is time-saving and labor-saving
in gene knockout of C. glutamicum, and theoretically it can be employed in knockout of multiple genes at
a time. Consequently, CRISPR-Cpfl-assisted system has higher overall efficiency. However, its editing
efficiency still has great potentials for improvement.

Keywords: Corynebacterium glutamicum, CRISPR-Cpfl, Cre/loxP, Homologous recombination, Gene
knockout

B RPN R R —FhlE oty . 322 CFH
PERRR ), Vo — R BB AR R T T
W & A = AR A LRSS, W LA . L-
BEBEE . LR . L4 L, B
i, LSS BRI SR AT ARG A 7 R ek R
(A A TREIRAT IR, R R TR AR W BEMLME S AZ AR
A ARE PE), T R 7 0k A B 0 B b A2
TR, HACHA ) A B e LS BORS Zm AL s fn e
UribA e B A AR BRI ATCC 13032 JeAH
SN A SE LI T, BT AR AT AR

TR BCE A WA 1 SR X A R AR T i
A mekd, (EHEA B S A 2R,

AT, A2 BRERIRAT TR b 0y 2 R R PR A B &R
SiAkE AR Hh R R e T W E
20 % BEREEOE L sacB W R AT AR T, (A% &
GAE S AN, ST b T2 2. 5
KRR TS AT sacB LR TR a4 40
I, S YIS AT T A R R AT R A e a8 ]
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F [ 05 T 4 S 2R 45 . Cre/loxP iR R O 5
PR K [ 08 20 S B 1) R DR P B, o S AR [ U
24 i DR 2 S ) e DR R A R it AT E A
P loxP 1 kan®™ 7Bt , 55— pDTW109 61k
(R L Cre IR AN TIN5, LoxP (75 K A 41
JORit B R L A kan® B, FEAIA
pDTW109 JRECRHESCEE A FRIHER, RATEEEA
JE DR R BR L R Ak R I A R A A ] 2 g R R
CRISPR-Cas! " sl , FEiTiR3E T3 F 4
LB PE 221 (Francisella novicida) Cpfl B4 2R
BRARFT B L DR 26 G )7 i CRISPR-Cpf1!"™) ) 1% &R %8
F %1 FnCpfl . CRISPR RNA Fl[aIJEEF4 AL, 1645
SPERIFES BB DNA, SR 58 5 ) J5 2 2H 2 %
B LN, TR A SR TR R R o B B A
1, IR RS LR SR AR . AR LS SRtk
FFEE ATCC 13032 119 argR F1 argF WiA~ 3R U
K ), HeAFSE T CRISPR-Cpfl #1 Cre/loxP Fifh
FEDI R R RGEPLER AL, TR CRISPR-Cpf1 4 AR
1T TEE,

1 ZRSCLG P AR AN R AL

Table 1 Strains and plasmids used in this study

1 RS
1.1 E#RFRN

SIS P FH BRI ORL LR 1.
1.2 HEFREH

LB #5775k (g/L): A A 10.0, S 1LHA 10.0,
Pt H 5.0,

KIGFFREESRIREN 37 °C, $ IR 120 r/min,
PUAERBIRE: SER 34 pgmL, AFXNEHR
100 pug/mL, FALEEZR 50 pg/mL,

BHI 35575 (g/L): TREE IR 10.0, S&fkdh 5.0,
kiR 18.5, BELRERY 5.0, pH 7.2,

BB SR R EPO Bigidk(g/L):. HA
fig 30.0, BREEFR 10.0, BERERY 5.0, &AkEh 5.0,
ik O 18.5, i 80 1.0, SR 0.4,

AR ISR AN LB-HIS i 5(g/L): R
MR 10.0, JiCFRIR 18.5, BERRRY 5.0, SUfkéh 5.0,
D-1LIZ4E 92.0,

B APRPRIRFF R B FRIRE h 30 °C, FRIRFGH
120 r/min, HiARBRMUSE : HEHEE 10 pg/mL, F

BEIRATORL FHIE B/
Strains and plasmids Characteristic Source
Strains
E. coli IM109 E. coli cloning strain TaKaRa
C. glutamicum ATCC 13032 C. glutamicum model strain ATCC

JMLO1 C. glutamicum ATCC 13032AargR This work
JMLO02 C. glutamicum ATCC 13032AargF This work
JMLO03 C. glutamicum ATCC 13032AargR This work
JMLO04 C. glutamicum ATCC 13032AargF This work
Plasmids
pIYS3 AcrtYf Kanamycin resistance (kan"), shuttle vector [15]
pJYS3 AargR kan®, shuttle vector This work
pJYS3 AargF kan®, shuttle vector This work
pBlueScript I SK Cloning vector, ColE1, lacZ, Ampicillin resistance [17]
pDTW202 pBlueScript harboring a kan® gene flanking with loxPLE/loxPRE sites [17]
pDTW109 pDTW109 harboring a cre gene, Chloramphenicol resistance [17]
pDTW203 pBlueScript harboring argR gene flanking regions and loxPLE/PRE-kan" This work
pDTW204 pBlueScript harboring argF gene flanking regions and loxPLE/PRE-kan" This work

