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CRISPR-Cas9-assisting efficient and sequential genome deletions in
Mycobacterium smegmatis
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Abstract: [Background] For its fast growing and non-pathogenic property, Mycobacterium
smegmatis is used as a model strain for pathogenic Mycobacterium tuberculosis and a workhorse to
produce steroid hormones. But it lacks efficient genome deletion system. [Objective] In this study,
we established a high efficiency genome deletion system in M. smegmatis assisted by CRISPR-Cas9.
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CRISPR-Cas9

[Methods] The Cas9 backbone plasmid pCas9101 was constructed with a tetracycline-inducible
codon-optimized cas9 expression operon. Approximate 1 kb flanked homologous arms and proper
gRNA operon were used to construct vectors to study the deletion efficiency on 33-hydroxysteroid
dehydrogenase (MSMEG 5228, 1 071 bp) encoding gene and cholesterol degradation gene cluster
(MSMEG _5990-MSMEG 6043, about 48 kb) in M. smegmatis mc*155. The classical p2NIL-pGOAL
method with same homologous arms was used as the control to delete the two same DNA segments
in M. smegmatis mc*155. Their deletion efficiency were calculated and compared. [Results] When
using CRISPR-Cas9 assisted method, 22% and 18% clones showed the expected deletions in
MSMEG 5228 gene and cholesterol-degrading gene cluster, respectively. Even the sequential
deletion efficiency on both segments can reach 4%. However, no expected deletion mutants were
obtained in our experiments with p2NIL-pGOAL method. [Conclusion] This CRISPR-Cas9 assisted
system can facilitate genome deletion in M. smegmatis mc’155, and provide a fast and efficient

2739

genome manipulation approach for Mycobacterium in the future.

Keywords: CRISPR-Cas9, Mycobacterium smegmatis mc*155, Genome manipulation

I 11 m U
200 [1-21 I III  CRISPR-Cas Cas
[3-4] crRNA DNA
24 h CRISPR-Cas9
1 gRNA DNA
( 3-4h) 1885 [12-13] I  CRISPR-Cas9
Alvarez Tavel 6] DNA
1.7
19 12
[7]
181 Cas9
( ) gRNA DNA
[5]
DNA

p2NIL-pGOAL ¥ DNA

CRISPR-Cas9

DNA

pGOAL (Non-homologous end joining
p2NIL NHEJ) (Homology-directed repair HDR)
DNA 12l
10°%=107° CRISPR-Cas
[9-10] DNA
17201 CRISPR
[10-11] II
CRISPR (Clustered regularly interspaced short CRISPR-Cas9 I
palindromic repeats)-Cas CRISPR-Cas9
[21-25]

DNA

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



2740 A 2 A

Microbiol. China

(Tetracycline-inducible

promoter  Prgs)

261 cas9

CRISPR-Cas9 3pB-
(MSMEG 5228)

(MSMEG _5990-MSMEG 6043)

p2NIL-pGOAL'™

mc?155
CRISPR-Cas9
DNA
1 MRETTE
1.1 #
1.1.1 k. FRAFAS(4)
1
«C )
2
1.1.2 1EFE. EREH
LB (g/L) 10.0 5.0
5.0 LBG
(g/L) 10.0 5.0 5.0
2.0 20.0
mc’155 F (g/L) 0.500
0.500 1.500
0.200 0.005 0.002
10.0 10.0 -80 1.0 5mL
mc?155 Lemco-Tw
(g/L) 5.0 5.0
5.0 10% ( )  -805.0 100 mL
mc’155
(g/L) 1.52 2.44
0.50 0.20 0.05
5.00 20.0
37°C
mc’155 37 °C
30 °C

1.1.3  EERXFIFLEE

50 pg/mL
50 pg/mL 50 pg/mL
30-100 ng/mL (ATC)
20 pg/mL 5- -4- -3- -B-D- (X-gal)
«C )
DNA DNA
«C )

