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Determination of the Length of Target Recognition Sequence in sgRNA Required for CRISPR Interference
Bumjoon Kim, Byeong Chan Kim, Ho Joung Lee, and Sang Jun Lee*
Department of Systems Biotechnology, Chung-Ang University, Anseong 17546, Republic of Korea

Single-molecular guide RNA (sgRNA) plays a role in recognizing the DNA target sequence in CRISPR tech-
nology for genome editing and gene expression control. In this study, we systematically compared the
length of the target recognition sequence in sgRNAs required for genome editing using Cas9-NG (an engi-
neered Cas9 recognizing 5-NG as PAM sequence) and gene expression control using deactivated Cas9-NG
(dCas9-NG) by targeting the gal promoter in E. coli. In the case of genome editing, the truncation of three
nucleotides in the target recognition sequence (TRS) of sgRNA was allowed. In gene expression regulation,
we observed that target recognition and binding were possible even if eleven nucleotides were deleted
from twenty nucleotides of the TRS. When 4 or more nucleotides are truncated in the TRS of the sgRNA, it
is thought that the sgRNA/Cas9-NG complex can specifically bind to the target DNA sequence, but lacks
endonuclease activity to perform genome editing. Our study will be helpful in the development of artificial
transcription factors and various CRISPR technologies in the field of synthetic biology.
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N9 284 "HygrAd o=z u§A CRISPR (Clustered
Regularly Interspaced Short Palindromic Repeats)~ 1
of7} ofujsh= Hiel o] Al nAlHE Y] A A T
AR QG 1AL Fu Fr)HoR REsl gL HE
BEAdE Ag BAHARN, AlRe) $AAE sy
A vt 2 e ubA] o] § 44 DNA £ RNAY E4 AdS
43k} Aehfol vAES BET 5 SrHel

o8] 7}A] CRISPR/Cas A|AH] o)A XZ71A] CRISPR/
Cas9 A|&go] 7H 2stA] A= 12w [3], 20719 DNA
G71E8E& BH OS2 943t sgRNA (single-molecular
guide RNA)2H A2 42 7159 DNAS 42 A& <= Sle
RuvCe HNH =1 Q1 7}A| 3L §l= Cas9 HAF £3ff Thl
A 847} sgRNA/Cas9 EFA S o] Fo] 2 DNAY o|F
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7teE Add 5 o]

CRISPR/Cas system> E7 A g9 DNAZ A= 4 919
A, 109 @ A A 8] =24 THeAdo] AAE o]
%, F&s] TAs goh5). 243 Donor DNAE A|53tth
W, gt AEE SEsHA FAAE HAE 5 A= 0
ol A& olA T3 6] sHATE, HAA|AF o] ZhE
A7) (selH) &} H| A7 (non-sel)E 2 = J=F 23t of
£ PAM (protospacer adjacent motif) A E 2] ZA = <l3|
RANEE A 7Hee W7 AlztE = SioHT). PAMO|
% FAAE AgtS E3HA7]7] Al Cas9 T A 2 774
ot 4to] H EAWOIE oA Yl Cas99 PAM A ¥
2l 5-NGG¢] 3H#A ol (guanine)ol] et JE=F lof
A PAM A 9< 5-NGZE Q4315 3t 4 DNA A &E
< AT Cas9-NG7} 7Nt iTHS].

0|27k Auiglo] Yshe E4 DNAY Agstel S414
o S AT & A= ¥ CRISPRi (CRISPR
interference)7} 7N = AcH9]. FHZ L2, Cas9e] HAF &
3 maa ZAAE H SdWHOlE =95t AAT dCas9
(deactivated Cas9)& AMHE3] HoteE E4 F4A &
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AAE 4= QITH10]. EZ DNA Ao 2= sgRNA/
dCas9 E&A|= AARIAL E= RNA 38849 282 7
AA o wafatal, s FAAY FES AT 4 Yot
[11].

o] AFLEo] 95t Cas9 3¢ ¥Z DNAY ATt
93] sgRNAO|A 17-187] H2 L E T2 o]Zoj H2
A X go] D astgTh12, 13]. Cas9-NGE Cas9n} H] w5}
FY3 22 DNAQ| Hrto] Zadt sgRNA EHU4AF 2
0]9] z}o]E K Gr}[13]. 31, dCas9e] A 1474 &
SYLEER o] o7 RAJNAMEE AALA| 7} 7Hs5F
o= Bz A%ioh14].