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



d KRS BB FEEIRATIE CRISPR-Cpfl 1 Cre/loxP DR mH AR RY L8 281

HRFEE R 30 pg/mL,

T RC I AR SR 2, W) B FR B A
18.0 g/L IBEASHS . BT R FRIET 1x10° Pa KA
20 min,

1.3 EERFIFLEE

IPTG. A FHEHE. FIER. SEZX. 3k
WEEEE IRt & . Bk N RO & . AP Ik
(K20 DNA P42 U7 & . DNA Marker, [
B A TARAT FRS ] 5 BRAIE P VIR . Dpn 1, Primer
STAR DNA &1 .2xTag PCR Master Mix, TaKaRa
FAY TH(CKIE TaKaRa)FABR A A 5 JREE K. B
BE#y . B0, OXOID 2wl 51Wra mFni v
MR 55 R R ML R AE PR I AT R A FIER (. W%
1¢, Bio-Rad AF].

1.4 7%
1.4.1 Cre/loxP REGeay R RAIAIMDIE
DL R A S IR AR ATCC 13032 SRR 4

f1 origin

Hind 111
BamH 1

Amp

pBlueScript 11 SK
2961 bp

C. glutamicum genome

B argR M 15], Cre/loxP &40l 5% UL ) #e) 2t A5 B
WF . ERUAEARBERIFE ATCC 13032 JEH
el o B, 43 B DL argR-U-F/argR-U-R  Fl
argR-D-F/argR-D-R Ry 5|4 5155 argR 1 I .
TR B, Hodr e BRI B 5 AR v A
U ER R B 3K B 433 5 | Hind 1111 BamH
LRI AT A . SR )5 DL pDTW202 JiUkE A A,
VL argR-K-F/argR-K-R 54, ¥ Y& W s 5 41 loxP
DL kan® B, EiLAlA PCR ik 3 4N H
B @ gc @l 4, A A pBlueScript 11 SK 4 if
Hind 1II/BamH 1 [} J5 BI AT ARG AMEAL B, SR
JE R Gibson ol B S &R IR
H4, JFEC 5 pL EEEGE ke A R R
E. coli IM109 JE&SZ ML, FFHAS RV 5 #E4 T
P& PCR A1 PRI 3 36 0F , A B0 31 1 A 7 47
ki 454 pDTW203, HARGREWE 1 s . H
a2,

f1 origin

loxPLE

pDTW202

4112bp kan

Amp

. loxPRE
PBR322 origin BR322 oviein
— argR Larm — — argR Rarm —
Digestion with Hind III Fusion PCR ‘
and BamH |
Ligation
4
f1 origin
Amp argR Larm
pDTW203 loxPLE
6262 bp
PBR322 origin kan

1 BEBRFRAL pDTW203 R
Figure 1 Construction of knockout plasmid pDTW203

loxPRE

argR Rarm
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%z 2 CrelloxP R EEEFRFTABSIH

Table 2 Primers used in Cre/loxP gene knockout system

5|4 Primers 5|45 Primers sequence (5'—3")
argR-U-F GTCGACGGTATCGATAAGCTTAGGACTCAAACTTATGACTTCACAACCA
argR-U-R CGCCCTATAGTGAGTCGTATTGGGATTTAAGTTTTCCGGTGTTGACG
argR-K-F CGTCAACACCGGAAAACTTAAATCCCAATACGACTCACTATAGGGCG
argR-K-R TGCCTGCATTAACAAGCGATTAACGCGCAATTAACCCTCACTAAAG
argR-D-F CTTTAGTGAGGGTTAATTGCGCGTTAATCGCTTGTTAATGCAGGCA
argR-D-R CGCTCTAGAACTAGTGGATCCCAAAGCCTCGTGAGCCTTAATC
argR-F GTGACTCGCACTGCACGC
argR-R TTAAGTGGTGCGCCCGCT
A-F CTATTGCCGAGACAATCGCATA
A-R CGCTCGATGGTGACATCTTC
argF-U-F GTCGACGGTATCGATAAGCTTTGCACGCTTGACTGGTCGT
argF-U-R GCCCTATAGTGAGTCGTATTAAGTTTGAGTCCTTTATGCGATTG
argF-K-F AATACGACTCACTATAGGGCGAATT
argF-K-R CTGGGTGATATCGCGCAATTAACCCTCACTAAAGG
argF-D-F AATTGCGCGATATCACCCAGGCCACCTTG
argF-D-R CGCTCTAGAACTAGTGGATCCAGCCGACCTCGAAACGAACC