PCR

1.2 AR
1.2.1 CRISPR-Cas9 E2HFfi pCas9101 BUHE
(www.kazusa.or.jp/

codon/) (G+tC mol% 67.26%)
(G+tCmol% 39.16%)
(G+C mol%
72.30%) cas9
( TTA  CTA)
cas9
Bglll  Nhel pEN41A-T10M
Pimye-tetR BamH1  Xbal pBlueScript
IT SK(-) Pipy-tetR pKS-Pimyc-tetR
Pst 1 EcoR 1 pLU101
Pipu-sceM Pst1  EcoR1 pKS-Pimyc-tetR
Ppa-sceM pKS-Pimyc-tetR-
PtipA-sceM teto F teto R
pEN12A-P1 PCR Pyei-tetO
Pst1 Ndel Pyei-tetO
Pst 1 Nde 1
pKS-Pimyc-tetR-PtipA-sceM Piipa
Puyci-tetO pMK101 EcoR 1
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Table 1 Strains and plasmids used in this study
Strains/plasmids Genotype/characteristics Reference/source

M. smegmatis mc*155
E. coli DH5a

pBluescript I SK(-)
plJ773

pEN41A-T10M

pEN12A-P1

pKCcas9d6424
pGOAL19
p2NIL

pLU101
pKS-apra
pKS-Pimyc-tetR
pKS-Pimyc-tetR-PtipA-sceM
pKS-gRNA
pMK101
pMKCas9101
pCas9101
pCas91011
pCas91012
pCas91013

pCas91021

pCas91022

pCas91023

pCas95228

Pcas95990

pCas96017

pTMK 101

pTMK102
pTMK5228

pTMK90-43

ept-1; mc26 mutant efficient for electroporation

F ; deoR; recAl; endAl; gyrA96; thi; relAl; hsdR17(rk ~, mk +); phoA;
supE44; A-; thi-1

bal; colEI ori; MCS

acc(3)1V; colEI ori; oriT

bal; Pipy-tetR

bal; Pye-tetO; ori

acc(3)1V; pSGS; Pipa-cas9; j23119; actll-orf4 gRNA

bal; pPGOAL19 cassette (hyg-lacZ-sacB)

bal; ahpll

bal; tsr; Piips-sceM; @C3lint

bal; acc(3)IV; MCS; colEI ori

bal; colEl ori; MCS; Pjyyc-tetR

bal; colEI ori; MCS; Piyyc-tetR; Pyps-sceM

bal; colEI ori; MCS; j23119; synthetic gRNA

bal; colEl ori; MCS; Piyyc-tetR; Pyyci-tetO-sceM

bal; colEl ori; MCS; Piyyc~tetR; Pryye-tetO-cas9

acc(3)1V; colEI ori; MCS; Pjpyc-tetR; Pye-tetO-cas9

acc(3)1V; colEI ori; MCS; Pipyc-tetR; Ppyc-tetO-cas9; 5228-guide-RNA
acc(3)1V; colEI ori; MCS; Pipyc-tetR; Ppye-tetO-cas9; 5990-guide-RNA
acc(3)1V; colEI ori; MCS; Pipyc-tetR; Py-tetO-cas9; j23119; 6017-guide-RNA
acc(3)1V; colEI ori; MCS; Pipyc-tetR, Pyc-tetO-cas9; j23119;
5228-guide-RNA; homologous region flanking MSMEG_5228 gene

acc(3)1V; colEI ori; MCS; Pipyc-tetR; Pyo-tetO-cas9; j23119;
5990-guide-RNA; homologous region flanking MSMEG 5990-MSMEG 6043
cluster

acc(3)1V; colEI ori; MCS; Pjpyc-tetR; Ppyc-tetO-cas9; j23119;
6017-guide-RNA; homologous region flanking MSMEG 5990-MSMEG_6043
cluster