£ AN BE PAM AE& ZHe dCas9-NGE ©]
&oto] o Bl ZZHEA Q H & (galactose operon)
Z2RHQ Py -10 FH& EHA LR A48t thekdt
Z10]¢] sgRNAES Al&ste] AAAE ot A& 45t
R, B3, 5L A Pyl sgRNA/Cas9-NG =34
7t A4 HAS E 5 Q=AE vl skt dCas9-NG7t
FH A Gl AEdt=t] Zag sgRNAQ] Z 0|9} Cas9-NG
7} B LS 2= Padt sgRNASY Zo|E A A Zo
2 Hastgich

Table 1. Strains and plasmids used in this study.

Mz A UE

79} vjef 271

Escherichia coli K-12 DH50. #+F+= S22 F =2 o]&
St MG1655 #7= +34 B4 9 CRISPRiE H| 3}
7] 1% A ¥ o AHg-st ¢ th(Table 1). DH50: o+ LB Hj
Ao A wiFE o sgRNA #HE A Zto] ARE-3HiTt.
CRISPRi Aol A MG1655 @5+ LB uiz|of Hujof g+ &
<A1 AH(Sodium succinate dibasic, Sigma-Aldrich, Cat.
No. 14160, USA)0] S-dstagoz A7lE M9 HAH|A =2
aA sttt

D-ZZE A (D-galactose, Samchun chemicals, Cat. No.
G0476, Korea)ES 0.5% H7}3t 7| MacConkey, BD
Difco, Cat. No. 281810, USA) op7lujA]of =& F3f 75
7 Y gAY D-ASEAE AHT 4 A=A s
Aot T3, EujoFA] L-otgH] A (L-arabinose, TCI, Cat.
No. A0515, Japan) 1 mM& 3 7}sto] 439 F-2A o 3L
L cas9-NG E= dcas9-NG $AAE 2z Sd A o). v
A &) Ao whe} YA o)A € (ampicillin) 50 pg/ml, 7}
ytato] Al (kanamycin) 25 pg/ml, 18] A E L-ulo] Al

Name Characteristics Source/reference
Strain
DH5a fhuA2 lac(del)U169 phoA ginV44 ©80' lacZ(del)M15 gyrA96 recA1 relA1 endAT thi-1 hsdR17 Laboratory stock
MG1655 F~ ilvG rfb-50 rph-1 S. Adhya
HK1159 MG1655, AaraBAD::Pgap-cas9-NG-KmR [13]
HK1160 MG1655, AaraBAD::Pgap-dcas9-NG-KmR [15]
Plasmid