T TR RBRBPERFUI AT

Note: The underlined sequences are the restriction enzymes sites.
1.4.2 CRISPR-Cpfl RERiFRRAIRME
PLREBR A IR IR AT I ATCC 13032 [ 4]
(%) argR J91, CRISPR-Cpfl Z& 55 fl I 5k 1 g
HIRUNT . H5ELL pIYS3 AcrtYf JBokRL A, LI
crtYf-F-1/crtYf-R-1 51t T e S84, ek
KL PCR 5 crtYf FEN ) crRNA F41(5-GAATTTCT
ACTGTTGTAGATCAGGCAACCATAGGGCAGGA
A-3)EHN argR FE Y crRNA JF41(5'-GAATTTC
TACTGTTGTAGATTACAGATCATTCCGGCAACA
TCGC-3")A I argF 1] crRNA J#41(5'-GAATTTCTA
CTGTTGTAGATGTCCCTCGAGTGGACGCTCCG-
3", RJ5H Dpn 1 BRI N UTEGE ALBEAS Bk . HL
3 pL JHALJE 9 PCR =i i fb 2= e A i Ak 3 E.
coli IM109 Bz 840, e A ¥ 17 PCR
e P g e, 15 2Bk pJYS3_AcrtYf-1. FELL
pIYS3_AcrtYf-1 WA, LA crRNA_argR-F/crRNA _
argR-R -N514), it PCR ¥ 15 8RR 2 cre¥f 2
FRWEREEN A R B, FURE BRI
ATCC 13032 BRA AR , 5351 LL argR-F-FlargR-F-R
Fl argR-R-FlargR-R-R K514 14 argR 19 LIEFIR

WERIE A BE, IRk A RBE. argR WY LUEFN T Ui mIUE
B T B S pL S ERIAEL R E. coli IM109
AN, FEHRK VRS, UL argR-F-FlargR-F-R
NEI I TR TS PCR AL 36 0F , Horp 36 1
TR BORL i 4% 4 pTYS3_ AargR., HAKKG AL
wmE 2 s Hrhs1yiit ik 3,
1.4.3 Cre/loxP RERiE 5%
PAREBRAS S BRPRIRAT B ATCC 13032 411
argR Fl, Cre/loxP ZR4E bR TR F4 A5 SR AN 5]
3 e ECHRBRTUR. pDTW203 HiHE AAT 2R
BRRFFIE ATCC 13032 AYIECZ A 4N A7 3L 4T
H, RS ALAE AT AR RRR ) argR FEDR B
BN PN A LoxP LS kan® FBE, IRASHERR
BRBVERITEE ATCC 13032AargR::kan”. $KJ5¥%
Cre FAMFFILEAL pDTW109 HL AL F 2825k 1Y
JESZ ISR, WA T R IR B R
We, 7E Cre TAMGHIVET T, kan™ B WHHY loxP
MRS & AR, K kan® i BEBR, R
F—A~ 34 bp ZEA /N BE loxPLR, Bkt Ak it
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pBLI* pBLI*
pSCI01 pSCI01
crtY-HR2 pJYS3_AcrtYf PCR _ crYfHR2 pJYS3_AcrtYf-1
11 982 bp kan 11985 bp kan
crtYf-HR1 crtYf-HR1
crtYf-crRNA argR-crRNA

FnCpfl
FnCpf1 lPCR B!

pBLI*
C. glutamicum genome pSC101

ANZANNZANS

kan

l [ argR-crRNA

— orgRHRI — —F ]