acc(3)1V; colEI ori; MCS; Pjpyc-tetR; Ppyc-tetO-cas9; j23119;
5228-guide-RNA; homologous region flanking MSMEG 5228 gene;
pGOAL19 cassette (hyg-lacZ-sacB)

acc(3)1V; colEI ori; MCS; Pjpyc-tetR; Ppyc-tetO-cas9; j23119;
5990-guide-RNA; homologous region flanking MSMEG 5990-MSMEG 6043
cluster; pPGOALI19 cassette (hyg-lacZ-sacB)

acc(3)1V; colEI ori; MCS; Pjpyc-tetR; Ppyc-tetO-cas9; j23119;
6017-guide-RNA; homologous region flanking MSMEG 5990-MSMEG 6043
cluster; pPGOALI9 cassette (hyg-lacZ-sacB)

bal; colEl ori; ahpll; homologous region flanking MSMEG 5228 gene

bal; colEI ori; ahpll; homologous region flanking

MSMEG 5990-MSMEG_6043 cluster

bal; colEI ori; ahpll; homologous region flanking MSMEG 5228 gene;
pGOAL19 cassette (hyg-lacZ-sacB)

bal; colEI ori; ahpll; homologous region flanking
MSMEG 5990-MSMEG 6043 cluster; pGOAL19 cassette (hyg-lacZ-sacB)

[27]
Life Technologies
(Carlsbad, USA)

This lab

This lab

Addgene plasmid #
27365
Addgene plasmid #
27366

[22]

(8]

(8]

[28]

This work
This work
This work
This work
This work
This work
This work
This work
This work
This work

This work

This work

This work

This work

This work

This work

This work

This work
This work

This work
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Table 2 Primers used in this study

Primers Sequences (5'—3") Size (bp)
teto F TTTACTGCAGATTGGATCGTCGGCACCGTCA 31
teto R TTTACATATGGCGGATCGTGCTCATTTCGG 30
pks UF CTAGCTAGCGTAATACGACTCACTATAGGGCGA 33
pks DR CTAGCTAGCCTGTCAGACCAAGTTTACTCATATATAC 37
tet UF TGCTCTAGATTAGGAGCCGCTCTCGCAC 28
cas_ DR TGCTCTAGATCAGTCGCCGCCCAGCT 26
SC U F TTTAGAATTCGAGCAGCACCATCTCGACCA 30
SC U R ATCGCAGATGTCGCCCGTG 19
CT UF TTTAAAGCTTGAGCAGCACCATCTCGACCA 30
CT U R TTTAGAATTCATCGCAGATGTCGCCCGTG 29
SC D F CCGCTGCTGGAACCGCTT 18
SC D _F1 CACGGGCGACATCTGCGATCCGCTGCTGGAACCGCTT 37
SC D Rl  ACCCTGTTATCCCTAGGGTTCTGCGAGGACGACA 34
SC D R2 TTTAAAGCTTTTAATTAAAATTCTAGAATTACCCTGTTATCCCTAGGGTTCTG 53
CT D F TTTAGAATTCCCGCTGCTGGAACCGCTT 28
CT D R TTTAAGATCTGGGTTCTGCGAGGACGACA 29
Grna F CCGGAATTCGCAGATCTCAAAAAAAGCAC 29
Grna_ R TGCTCTAGATCGCGCGCG 18
Grna R1 GGACTAGTCCGGATCGAGCACGTCAGCAGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAG 61
3bt F GAAGGCACTGAGGACGACGA 20
3bt R TCGACGTAGTACGGCAGGCA 20
5990 SF TTTAGAATTCTGGTTGGCAGTCCGTGCACA 30
5990 CF TTTAAAGCTTTGGTTGGCAGTCCGTGCACA 30
5990 R GGCTCGATGACCGGGGTG 18
33-43F ATCGACATCCACTCGGCCGA 20
33-43F1 CAGTCCGGCGGTTCCTGTGTATCGACATCCACTCGGCCGA 40
90-43F1 CACCCCGGTCATCGAGCCATCGACATCCACTCGGCCGA 38
6043 SR TTTAAAGCTTTTAATTAAAATTCTAGAATTACCCTGTTATCCCTAGGTTGCTGAGGCGGTGAATGA 66
6043 CR TTTAAGATCTGGTTGCTGAGGCGGTGAATGA 33
6017 gRNA GGACTAGTGCGTCGGATGTGTGCGGTTGGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAG 61
5990 gRNA GGACTAGTGATCCTGTACACCGTGGTGAGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAG 61
Yz UP GAGCACCACATCGAGATCCT 20
Yz D CACACCGACCACGTAGAAGA 20
5228 yzl CGTCGACACGGTGTTCCACA 20
5228 yz2 CCGTCGTTGATGAAGTACGCCT 22
6017 yzl ACGCTCTGGACTTCCTGGATG 21
6017 yz2 CGCCTCGAGATCGGAAACGT 20