pHK463 pSC101 ori ®, araC, \ bet gene, AmpR [16]
pBJ005 PBR322 ori, sgRNA target length: 20 nt(**TTCGCATCTTTGTTATGCTA ' in Pgq), SPR [17]
pBJ049 PBR322 ori, sgRNA target length: 19 nt(**TCGCATCTTTGTTATGCTA" in Pga), SpR This study
pBJ048 PBR322 ori, sgRNA target length: 18 nt(22CGCATCTTTGTTATGCTA " in P4q), SpR This study
pBJ047 PBR322 ori, sgRNA target length: 17 nt(¥’ GCATCTTTGTTATGCTA " in Pya), SpR This study
pBJ046 pBR322 ori, sgRNA target length: 16 nt(*®CATCTTTGTTATGCTA " in Pgq), SpR This study
pBJO45 PBR322 ori, sgRNA target length: 15 nt(*>ATCTTTGTTATGCTA " in P,q), SpR This study
pBJ044 PBR322 ori, sgRNA target length: 14 nt(**TCTTTGTTATGCTA " in Pya), SpR This study
pBJ043 PBR322 ori, sgRNA target length: 13 nt(2>CTTTGTTATGCTA " in Pgal; SPR This study
pBJ042 PBR322 ori, sgRNA target length: 12 nt(>*TTTGTTATGCTA™" in Pgq), SPR This study
pBJO41 PBR322 ori, sgRNA target length: 11 nt(*'TTGTTATGCTA ' in P,4), SpR This study
pBJ040 PBR322 ori, sgRNA target length: 10 nt(**TGTTATGCTA" in Pga), SpR This study
pBJ039 PBR322 ori, sgRNA target length: 9 nt(*GTTATGCTA" in Pgq), SpR This study
pBJ038 PBR322 ori, sgRNA target length: 8 nt("8TTATGCTA" in Py,), SpR This study
pBC006 PBR322 ori, sgRNA target length: 7 nt(""TATGCTA"" in Pgq), SpR This study
pBCO05 PBR322 ori, sgRNA target length: 6 nt('®ATGCTA" in Pya), SpR This study
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Table 2. Primers used in this study.
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Name Sequence (5'—3) Description
P1 TCGCATCTTTGTTATGCTAGTTTTAGAGCTAGAAATAGCAAG
pBJ049 construction
P2 TAGCATAACAAAGATGCGAACTAGTATTATACCTAGGACTG
P3 CGCATCTTTGTTATGCTAGTTTTAGAGCTAGAAATAGCAAG
pBJ048 construction
P4 TAGCATAACAAAGATGCGACTAGTATTATACCTAGGACTG
P5 GCATCTTTGTTATGCTAGTTTTAGAGCTAGAAATAGCAAG
pBJ047 construction
P6 TAGCATAACAAAGATGCACTAGTATTATACCTAGGACTG
P7 CATCTTTGTTATGCTAGTTTTAGAGCTAGAAATAGCAAG
pBJ046 construction
P8 TAGCATAACAAAGATGACTAGTATTATACCTAGGACTG
P9 ATCTTTGTTATGCTAGTTTTAGAGCTAGAAATAGCAAG
pBJ045 construction
P10 TAGCATAACAAAGATACTAGTATTATACCTAGGACTG
P11 TCTTTGTTATGCTAGTTTTAGAGCTAGAAATAGCAAG .
pBJ044 construction
P12 TAGCATAACAAAGAACTAGTATTATACCTAGGACTG
P13 CTTTGTTATGCTAGTTTTAGAGCTAGAAATAGCAAG
pBJ043 construction
P14 TAGCATAACAAAGACTAGTATTATACCTAGGACTG
P15 TTTGTTATGCTAGTTTTAGAGCTAGAAATAGCAAG
pBJ042 construction
P16 TAGCATAACAAAACTAGTATTATACCTAGGACTG
P17 TTGTTATGCTAGTTTTAGAGCTAGAAATAGCAAG
pBJ041construction
P18 TAGCATAACAAACTAGTATTATACCTAGGACTG
P19 TGTTATGCTAGTTTTAGAGCTAGAAATAGCAAG
pBJ040 construction
P20 TAGCATAACAACTAGTATTATACCTAGGACTG
P21 GTTATGCTAGTTTTAGAGCTAGAAATAGCAAG .
pBJ039 construction
P22 TAGCATAACACTAGTATTATACCTAGGACTG
P23 TTATGCTAGTTTTAGAGCTAGAAATAGCAAG .
pBJ038 construction
P24 TAGCATAAACTAGTATTATACCTAGGACTG
P25 TATGCTAGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGG
pBC006 construction
P26 TAGCATAACTAGTATTATACCTAGGACTGAGCTAGCTGTCA
P27 ATGCTAGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGC .
pBCO05 construction
P28 TAGCATACTAGTATTATACCTAGGACTGAGCTAGCTGTCAA
P29 GATACTGGGCCGGCAGGCGCTCCATTGCCC . .
Construction of sgRNA plasmids
P30 GCAATGGAGCGCCTGCCGGCCCAGTATCAG
P31 AACGCCTGGTATCTTTATAGTCCTGTCG Sequencing primers for sgRNA
P32 CAGCAGCCGCGGTAATAC
gPCR primers for 16S rRNA
P33 ACCAGGGTATCTAATCCTGT
P34 CCACCGTTTATGGCGATCAG .
qPCR primers for galE
P35 GTTCCACCATCAGCTTGCTT
P36 ACTGGCAAATTGTCGGGCCA Sequencing primers for Pgal
P37 TGTCACACTTTTCGCATCTTACGGTACCAATGGTTATTTCATACCATAAG Mutagenic oligonucleotides for Pgal