| Ligation

argR-HR?2 pJYS3_AargR
argR-HRI 11935 bp kan

argR-crRNA

FnCpfl

2 BEBRFRKL pJYS3 AargR HOIiE
Figure 2 Construction of knockout plasmid pJYS3_AargR

# 3 CRISPR-Cpfl ARG EERIFRFTARIS|4)
Table 3 Primers used in CRISPR-Cpf1 gene knockout system

5|4 Primers 5|47 %1 Primers sequence (5'—3")
crtYf-F-1 CATTATACCTAGGACTGAGCTAGCTGTCAATCTAGCCTATCCAGCAGTCTTCCTGTC
crtYf-R-1 CTAACAAACAAAAGTAGAACAACTGTTCACCGGGCCCGTGGGTGGCTAGGCAAGTTAC
crRNA _argR-R CGTCAACACCGGAAAACTTAAATCCCAATACGACTCACTATAGGGCG
crRNA_argR-F TGCCTGCATTAACAAGCGATTAACGCGCAATTAACCCTCACTAAAG
argR-F-R GGGATTTAAGTTTTCCGGTGT
argR-F-F CTAACAAACAAAAGTAGAACAACTGTTCACCGGGCCGGACTCAAACTTATGACTTCACAACC
argR-R-F TCAACCCCGTCAACACCGGAAAACTTAAATCCCAGCGCCCCTAGTTCAAGGCTT
argR-R-R CATTATACCTAGGACTGAGCTAGCTGTCAATCTAGCAAAGCCTCGTGAGCCTTAATC
crtYf-F-2 GTTGTAGATGTCCCTCGAGTGGACGCTCCGATTTAAATAAAACGAAAGGCTCAGTCGAAAGA
crtYf-R-2 CCACTCGAGG GACATCTACAACAGTAGAAATTCGGATCCATTA
crRNA_argF-R GGCCCGGTGAACAGTTGTT
crRNA argF-F CTAGATTGACAGCTAGCTCAGTCCTAG
argF-F-F GGCCTGGGTGATATCAAGTTTGAGTCCTTTATGCGATTG
argF-F-R TGAGCTAGCTGTCAATCTAGTGCACGCTTGACTGGTCGT
argF-R-F GAACAACTGTTCACCGGGCCAGCCGACCTCGAAACGAACC
argF-R-R AACTTGATATCACCCAGGCCACCTTG
F-F GTTTGGATCGGTGTCCATGA
F-R ACGAGGCTGCTTTCAAGAT
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f1 origin

Amp

pDTW203

argR Larm

loxPLE

6262 bp

PBR322 origin

kan

argR Rarm

Day 1

8:00-16:00

Liquid culture of colonies
16:00-18:00
Transformation/recovery/plating

v
loxPLE

Day 4

8:00-10:00

Genotyping by colony PCR
10:00—

Liquid culture of colonies

Day 5

8:00-16:00

Liquid culture of colonies
16:00—18:00
Transformation/recovery/plating

Day 8

16:00-20:00

Genotyping by colony PCR
20:00—

Liquid culture of colonies

loxPLRE

Day 8N+2
Final strain

3 Cre/loxP HEH A TR R EERPRARIZE

pDTW203

lox}{RE ><

rep(TS)

New round
xN rounds

pDTW109
6 069 bp

cre
cat

L
/
Plating & culture for 36 h

Recombinant strain

Figure 3 Flow chart of Cre/loxP assisted gene knockout in C. glutamicum

1TH7% PCR K E . 1T pDTW109 JFoki & il 7 ik
B, 16 37 °C &M FREFREDAT BRIk . AT
WA PR AR IR, 5 I T S TE Hopi i,
PCR Bk 1ER R 3564385 30 pg/mL R
BREEZ A LB-HIS “FE-A4 . 10 pg/mL 4475 % i LB-HIS
PRI LB-HIS Pk |, HrPEETE LB-HIS 4k E
A, BT -RIAIRES 22 PN 2 R U A BT R ]
B S ) R TR o

1.4.4 CRISPR-Cpfl &GiRifRT5%

DL BR AT S B RAT B ATCC 13032 JERI 4111
argR J15l, CRISPR-Cpfl Z 4t rili 5 b ik A A4 A0 B
i 4 Fos o B e IR BURL pIY'S3_AargR HAFEA
BAEFRVEIRFFIE ATCC 13032 FBGZ 2520 M EA T35
FFTHE, SRJF Cpfl XF crRNA FEATHNT., R
crRNA 5|5 Cpfl 454 3 DNA 47 507 5 E D)
DNA, 7ERIANEARAIER T, 8 W5 50
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pBLI*
pSCI01

argR-HR2 pJYS3_AargR

argR-HR]
argR-crRNA

FnCpfl

(— FnCpfl

Day 1 pJYS3 AargR
18:00—-16:00
Liquid culture of colonies
16:00—18:00

Transformation/recovery/plating

crRNA

A

HR2
X
HR2
i

PAM
JL New round
xN rounds
Day 5 FnCpf1
16:00-20:00
Genotyping by colony PCR
220:00 /C % pJYS3_ AargR

Liquid culture of colonies

\L? HR2

— WHRITN  HR2
l Plating & culture for 36 h

e I —

Day SN+2
Final strain

4 CRISPR-Cpfl HEIH A BRI EEERENRIZE
Figure 4 Flow chart of CRISPR-Cpfl assisted gene knockout in C. glutamicum

Recombinant strain

B argR (I, TTA PCR MM IERIROZE WA T ARt RIAOHTE R MR IE, Bz K
Ak SRIFFIRBORL pIYS3_AargR FISHOURGES  IRACKIOHBTERT  RICH A SET FHE.