Note: The underlined base sequence is a restriction enzyme site.
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Nde 1 pKCcas9d6424 cas9
EcoR1  Ndel pMK101 sceM pKS-gRNA Grna_F
cas9 pMKCas9101 Xba 1 5990 gRNA  Grna F 6017 _gRNA PCR
plI773 MSMEG 5990 MSMEG 6017
pBlueScript 11 SK(-) pKS-apra sgRNA 5990 SF 5990 R 33-43F
pks UF  pks DR pKS-apra 33-43F1 90-43F1 6043 SR PCR MSME
PCR colEl ori-MCS-acc(3)IV G_5990-MSMEG_6043 865 bp
Nhe 1 tet UF cas DR 938 bp pCas95228
pMKCas9101 PCR Pipyc-tetR-Py - sgRNA
cas9 Xbal colEl ori-MCS-acc(3)IV hyg-lacZ-sacB pCas95990
(Nhe 1 ) CRISPR-Cas9 pCas96017 ( 1C D)
pCas9101 ( 1A) 1.2.4 {54 p2NIL RFIELHRRFRAIDE
122 BHESRATE me?155 MSMEG 5228 HE S MSMEG_5228
[ FRKL pCas95228 )& CTUF CTUR CTDF CTDR
pKCcas9d6424 PCR MSMEG 5228
Grma F Grna R PCR j23119 820bp 946 bp
gRNA EcoR1  Hind I Hind III Bgl 11 p2NIL
pBlueScript II SK(-) pKS-gRNA Hind Il BamH 1 pTMKI101 Pac
pKS-gRNA Grna_F I pGOALI19 hyg-lacZ-sacB
Grna R1 PCR MSMEG 5228 Pac 1 pTMKI101  hyg-lacZ-sacB
sgRNA FEcoR1 Spel MSMEG 5228
pCas9101 pCas91011 pTMK5228 ( 2A) MSMEG 5990-MSMEG _
SCUF SCUR SCDF SCDFI SCDRI 6043 5990_CF
SC D R2 mc?155 DNA 5990 R 90-43F1 6043 CR PCR MSMEG _
PCR MSMEG 5228 5990-MSMEG 6043 865 bp
820 bp 946 bp Hind 111 938 bp pTMK 5228
EcoR 1 pCas91011 DNA pTMK90-43
pCas91021 Pacl ~ pGOALI19 hyg-lacz-  ( 2B)
sacB Pacl pCas91021 1.3 FEBREAASASEHFHIFR
hyg-lacZ-sacB pCas91021 1.3.1 CRISPR-Cas9 BfRFRAIRIS NS REHRE

MSMEG 5228 pCas95228 ( 1B)
123 HHIE 9 HAFE mc’155 MSMEG_5990-
MSMEG_6043 £ [ 7% A BR BR i pCas95990 .
pCas96017 FIHEE
MSMEG 5990-MSMEG 6043
2 sgRNA
MSMEG 5990 MSMEG 6017