(spectinomyecin) 75 pg/mlS H7}s| A AT

EdanE Az
B Ao AHg-E Zato| = Table 20 2|3t &
PEX QHE9] T2 HEE FHAMLEE 2= sgRNA ©d

2> e

Jo|EL g3} o] ARSI BehAuS pBI00S
FPor RAALY Zolof wat AAH Zetolm B
& & Bl A2 FA= AEo] EAst= DNA + 27}
£ PCRo|| 93} £ZA]71 &, Gibson assembly Master Mix
(NEB, Cat. No. E2611, USA)E o] &3}o] DNA

= [e]
243
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AAAA A2 7} sgRNA B & FtAv| = A 23S
ot o]F AZHE sgRNA EZAv|Es FAA #AT
CRISPRiE ¥3f ZHzt AFd i@« o5 HK1159%
HK11602.2 =& Jc}.

34 |93

HK1159 w5 pHK463 Z2tAn| =8 FAATL o5
£ LB iAol A vjFstHA ODgoonm”t 0.3901 4] L-of2hH] e
22 "l A o] #7135} Cas9-NG ©hil 2 1} Zo} Bet Th A
< FLEANA A4 HYS A% competent A EZE FH|
StTH15]. Algta 4 Kpnl A EE 2t 4R 2 &
YT LE 29 oY 7HA] RA A A EY ZolE 717
sgRNA Z2tA0|E5 3 A7 HFE &8 flo 2xle
competent A XZo) £ttt FAA
EXAE TR HE7] o7t viA| o] =Este] S F2Y 9
Hl& 7} FEL F2UY(log1oCFUug DNA) S35 F3l 44
AHY a&E st I8 FE2YA 2HNES
PCR ¥ Kpnl A|@aAE Hesto] 44 BN &
QI8

Rl I B

EAHJAAAE Zol7t thE sgRNA EgAv|=EE
HK1160 oo FAMIAZ &, A8 Eeuto] A(FF
75 pg/ml) 2t D-ZZFEX(FF 0.5%)F H7He WE 7] ofrt
] of] A AFE 2h(streaking) S 3Gt B L-ofahy| A
EF 1 mM)yE F7H 02 71 WA o= 22 Al25 A
A=t 5kt dCas9-NGe L-ofgtu|ie 2o o) & W
do] =1, sgRNAE FALE 2R Eo| o) HHT}.
waba], L-ofepa e A7t 2R5HH AlZWo A sgRNA/dCas9-
NGO EA7} oA FHA Y EHAHEQ] gal ZER
B -10 £l Bold o g e = J=F HARIE A
ZHEA YAFARY AAE dAE F¢, D-ARELAE
At 4= glojA] WE27] D-AZEX wijx]ofA M F2Y
7t 42 Aolx, ZHEA YARHAY AAAE 8HA]
28 Aedde F24 22U FPEHES 10k

gAEE 24

WEZ7] op7t WA oA FAH FEY S MZARHN gal X
2rEo| g3t AAGA| 7Hs F5E WA WEd 45 LB-
2" E]louto] Al WA HjZ| o A 37T, 16417t A vl ket
%, 250 ml ZetAF o HAAKHEF 20 mM)TH A% E| eof
oAl 7k M9 |42 25 miof] HujeFd 0.25 mlE 3
7HEF 1%)3te] EujFS Agstgict. E o2 Euljof St
230 % L-otghH e A (FHF 1 mM)E H718Y deas9-NG
FARG HES st Al E S BFd=A (Ultrospec
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8000 spectrophotometer, GE Healthcare, Sweden)& A
sto] 3AIZE THA 02 S5t 2ok A& 3 6417
D-ZEEXA(FF 20 mM)E 75t gal ZERE 9| HAA}
o4 ojsio] o3t ZYEX Aol RS mUHYSAL. £
2E DZYEAQ Erl AF I 2ntE 1 1 (iquid
chromatography, RID-10A RI monitor, Shimadzu, Japan)2}
A3 (Aminex HPX-87H column 300 x 7.8 mm, BioRad)&
ARt SRSt en DA EAY A v AlE
S 3 9AIZET} 12A)7F Abo] o] HH TS AL R UHRo] A
W16,