PE. 34 °C JAF FRIREVDRBERIRLFER . 9T 5 e s age

RIS KR E P, BT B HTE, 23 BIK

WIRFEARIDIEGLE , ETAEABEE, 05 | oxe B R

AL TS5 A 30 ng/mL R HIREE R 1Y LB-HIS %
ST 1.4.1, SRILA AR
B LB-HIS VA b, Hrpgfe LB-HIS “FAk 2k ST 141, AR LLA SRR

1, ARG R T2 2 S ) TR AR B R o LS A TR R
145 HMEZAR

A G4 TR DRATF 1 R 25 A L 1% i) 2 R P HL
I ES ) B 1-2 pg FTHEFRL S 100 uL sz 25
MERERIRST, AR, Eahid 2 it
SR 2.5 kV/iem L 5.9 ms, 25 mF %, 2 mm
MR SR 5 B TSR T | 100 t/min $557 3 h,

ATCC 13032 F:[HZH . pDTW202 ik ks, i
PCR #"34H argR FEH I [RE F B A St 5 A
loxP {331 kan® i Be, FEAIF@E PCR HiA K
Hi R B, e 54tk 244 pBlueScript 11 SK i
1,15 2R Bk pDTW203 L) argR-U-F/argR-D-R
J5 1%t A R UE T PCR B63E, W& 5D IR,

A B3 377 bp)EL &I+ 51 314 pBlueScript
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I SK |, ULHIREREURL pDTW203 FE I B B IE B B AT 2 A AR BRARAT I ATCC
2.2 Cre/loxP REFIFRERAVIDE 13032AargR::kan” . HIFEFAERRINIESZ B AN, JF

B I Y 1.4.3, % pDTW203 FUkiHi s 4% kan® BHBRBUR. pDTW109 HifE A HLERAZ 40
ES AR E ATCC 13032 BZA&41E W, WiV PCR BESSRANE 6 Fion. Rt
W, Wl FYE PCR BRFRAME ERE, Hp k4l REEEETR pDTW109 £5%, BiEhirEICiR s i
b argR LR WO N WIS A loxP A S kan®  BRATZ A IMLO1 .

Akb M 1 2 3 4 5 6 7 Bkb M 1 2 Ckb M 1 2 Dkb

5.0
3.0

et
S

5 [RAL pDTW203 ZRBEHE LA FE K0 IE

Figure 5 Construction and verification of plasmid pDTW203

: M: Marker. A: PCR P84 argR FERAY B3 FUERTEA B kan®™ &5 12 argR B EIEFTEA B 3-5: kan &5 6-7:
argR FERBY T IR A B B: argR FERBY L7 . FHERIE R BERI kan® S008I PCR; 1-2: B4 A B C: pBlueScript IT SK i BamH
UHind T ff§Y); 1-2. ¥4k pBlueScript IT SK. D: #{L T-AYIET PCR 10IE; 1-2: @A EL

Note: M: Marker. A: Amplification of upstream and downstream homologous fragments of argR gene and kan" cassette by PCR; 1-2:
Upstream homology arms of argR gene; 3-5: kan® cassette; 6-7: Downstream homologous arms of argR gene. B: Fusion PCR of upstream
and downstream homology arms and kan”" box of argR gene; 1-2: Fusion fragment. C: Digestion of pBlueScript I SK with BamH I and Hind
II; 1-2: Linearized pBlueScript II SK. D: Validation of transformants by colony PCR; 1-2: Fusion fragment.

A B

kb M1 2 3 4 kb M1234CkbM1234
.0
.0
0.5

6 JMLO1 V&% PCR 33
Figure 6 Verification of JMLO1 by colony PCR
¥: M: Marker. A: SEFERIFE ATCC 13032AargR::kan® T PCR IAE; 1-2: DL A-F/A-R J5 WA ARRESRATE ATCC 13032
KB PCR; 3—4: DL A-F/A-R N5 A ERREEIRATE ATCC 13032AargR::kan” Y74 PCR. B: IMLOI E#RAVET PCR BilE; 1-2:
P A-F/A-R J5 | AR EIRPRIRFF I ATCC 13032 (1% PCR; 3-4: LI A-F/A-R 5|4 IMLO1 (1% PCR. C: IMLO1 EE#EIYIE74 PCR
BE; 1-2: LA argR-FlargR-R NBIWIAABRFEIRATE ATCC 13032 fURY% PCR; 3-4: LA argR-FlargR-R “N51%) IMLO1 HYH74 PCR.
Note: M: Marker. A: Verification of C. glutamicum ATCC 13032AargR::kan” by colony PCR; 1-2: Colony PCR product of C. glutamicum
ATCC 13032 with primers A-F/A-R; 3—4: Colony PCR product of C. glutamicum ATCC 13032AargR::kan® with primers A-F/A-R. B:
Verification of JMLO1 by colony PCR; 1-2: Colony PCR product of C. glutamicum ATCC 13032 with primers A-F/A-R; 3-4: Colony PCR
product of JMLO1 with primers A-F/A-R. C: Verification of JMLO1 by colony PCR; 1-2: Colony PCR product of C. glutamicum ATCC
13032 with primers argR-F/argR-R; 3—4: Colony PCR product of JIMLO1 with primers argR-F/argR-R.