Ui

mc’155 5 mL F 37 °C

200 r/min 24 h 1 mL 100 mL
Lemco-Tw 30°C 200 r/min 12h
ODcoo 0.8—1.0 5000 r/min 5 min

25 mL 10%
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A
colEl ori -
Xba 1 (6 621)
pCas9101
Apra 7 861 bp
Xba 1 (5333)
EcoR 1 (5 303)
Hind 111 (5291)
PtetR.v '
P
C

Xba 1 (16 484) colEl ori

A

Xba 1(15 196) T\
N20-3990
sg-RNA

cas9

MSMEG 6043 DN arm
Xba 1 (13 245)

Xba 1 (13 203)

pCas95990
17 724 bp

Xba 1 (11 307)

pGOALI19 cassette (hyg-lacZ-sacB)

1 ETFEHES#4FE CRISPR-Cas9 ARG HE BB FRAL

PletRx

Xba 1 (16 447) colEl ori
P

A
Xba 1 (15159) 7 cas9
N20-5228
sg-RN.

MSMEG 5228 UP arm

MSMEG 5228 DN arm
. pCas95228 P

Xba 1 (13 245) 17 687 bp p

imyc

Xba 1 (13 203)

tetRs

Xba 1 (11 307)

pGOALI19 cassette (hyg-lacZ-sacB)

Xba 1 (16 484) colEl ori

Apra
Xba1(15196) g\ & cus
N20-6017
sg-RNA

MSMEG 5990 UP arm

MSMEG 6043 DN arm
v pCas96017 P

17724 bp ln P
P

tetRs

Xba 1 (11 307)
pGOAL19 cassette (hyg-lacZ-sacB)

Figure 1 Plasmids constructed for CRISPR-Cas9 assisted deletion system in M. smegmatis

A
Ampicillin (variant) MSMEG 5228 UP arm
colEl ori , (= MSMEG_5228 DN arm
KanR2
pTMKS5228
14 446 bp
Xba 1 (9 994)
Xba 1 (8098

)
pGOAL19 cassette (hyg-lacZ-sacB)

Xba 1 (10 031)

Ampicillin (variant) MSMEG 5990 UP arm

colEl ori ’ Jnm= ~\MSMEG_6043 DN arm

KanR2 I
[

pTMK90-43
14 483 bp

Xba 1 (8 135)
pGOAL19 cassette (hyg-lacZ-sacB)

2 ETEHESHATE p2NIL-pGOAL J55E B AU R BR R AL
Figure 2 Plasmids constructed for p2NIL-pGOAL method deletion in M. smegmatis
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34 4°C 5000 r/min 5 min ( X-gal ( 20 ug/mL) LBG
3 ) 200 pL 10% 10—100 ng ( 10%
10 min NaCl ) 37 °C 3-5d
1 250 V/ecm
1 mL Lemco-Tw 37 °C 200 r/min 33 (
2-3h ( 50 pg/mL) LBG
50 pg/mL) X-gal ( 20 pg/mL) LBG LBG 37 °C
37 °C 3-5d 2-3d
F DNA PCR
ATC ( 30 ng/mL) LBG ( “ 1.3.1” )
37 °C 3-5d PCR
2-3
X-gal ( 20 pg/mL) LBG 1.3.3 BHESRAFE mc’155 FBEEEFIFEE %A
( 10% BT THRELE
2
NaCl )  37°C 3-5d mer133
MSMEG 5990-MSMEG_6043
13 mc’155
2
( 50 pg/mL) LBG mc 155 (AMSMEG 5228)
LBG LBG 3-5d
37 °C 2-3d e o o
. 1.34 BHRESHEFE me’155 EEZEERMBRSEE
5 mL F 37 °C
DNA
200 r/min 1-2d DNA
PCR MSMEG 5228
- CRISPR-Cas9
3bt F 3bt R MSMEG 5990- 5
- - - mc“155  MSMEG 5228
MSMEG 6043 Yz UP Yz D
- c - - MSMEG 5990-
PCR