AL £4

HujoF A2 & 9A]7HY] Total RNA purification kit
(Nanohelix, Cat. No. RPT100, Korea)S A}-&3}o] ujj okl
S 2RE RNAS F&3Hth AL E4 0 283t galE =
gto] ¥ = Universal Probe Library Assay Design Center
(http://lifescience.roche.com)o| A T ZFQlst At F&3
RNA®} 5 ng?] Zzto]lHE Z§H3t T o RealHelix gPCR
kit (Nanohelix, Cat. No. QP2-S500, Korea)E A3}
galE AR AALE CFX96 Touch (Bio-Rad, USA)E &
3 &3 sk4lch RT-qPCR W3 271 th27} 2t} cDNA
A (BOT, 408); HA (95T, 128); (95T, 20%; 60T,
182); 5= 34 24 (65C-95C: 0.5CH F71 5%). §%
tlol e A3t 16S B E & RNA HE J=of o3 A3t
glon, L-ofghd =27t EA8hs 249 galEAZ Z&
S 2RE 374-453 F71AE A= BolZ HA)% mRNAY
4} L-ofeh =27t EA8HA] e 279 mRNAY| 4%
WA AL

=k

74 |.I=II_|—1E

2} %
Cas9-NG2| F-3 A HA ol a3t sgRNA AN E
9] Zoj

sgRNA2| FA Q1A A go| BolA B2t sgRNA/Cas9-NG
EqA Y d=rSdotA] &4 fA = FHA HYo
7Festthe Aol €A Qloj[12], Cas9-NG7F DNA Heto]
Hagt FHAY Zo|9| Highe £4519Tt gal Z2RE
Pi, P20l FEE = -10 94 o] HASt=F E22
AN EE 2t sgRNAS HAQl3tdth sgRNAQ] E 2 Q14]
Mg 5 TaRE R E =7 44 AAS Ho 14
Mol wEE LE =t AAHEE AA A A4 HY
LS FAst7] Y3 Algtas Kpnl A Fo] 23H 4
ol SYLFZH LE =9 o2 7HA] sgRNA EtAn|=
€ HK1159 @5 A7|HF3HE o83t =¢l3trhFig.
1A). 272, sgRNAS] EHAAA G| 5-Tke] A 72
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A Mutagenic Oligo (8 nucleotide point mutations)
- TGTCACACTTTTCGCATCTTACGGTACCAATGGTTATTTCATACCATAAG
K ‘n I
P Py Py
5'- " TGTCACACTTTTCGCATCTTTGTTATGCTATGGTTATTTCATACCATAAG -3
3'- _40ACAGTGTGAAAAGCGTAGAAACAATAC:GATACCAATAAAGTATGGTATTC o_gr
EEERRERERERRRRNRR
5-AACGCATCTTTGTTATGCTA.- ‘ | ‘ | ‘ ‘ ‘ ‘ ‘ ‘
i sgRNA from pBJ048
100 -10 —~
ue I T I ] White colonies 0 <
= ] Surviving colonies E
NOB, not observed. o
80 L8 =
— ~
3 T
: :)
‘= 60- -6 5
k) Ke)
o N
3] )
o) .0
= 40+ _ - 4 5
= 3
2
20 - -2 S
&
S
NOB @
0 I T I T 1 0
AO Al A2 A3 A4

Truncated nucleotides in sgRNAs

Fig. 1. Genome editing with CRISPR/Cas9-NG negative selection using various length of 5'-truncated sgRNAs. (A) Nucleotide
sequences of mutagenic oligonucleotide and target DNA region for genome editing. The mutagenic oligonucleotide harbors the Kpnl
site. Red and blue underlines indicate -10 regions of gal P; and P, promoters, respectively. (B) Genome editing efficiencies using Cas9-
NG with untruncated sgRNA (A0) and 5'-truncated sgRNAs (A1 to A4). The white colonies indicate cells with the gal promoter inacti-
vated by genome editing.