[N RN
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PL A-F/A-R 5 1WA 7T PCR 4k, HH[El
6A HKiE 1-2 J2 AT 2 FRERRFT B ATCC 13032 S5
M, VkiE 34 & A AR %R A ATCC
13032AargR::kan” FIFER L Mt , FTLAK IR kan® £
ERHE LN argR &R, SRIGLL A-F/A-R
51 TRITE PCR Sl Horp ] 6B HhikiE 1-2 2
BERBEPRATE ATCC 13032 itk itk Tkl 3-4
& IMLO1 Btk AR, F-LL argR-FlargR-R N5
HATIRITE PCR Bk, Horb&l 6C Hhikil 1-2 2HA %
FRPRIRFF R ATCC 13032 BMCNERNR, Vil 3-4 J2H
IMLO1 Bk AR, FTAK R kan® LR RS i8R .
PRBCA T S g AR R L E = hik, H
A YT LATEICHT LB-HIS AR A= K(& 7A),
MERARE R (& 7By A ZE LB-HIS “Fl(&l
TOAREAE KRR H @R, DRSS RER, B
FAEE T FEBREAVE IMLOT . [RIBE, 5 HE FIRR i
T argF WIBIARTERE IMLO2, IMANATERGA .,

TEFVEE L Cre/loxP RGEHH, mibREkR &
pBlueScript I SK #J#E M2k, HH pBlueScript II SK
TE E. coli HZ IR, Bbi K/NHA 2961 bp 42
i, PR A H sk B ok, A3 R A
HHMMIT. HE 6 FIEN, WEA IMLOL Hix
PCR 455 TCiR., pDTW109 & Cre B4 ek
IR, FLAT U il T AZE R AT IR A
SRRPERAT IR TP 22, I FEE bR BOR AN [H] 1)
PUHEARIC A B R, XA R F TR AL
S ROy VAR TR E R N e =18 9 N R () 5ig A

7 JMLO1 E#REVHUIEIEIE
Figure 7 Antibiotic verification of JMLO1 strain

pDTW109 Z4M, W& 7 W41, ASkis B
RIRERIUIEG/16), FERIUECHANR. Hit
ATLAE H pDTW109 7] LStk Cre EALNG, Jf
B2l BATESL N A F A kan™ B, TR I Ak A
pDTW109 455l #e i i B i Lk . &
2, MIESEIGETT, 5 1 pg BBRBUR- S A RBZ S
AR, KBB4 100 4. 25 kan® FrBE
THBRE, BEMLEKEC 40 NM454LT, L A-F/A-R h5]
Y12:3d PCR KAIEA 25%A95E4L T2 argR ISR
FIER(E 8A). TERER argF HIIFER K HAYEE(L
T2 150 4, FEHLPRER 40 NE4LT, DL F-F/F-R
51¥25 PCR BAIEA 33%HEEAL T2 argF I
PRIV TRE(E 8B). AT, FCFEMIAHXTRA, Ml
Fr— AT 10 d.
2.3 CRISPR-Cpfl RGmsiFRBRAI I
BRI 142, BHELL pIYS3 AcrtYf i
WUEFTRE S ZAE, Wl ad 4 FokE PCROBE creYf SR (1)
crRNA B4 h argR MY crRNA, I ALE E. coli
IM109 2% 32 25 41 i v, 24 50 F J5 15 2] i R
pIYS3_AcrtYf-1. FELABURL pIYS3_AcrtYf-1 Jfsiti
it PCR § 38752 H B A, R A IR PEIRAT
ATCC 13032 FEH A WY G ) argR BB ETF
WlR IR B, 183d Gibson a5 3 AN H BEUEATAH %S,
AL R E. coli IM109 &2 5400, #ic)m LA
argR-F-F/argR-F-R A5 Y1 TIE7E PCR Kkl
FFIIE, WK 9E FiR, 3 AN BRE GiihiZEdE, i
BH RBR JBORE pIY'S3._ AargR FEESIN

f: A: LB-HIS; B: #5ili RIBEEE M LB-HIS; C: #4#& & LB-HIS.
Note: A: LB-HIS; B: LB-HIS with kanamycin; C: LB-HIS with chloramphenicol.
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8 IBid Cre/loxP B R %i#1 CRISPR-Cpfl AR RSE3R 1S A4 1L FHY PCR IIE

Figure 8 PCR validation of colonies obtained by Cre/loxP assisted system and CRISPR-Cpf1 assisted system

. A: Cre/loxP RELFHRE argR PFRAGHIHEILT; B: Cre/loxP RELRISE argF $RAFRYH51LT; C: CRISPR-Cpfl REAHIFR argR #A5HY
5:4LF; D: CRISPR-Cpfl REFS argF HAFMIEEAL T argR M argF B4R (BT AL FAESNS MRS - = fMIEARIC.