1.3.2 ET p2NIL #EMEARMRRANSAS
R FRAD Tk
CRISPR-Cas9

mc*155
( 50 pg/mL) X-gal (
20 pg/mL) LBG 37 °C
3-5d
LBG
37 °C 3-5d
2-3

MSMEG_6043
MSMEG_5990-MSMEG_6043
mc’155 (AMSMEG
5228) 1.3.1
3bt F 3bt R Yz UP Yz D PCR

PCR

2 #R540M
2.1 EHEOHEATE mc’155 EE SRR K& HE %
FREIRO#

mc’155 CRISPR-Cas9

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



2746 A 2 A Microbiol. China

3
sgRNA
( 3 ATC 22 fERASFATE CRISPR-Cas9 RGRFR 3p-
cas9 Cas9 REXERERSEBERERMSMEG_5228)
sgRNA pCas95228 mc?155
(DSB) 3p-
DNA MSMEG 5228 MSMEG _
( 3) 5228 33
CRISPR-Cas9 PCR
pCas9101 (7 861 bp) 3  CRISPR-Cas9 ( 4 32
pCas95228 (17 688 bp) pCas95990 PCR MSMEG 5228
(17 724 bp) pCas96017 (17 724 bp)  p2NIL- 7 21.88% ( PCR
pGOAL pTMKS5228 (14 446 bp) 1 300 bp
pTMK90-43 (14 483 bp) 500 bp)

«— PGOALIY cassette (hyg-lacZ-sacB)

UP arm sgRNA cas9 UP arm _ Target sitt DN arm

DN arm
pGOALI 9 cassette (hyg-lacZ—sacB)

: — \Qi&
Target site DSB

UParm_ DN arm UP arm I DN arm
- — e w— | - -—— ) — --

sgRNA
C \ | 2

UP arm DN arm

—————— —— — — — -~~~ 2

3 EHE/#4FE CRISPR-Cas9 R4t DNA TiRALMRRIEE
Figure 3 Flow chart of M. smegmatis CRISPR-Cas9 system used in DNA scarless deletion

A B Cas9 sgRNA sgRNA C

2 a 2 2 .
Note: A: The target plasmid with sgRNA and cas9 gene integrated in M. smegmatis mc*155 chromosome (single cross-over); B: Cas9
cleaves the chromosome at the specific site recognized by sgRNA targets the complementary strand; C: The two homologous recombination
repairing results caused by each DNA arm containing in the target plasmid (1, 2), 2 would be the proposed deletion.
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bp 1 23 4 567 81kb9 1011 12

1500

1 000

750
500

4 pCas95228 iR MSMEG 5228 FE& PCR &1 [E

13 14 15 16 17 18 19 20 21 22 23 24 251kb26 27 28 29 30 31 32 33

Figure 4 Identification of M. smegmatis mc*155 (AMSMEG _5228)

1 kb GeneRuler 1 kb marker 1-32
PCR

M. smegmatis mc*155 (AMSMEG 5228) PCR

33 M. smegmatis mc?155

Note: 1 kb: GeneRuler 1 kb marker; 1-32: PCR products of different M. smegmatis mc¢*155 (AMSMEG_5228) colonies; 33: PCR product of

M. smegmatis mc?155.

p2NIL-pGOAL

MSMEG 5228

33 MSMEG_
5228

2.3 {EADHAFE CRISPR-Cas9 RZiaiABE
24 R EEFRMSMEG 5990-MSMEG _6043)

pTMK5228

mc’155
gRNA
[29] 2
sgRNA ( MSMEG 5990  MSMEG _
6017) pCas95990 pCas96017
33
PCR pCas95990
33 1
32
F
PCR
pCas96017 33
5
bp 1 2 3 4
1000 —
750 —