QA 1, 2, PN AEEUS AFERNAAL A2, A3)  AS(sgRNAM)OE, EQiHo] el nr 3|2 El=g o8

ot 2 oE = AEEA G gRNAGH o] AW el gal ZREE B SUA BYS T 5 Gk &
o9 A2 gal TZWEZL YIHAN DAYEAY thk % sgRNAAM F ol B3] MacConkey) D-ZEHE 2 H)
A9 ol ZAHOE UolbA gobd W7 Ao Ao nEe] B2y A4t seRNAAL A2, A3
(MacConkey) D-ZZHE2 opll o] 4HE B8 F21  HSo)A BEE 10%ug DNA ©|5F £:20] 41 10%ug DNA
7 90% o 49| W& WAL, AW, sgRNAS] BH 0O A F7HH A0 BAHUG. E, sgRNAAY
AYAGY 5B A FZHOHEA 7t BEHAES 7L ASHYS BN S04 BIHASL T S Y= B
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dFQ I Z2Y7E A HEEA Gyt o] 2BE,
sgRNAAL, A2, A3 Cas9-NGI} EFA|E o|Fo] f44 #
Hel dag d=wZdotA 848 FAT ¢+ YA,
sgRNAA4E Cas9-NG 5= d=wZdotA &40 &
At EolEo] Nz fAAEEE T = g2 ¢

= Ath(Fig. 1B

dCas9-NG2J
Aol 2ol

dCas9Z A28 CRISPRio] 83l sgRNAS] F &

).

Target DNA sequence(20nt)
P, P
TTTTCGCATCTTTGTTATGCT% |£’ 1
51-42caTGTCaca” z e e g
— +
3'—42GTACAGTGTGAAAAGCGTAGAAACAATACGATACCAATAAAGTATGGTATE -5'
FEECEREREETETEETrTr
(20nt, AO) 5’-UUCGCAUCUUUGUUAUGCUA
—_— (15nt, AS5) 5/ -AUCUUUGUUAUGCUA dCas9-NG
9 (10nt,A10) 5’ ~UGUUAUGCUA

Recognition ~ (gn¢ A11)
Sequence  (gnt,A12)
insgRNA  (7nt,A13)

(6nt,A14)

A(;UUCAACUAUUGCCUGAUCGGAAUAAAAU

5’ ~-GUUAUGCUA
5’ -UUAUGCUA
5’ -UAUGCUA

5’ ~AUGCUA | GUUUUAGAGCUAG p

A.
AAAGUGGCACCGA sgRNA

LI111]1e

3'-UUUUUCGUGGCU

RNA polymerase

L-Ara inducible
P BAD
_}

PJ23119

plasmid

pBR322 ori

Inhibition of
gal transcription

——  dcas9-NG E |%é>

L-Ara (+)

||||
CGAU.

UG AA

Expression of gal
enzymes

P gal

MacConkey D-Gal

AR A - o] 753 sgRNA 22214

_EL
=

Fig. 2. Design of regulation of gal promoter by CRISPR interference with 5'-truncated sgRNAs. (A) dCas9-NG protein with various
lengths of 5'-truncated sgRNAs targeting -10 regions of gal P; and P, promoters. (B) The expression of dCas9-NG in the chromosome
of HK1160 strain is induced by L-arabinose. The sgRNA/dCas9-NG complex can bind to the -10 region of the gal promoter to inhibit
the expression of D-galactose metabolizing enzymes. If D-galactose is not metabolized, white colonies form on the MacConkey agar

plates.
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A LE o e 1272 dFTH11]. 8+ dCas9-NG
£ 283 AR AAF 9AIE € 4 = CRISPRI A&
oA EHAEE A43HE 7|5 3h= sgRNAY 23 Q
A o7t #AA Gl Ao n A= FFS 2ABH] A
S gAIsteth(Fig. 2). 4, BHRJAXNA G 2008 %
£ sgRNA ZetAu| =l R4 A Fo| 7 LE =17
% Zobzl sgRNA ZetAu|EE HK1160 w5 A4
SFATHFig. 2A). o 712 FAATE v E F4FES W
7] D-ZZREA wjR]of AAETete] AT} F2 F2
Y 28YS 242 AAAA Y {72 Bda A oh(Fig. 2B).
dCas9-NG & =22kl L-otebu| e A7} 5% ¢
2 WZ7] DZALES iR oA et vE #FES E
FeHA D-ZLEAE gAtete] B2 Z2YE A5
o}, A, Loofeu| e A 3 WEY| D-ZZEX v
oAA 4t vAE FFEY Z2Y MZ2 sgRNAY| #7
AN E ] dojof whzt zto]7t 3Tt sgRNAS] #3Q14]
AgelA w2 e = Aol 17H(sgRNAAD A 1174
(sgRNAALD7HA] o] Z A F Fo = D-ZZEAQ] thate] I
a3 AL HAEA] X EE gal ZEREHE AT &
AATH(Fig. 3). SFAIT, sgRNAS] RHRIAAEY FEH 2
El=9] A& A7t 1270 (sgRNAALL) ool HH, gal Z2
TZE7F AR ok i Hols 24 F2YE AEE