Note: A: Transformants for the deletion of argR by Cre/loxP assisted system; B: Transformants for the deletion of argF by Cre/loxP
assisted system; C: Transformants for the deletion of argR by CRISPR-Cpfl assisted system; D: Transformants for the deletion of argF by
CRISPR-Cpfl assisted system. The editing-positive transformants for the deletion of argR and argF were marked with triangles in
agarose gel.

A
kb

10.0

—
—
———
—
—
——
—-
——

B9 [RAL pJYS3_AargR TrARHEEER ELIKIGIE

Figure 9 Construction and verification of plasmid pJYS3_AargR

#: M: Marker. A: pJYS3 AcrtYf £J5iki PCR; 1-3: pJYS3 AcrtYf1. B: 5L FRYRTE PCR IGIE; 1-2: pIYS3 AcrtYf-l BA G
MRBL C: Bt ABYHE; 12 FE A D: BALTRYEY PCRIIE; 1-2: argR BB FIFRIIRA B 3-4: argR ZERIAY T¢I
BB E: AL TRYE PCRIGIE; 1.  FifFRIE A BL(1 020 bp).

Note: M: Marker. A: Full-plasmid of pJYS3 AcrtYf PCR; 1-3: pJYS3_ AcrtYf-1. B: Validation of transformants by colony PCR; 1-2:
Fragments of the pJYS3_AcrtYf-1 mutation. C: Amplification of fragment A; 1-2: Fragment A. D: Validation of transformants by colony
PCR; 1-2: Upstream homology arm of argR; 3—4: Downstream homologous arm of the argR. E: Validation of transformants by Colony PCR;
1: Upstream homology fragment (1 020 bp).

2.4 CRISPR-Cpfl REGEIREIRHIME

2% S0 )7 B 144, Gkl B AL B
pIYS3 AargR i % 5 kE 5% A4 & BR B R AT 1A
ATCC 13032 [FRZ M A T 2L R ATHE, 7EAE
A A0 T 38 A R R 4 Sy S BRI R argR
(bR . PRHBFEILF U7 TS PCR BIE, 45540
K110 FF7 o LA A-F/A-R 51 Wi AT #% PCR Bk,
HorpkiE 1-2 2 AR AR ERIRAF I ATCC 13032 1§
RN, VKiB 3-6 J&FH IMLO3 Bk MAsAR . Jf

L argR-FlargR-R R AT R PCR JGE, JkiE
7-8 EHBERVEIRFT I ATCC 13032 Bk A
M, JKiE 9-12 /2 IMLO3 BEFE MASH, 358 /R At
BRACE) o FRERIBCE-A b5 P I B LRI = T
PE, BB 11 AT LUK A H8 4 PR R AAE C bt
LB-HIS “FARA K, X RABEE RPutk o, X
YRR argR BRI RRR , 44 IMLO3, [R]3E,
PR FERE R T A T argF WORR T FK TMLO4,
AL ARFEFIR
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kb M 1

2 3 4 5 6 7 8 9

10 11 12

o ==
wn cuoo

10 JMLO3 FE#KEYE S PCR JIE

Figure 10 Verification of JMLO3 strain by colony PCR

7 M: Marker; 1-2: UL A-F/A-R A5 1P ERESIRFFE ATCC
13032 [T 74 PCR;3-6: L A-F/A-R 7514 IMLO3 [T# 7% PCR;
7-8: LA argR-FlargR-R N5 | B RAFH ATCC 13032 1
7% PCR; 9-12: L) argR-F/argR-R }5 |4 IMLO3 (7% PCR.
Note: M: Marker; 1-2: Colony PCR product of C. glutamicum
ATCC 13032 with primers A-F/A-R; 3-6: Colony PCR product of
JMLO3 with primers A-F/A-R; 7-8: Colony PCR product of C.

glutamicum ATCC 13032 with primers argR-F/argR-R; 9-12:
Colony PCR product of JMLO3 with primers argR-F/argR-R.

B 11 JMLO2 E#kAIIA MLIE

Figure 11  Antibiotic verification of JMLO2 strain
TE: A: LB-HIS; B: #47 RHBE: 21 LB-HIS.