500

28 PCR (

728 bp) MSMEG 5990-MSMEG _
6043 5 (5 17.85%
p2NIL-pGOAL pTMK90-43
MSMEG _5990-MSMEG_6043

mc’155
mc’155 (AMSMEG _5228) mc’155
(AMSMEG 5990-MSMEG _6043) LBG
3-5d
( 6 3 LBG

MSMEG 5990-MSMEG_6043

2.4 BHRESFATE mc’155 % EEELLRRTHiE
5%%
CRISPR-Cas9
DNA
mc’155 (AMSMEG_5228)

5 6 7 8 91kbl10 11 12 13 14 15 16 17 18 19 20 21 22 23 1kb 24 25 26 27 28 29

5 pCas96017 FRHIRiFR MSMEG 5990-USMEG_6043 PCR I&iF4ER
Figure 5 Identification of M. smegmatis mc*155 (AMSMEG_5990-MSMEG_6043)

1 kb GeneRuler 1 kb marker 1-28
M. smegmatis mc*155 PCR

M. smegmatis mc*155 (AMSMEG_5990-MSMEG_6043) PCR 29

Note: 1 kb: GeneRuler 1 kb marker; 1-28: PCR products of different M. smegmatis mc*155 (AMSMEG_5990-MSMEG _6043) colonies; 29:

PCR product of M. smegmatis mc155.
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1 2 5990-MSMEG 6043
. CRISPR-Cas9 mc’155
4%
3 W E4®
CRISPR-Cas9
B mc’155 (M. smegmatis
mc*155) 3p-
6 BEPRRBLLGIE MSMEG 5228

Figure 6 Phenotypes of strains

1 M. smegmatis mc’155 2 M. smegmatis mc?155
(AMSMEG 5228) 3 M. smegmatis mc’155 (AMSMEG 5990-
MSMEG _6043). A LBG B . 21.88% 17.85%

Note: 1: M. smegmatis mc’155; 2: M. smegmatis mc’155
(AMSMEG 5228); 3: M. smegmatis mc*155 (AMSMEG 5990- pZNIL-pGOAL
MSMEG 6043). A: LBG medium; B: Cholesterol minimal

(MSMEG_5990-MSMEG_6043) DNA

medium. CRISPR-Cas9
pCas96017  MSMEG 5990-MSMEG._ 6043 3 Cas9
33 ]

PCR 7 A 5208 yzl 5228 y22 6017 yzl 6017 yz2
MSMEG_5228 B MSMEG 5990- ( MSMEG 5228 PCR
MSMEG._6043 25 13 MSMEG_5990-MSMEG._
MSMEG_5990-MSMEG_6043  MSMEG_5228 6043 14 )

MSMEG.
A
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bp 1 23 456 7 8 91kb10111213 141516 17 18 19 20 21 22 23 24 25 26 1 kb27 28 29 30 31 32 33 34
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7 M. smegmatis mc*155 (AMSMEG 5228 & AMSMEG_5990-MSMEG _6043) PCR I&iiF£5 R
Figure 7 Identification of M. smegmatis mc*155 (AMSMEG 5228 & AMSMEG 5990-MSMEG _6043)

1 kb GeneRuler 1 kb marker A 1-33 M. smegmatis mc*155 (AMSMEG _5228) PCR 34 M. smegmatis
mc’155 PCR B 1-33 M. smegmatis mc*155 (AMSMEG_5990-MSMEG_6043) PCR 34 M. smegmatis
mc?155 PCR

Note: 1 kb: GeneRuler 1 kb marker; A: 1-33: PCR products of different M. smegmatis me*155 (AMSMEG_5228) colonies; 34: PCR product
of M. smegmatis mc’155; B: 1-33: PCR products of different M. smegmatis mc*155 (AMSMEG 5990-MSMEG _6043) colonies; 34: PCR
product of M. smegmatis mc155.
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