L-Ara (+)

Fig. 3. Visualized CRISPR interference using various 5'-trun-
cated sgRNAs on MacConkey agar. If CRISPRi works properly
with 5'-truncated sgRNAs (A1 to A14), white colonies are formed
on the MacConkey agar plates, otherwise red colonies are
formed. The presence or absence of L-arabinose turns CRISPRi on
or off, respectively.

Minimum Length of sgRNA in CRISPR Interference 540

Ac(Fig. 3).

Az o] A} 2-A-& & 4= 91 CRISPRi2] sgRNA E 32l
Axae] gol

sgRNAQ] FZQAAAE dolof wg HK1160 #F9] gal
Z22E Y HAL A7} D-ZSE A9 At WA= JTF
= gst7] fsiA, sAl4to] FHtE M9 A of vl
StH Al Lo D-ZASHEAS 27t oo JUHPS o D-
AHEAE 2HSt= AE ZYEHP G TH(Fig. 4). dCas9-
NG| H&S oA Lotat|ie e vigF 27]9 H7hskad
o} L-ofet|le 29 47} of &, & CRISPRi®] 2H5 o 5o
w2 A AAFE T (cell growth rate; ODggonn/h) S H] 23}
STh(Fig. 4B). e = 6A17F H S 27| A7) v g
9] ODgoonm”} 0.30] El= A|H AN D-AHEAE T 5%
7F 20 mMe] HE=& H7lstich 2 2R, L-ofehe| e A5
H7LstA g2 wi Al ol A= sgRNAS] EZ Q1A A F 9 do]
oF AHylo] F71E MU D-AGELAE §AaYo R o] f
sto] g 16X o] 25 ODgoonm”t 301322 A|Z7}
Agte S WESHTh(Fig. 4A). BHHo Lofahie A5 3
7Fet vjA o Al sgRNAS] BAJAAXNHo N FEE LEES
117] 2&X7 2 2-(sgRNAA11)7HA] HK1160 #37} D-Z
SEAE 42H|SHA] Zoth(Fig. 4C). SHAITE, sgRNAS] &
HAAXH A 12719 T2 LEE o]dS AENI AS
(sgRNAA12, A13, A14)9+= L-arabinose 52+ A ¢l0]
0.4(0Dgoonm/h) F =] HIT N ZAH £ & BT
(Fig. 4B). D-ZZE A t)Al<& = (D-galactose consumption
rate; mM/h)E H| a3t A3}, L-ofetu]| =25 H7HeE vl 2] o
A sgRNAQ] A QAANEA FEHLEEE 117 A&
A1 73$-(sgRNAA1)7HA] D-ZZHE A7) ThARE A] 9Far vy
Ao Az Fol Y& Felstlch(Fig. 4C).

T M| E A AF-H Y (cell-free transcription-translation) A
2 8& o]§3 CRISPRi @9 A= sgRNA 22 A2 A E
oA FEYLEEE 107 ZEAT B97A = o] o
& T} BT HAA £ES oy wEHeHE
12708 ALEAZ] AR E HARAA £E0] 50% o|5tE
A 2518 T A= 8-12 nt sgRNA 3¢l
Al dol dCas99 DNA ZAFS Y3 Fzx37 H3}
(conformational shift)9] J|ZENEQ Aoz AT}
2 dFoAe BHAAMLANA F7] 1707F B Fropd
sgRNAA11714] dCas9-NGoF EHA|E o] Fo] Al Z oA
ANAHOE gal ZREE Y FAE AAT 4= Qllen, A
A BAAAAE 20709 H7IAFolA 12778 72 2 F
EE &N Afole FHAEE AT 5= §lo] AF
ot AAIAE T 4+ Tt
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Truncated nucleotides in sgRNAs

o
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A0 A5 A10 A1l  A12 A13  Al4