Note: A: LB-HIS; B: LB-HIS with kanamycin.

18% AT argF AR I AR (K] 8D) X T
CRISPR-Cpfl bR R%:, % 7 d RIA[ 58
AL IR RS, 5 Cre/loxP REH L HA W
B
3 st

A FE ST T4 SRR R R T A TR S
Wi, DI 2R ATCC 13032

£ CRISPR-Cpfl bR RS H, T4 kL
pIYS3_AargR S pIYS3_ AcrtYf Hygmisk, HILA
ZER I 4 PR o R 2 HE FnCpfl | crRNA |
R R PR RN RN S O Bk pIYS3 AargR
KN 10 000 bp, Sk ek X 4 7 f vy, A
48 DUBCE A . K iR Bk e A b s R 3, LA
ORI, A LR IE R AR & argR
L FERIT pIYS3 AargR E SRS T
AFRRICE, B BEZEEA RIS X
(8/16), IXLEAFI K ZHR ™ F AL T % AR R G0
FOR(E 1) BG4 1 g mibRFOR A&
B, 74 300 ANMERT, BEFLEEE 40 4
Ak, UL A-F/A-R 5|40t PCR BrlEA 18%
(AL T2 argR IR RAR (B 8C). FERLRR
argF (R FEd, 29774 300 NMELT, FEHLEEER
40 MNMit4EF-, Db F-F/F-R H5|#1%5t PCR iEA

YEMH R Dbk, SHCT BRI argR F argF,

43 $IF]FH CRISPR-Cpfl Fl Cre/loxP Wi Fh 3 K ke 22
GERL AR T X AR . o, Cre/loxP #ifR
RGN MR A F 2 A Ry, TR 2 AE TPl Ag 2
Pz B R st IR E AR loxP v s 4
Jei , AXAEREILR AL B HR A 34 bp A loxPLR v 15, 24
R EBRET , Cre EAIFIFAFINGR B 1Y loxPLR i
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AP RERIET loxP SLE M —REA, Hik
AT SEIRAT SRR AT DA SR IR i S B . AT REF T
BRI RIREE R WA R, HhurkEim e o
TR K (BT E 3 d, Qi 3 FR), Bk
H-RAREE R BTV E RIS , P25 AR bR
Wtk @Bt B8, argR M argF wlbRBHAYE
RO HEH 25%F1 33%. £5 I, 7E Cre/loxP milR &
295 v Ao 7 A [ U e R AT S DR A e,
BN GHEBCRIR T sacB WA kAN,
B225L SN+2 d AR SERL N ARk RBR, e
HANLT 8 d BRI S8 il —Fe miBis

H1F Cre/loxP RGEFFAE—FI IR MBREA
Al RB X EA A —E isg i, BRI,
ATh 88 T 2 T & 50 v R0R JE IR 1Y R R B R .
CRISPR JE:fc#i It & SR g AR, nl LLSEE
X 2R AL N B AR YL A1 DNA 1956 1) s A
A, IFT 2017 SFEIRTEA ARRPRIRFF AT LA
FAMSL 5 Cre/loxP BB R GiMH L, CRISPR-Cpfl %
G ] LSS R JOIR R, A2 B M AR B iR
BINLA, TRIHZ R R 2R G R R e, a4
FHEARIE 7R CRISPR-Cpfl FilR R G224 Mk
S PRBY—Fh fe R LAY CRISPR % 2452, (U —
YRRV E 2 R AT S8 s AL R A d R . FEIE B, R
ARG SN+2 d WSE N ARk AU DR bR (]
4), It Cre/loxP @ik RGN sacB [ )ik H: AR N
faiBA . Db, BRILZ Ak, CRISPR-Cpfl Mibk R4tk
A —UAERFE2AALS, B HE G, XK
KA Z I W RBRACE . SR REd T Cpfl &
IS orRNA F55p & 2878 S 3B BHPE, ik
CRISPR/Cpf1 filik RGN argR F argF FATERRBR
BT Cre/loxP HiFR 255,

25 FFTiR, CRISPR-Cpfl REAED @IRVEIRITF
TR PR DR B s R, A — K [ 5 i 2 R AT
SEERSL PR ) TOIR R, A A S TR RIBRAI TR R
BNk, CRISPR-Cpfl RGAEFLL AT FEiE—
e, ANRERBORR R . RO R R H 2

I8 I ) 2 BRI R 7 1B T A Sk — R I R T
1fii, 7€ CRISPR-Cpf1 [Fl V5 55 2H bk 22 5t 1) Jm 4t 5%
W, WABERS Cpfl B9FRIA . 2> orRNA & %%
AR DL A TR SR 1 K B S 5 T AT, T I
B RGRCRE R
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