Truncated nucleotides in sgRNAs

Fig. 4. Transcriptional and metabolic inhibition by various 5'-truncated sgRNA/dCas9-NG complexes. (A) Growth curves of
HK1160 cells harboring different lengths of sgRNAs (A0, A11,A12, A13, and A14). (B) Cell growth rates, and (C) D-galactose consumption
rates of HK1160 cells harboring different lengths of sgRNAs (AQ, A5, A10, A11, A12, A13, and A14). L-arabinose induces the expression
of dCas9-NG protein. sgRNAs are constitutively transcribed in the cell. (D) Relative in vivo expression levels of galE transcripts with and
without L-arabinose. Values less than zero on the vertical axis indicate transcriptional repression by the 5'-truncated sgRNA/dCas9-NG

complex.

sgRNAS] 37
A AR} 24
sgRNAS| FZAA XN EB Y o7} gal Z2HE Y| HAE
duh; JA o= A E AFH o2 457 AAsfiA, el
oA D-ZHEXS VIR F 3A7HE o wjget o A=
58 RNAE =34 RT-qPCR HHS ©]&5t9] galE
A2 A mRNA & H|Lstgict. 16S 22 & RNAY
e Ao} ¥ W ste] A F3H(normalization) 3 & L-o}2t
H]lr_/\ A 71o] WE mRNAS] At 2 9F(Relative abundance)
AT 1 A3, gRNAS] B AN AL 427
iE] E7t A&HR GE 299 logs (Relative abundance)
2o] -3 oI5} gal Z2RE} WA RS 1 SHe A
o2 By} sgRNAS EHAA AL 2 om0 2
£0] A5, A10, A11Y 7 L9 &= log, (Relative abundance)

QA2 X G ZAolo] E dCas9-NGS| §-4

http://dx.doi.org/10.48022/mbl.2111.11003

gho] B 15 AEE 7Y 2EE F&o] gl sgRNA

B} o3 AR S BT} 1A 9 sgRNAS F 7 914]
AEo L2g gl Aol A12, Al3, A142] F o=
L-ofghd| A G R0 ula} galE AR Ao ekt
e Aoz BAE T} o] AL sgRNAY FAAIA Y9

28 0 el =9 Aol 1170744 dCas9-NGE}F B E o]
20] gal ZTZREH AAE AT = 1, FEHEHE
o Ao] 127 o R EE A AAE T S g2 Hol
Zt}(Fig. 4D). Z22H 02 SHAA HIF S 7*753]' = e
CRISPRi®| 23 sgRNAS] X ME Zo|& AT
2 919la, $AA BAL 93t sgRNAS] HF QA G 2
O]EE]- AN B AL &A HYrk TAAA A Go] ol

of wket & 71eo] £ DNAS AE £ Y& d=wZd ot
Al BAE WA Y93, sgRNASH E2 DNA A F Alolo] &



o]l Ag2 FAT 4 A grH
CRISPRi 7| &g o] &3t o =80
2 FAAAENA ZFdte AT HARIAE st l

F0% 48E A3 Aolth

F

o OF
R =

CRISPR/CasZ ol 43 § 44 BA% f24 2@ 23
2 9% 7140l sgRNAE EHAGL AY3HE 42S @

th o gal ZERE S AN GE sto] FAA "] Bagt
sgRNAS| A QAN F 9 Zole} x4 Id 28 Ta
gt sgRNAS] FH QI A H 2 Zo|E Cas9-NG A A A
o7 vwstgnt. FAA HA Y %9, sgRNAQ F73 14
AEE FAske 2079 FEHLEEA 1Y wEH L
E|l=o] A&nke 3835t AR AR @ 2 - o=
HAQIA G 11749 FEYLEETF AEEolE £
Mg A4str 29 & ke AS BRth oA,

sgRNAS| FARIAA G A 47 o9 R LE=Y A
£0] Q&= A 29 sgRNA/Cas9-NGE= F2 DNA A g
ol o8 AZZ SHAT, drerZaotAY S #A
&t7] 2o A "L T ¢ gle AR wddth
A= A3 AARIAG AL FAYET FobY o

CRISPR 7]& YA =&& £ Zolth
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