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B FoifldE F MBI, KL BT CRISPR/Cas 2% % TA R % H 5 AEHARTL R
A, At A F IS AL SR B S R A OB A I S AR S SRR, R
AR RIEALATT A4 EEEEL, @15LT CRISPR/Cas A Loy k4L, L4t 2 AR %
FARRALEHARF., ILEIHFET L TARSKE L AL TEL, 5 CRISPR/Cas £ 48 % ARk )
FLRAEE T Jrak.
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Multiplex gene editing and regulation techniques based on
CRISPR/Cas system

FAN Xiangrui, WANG Junyan, LIANG Liya*, LIU Rongming

School of Bioengineering, Dalian University of Technology, Dalian 116000, Liaoning, China

Abstract: The CRISPR/Cas systems comprising the clustered regularly interspaced short
palindromic repeats (CRISPR) and its associated Cas protein is an acquired immune system unique
to archaea or bacteria. Since its development as a gene editing tool, it has rapidly become a popular
research direction in the field of synthetic biology due to its advantages of high efficiency,
precision, and versatility. This technique has since revolutionized the research of many fields
including life sciences, bioengineering technology, food science, and crop breeding. Currently, the
single gene editing and regulation techniques based on CRISPR/Cas systems have been increasingly
improved, but challenges still exist in the multiplex gene editing and regulation. This review
focuses on the development and application of multiplex gene editing and regulation techniques
based on the CRISPR/Cas systems, and summarizes the techniques for multiplex gene editing or
regulation within a single cell or within a cell population. This includes the multiplex gene editing
techniques developed based on the CRISPR/Cas systems with double-strand breaks; or with
single-strand breaks; or with multiple gene regulation techniques, etc. These works have enriched
the tools for the multiplex gene editing and regulation and contributed to the application of
CRISPR/Cas systems in the multiple fields.

Keywords: CRISPR/Cas; CRISPR-enabled trackable genome engineering (CREATE) technology;
base editors; prime editors; CRISPR activation; CRISPR interference

CRISPR/Cas 2 EAFAAET M B4R effector nuclease, TALENs) 45445 () 1k K 25 48
R I — Rt e 2ol M TRHERZIR ik, 3T CRISPR/Cas R MRS BY YI1EH
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AR T T HME FE RO AR , 3 H E S Ae e
Yy KW shi R RGN AR S Tz A
HAl, #F CRISPR/Cas &G & HIFH A T H
ERHmR K R, NHELEgED | 3
DR 750 DR A P 2 g 4% 1 OV 468 A sk
BT HEREARBA U RS

JEF CRISPR/Cas Z 4t T & 1 3 [F 4 455 1)
T H, FEELENZE CRISPR-Cas R G751
A, 5 Caso"!, Casl2a/b/c!'® }z Casl3a/b/c!'!
4 ARJET 12% CRISPR/Cas 24075 B gty 221
EARPNZEARNE R EEER, 12
CRISPR/Cas 74t H 5 2 4 ith B> 8 11 RV AT X411
R DR b A Pk B B4 R oS A B DU R
B )2 33 DNA XU W24 (double-strand breaks,
DSB), fil &tk A &S 5EE, XFBEENRY
FEEIERIRA L UK IR A, HEATLLGE
o R E R B0 S AR sE BURS s 21 B,
WX CRISPR/Cas RGPk Mgk, © &7t
BT — RGN g 5 T, il gm R
#%(base editor, BE)!'*'7) 4 S 445 2% (prime editor,
PE)!"*" | J£F CRISPR/Cas Z 4t () 5 K 91 il
(CRISPR interference, CRISPRi)*” #i1 3t F
CRISPR/Cas 41515 (CRISPR activation,
CRISPRa)*'"4: 1 #L LT CRISPR/Cas 45 ) 5
PRl 2 i 5 R4 1 L L A B R W 2 SR AR A
B TTZNA, AmEE Y TR AYE
RNV FI S B A R T AP AR A
SR, T CRISPR/Cas &G & LK gl 5
PE T AR 22 i R i R A O TR AT SR A
FERE PRI, JUHOR A B2 S R 4R 5 R AR 12K
KRS DL AR R S T Y Bl A
=ARIMFE AR DNA A AR B AW & R L
St BN B e A 2R N, 2
DR 2 5 5 T T R 5 R S R T AR T . AR
SCXIETF CRISPR/Cas F 4t 11 2 55 5L R 44 58
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FEHAR B A T S A S R AT T RS A .
LR SE T AE 2 i J# T CRISPR/Cas R4LTE
ZEENFBESAEFMNH, IFH
CRISPR/Cas R GLTEZ A4 W AR T 8%

b
UARG:/NS)

1 #F CRISPR/Cas % 53 iy W 4%
WIRNZEXFRBEBEA

1.1 ET CRISPR/Cas Z % hY 5 400 %2 {1
RYmiE

T CRISPR/Cas ZR 4t K5 M 4w ad A2,
DNA WHEEHATHI VG TE A 835 #ME DNA F
BEHVE R BEAT R R B 40 % DNA BUBE A 71K
i TEEANEY) )T, Bao 2R R
(Saccharomyces cerevisiae) il il H i 123 Xf Cas9 25
M (D147Y 1 PALIT). Bk &40 LI R 3s 5%
AR AL B ST T —Fhon] SE I s R R R A
CRISPR J K 4 # $7 K (homology-integrated
CRISPR, HI-CRISPR), Wt 5kl LRI 3 4~
ST R o 1% R G5 22 3 N R PR AN 5 Bk
F5 DUBUSIE Fb , DR AT LA 3 386 i 5% 73 st () 42 55
MR . A HI-CRISPR £R¥E5: 4 d J=,
BLINSEEL T X 3 AN B A [ ) R | PRt oy
BIA 27%. 75%F1 80%; i FH [FIAE A AR RE 77
6dJ5, H 3R R AR RIS 100%,
Jo 2 R A e L TR BB AR . Xie 2P TF
T — RS g DR 2 g e TR, R AR )
ESEPLE Y tRNA-gRNA FESHZE G L T —
A TETE RNA AbBE R S0 i 106 (RNA Fl gRNA
FRIBTE L S22 275, FII AR H1 Y RNase
PUI (RNA JF#EA 7Y, GEAE [FII - A4 25 5
PESR A HFRFESIE) gRNA, #EM2051515 Cas9
HIXTHE DNA T UE], 34t T —FhEAE )
R EA T 2o TR i ) T B . Hi, FEOK
b ] DRI ) 4 AN BEPRA7e, G AR miBR 2
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RN 4%20%. TEFEARZAY I, Jiang FEPE
KW E (Escherichia coli)"P i 3 151155 4 X
FkL R4, A SEIRIEEE X 3 AN B ER , JFH
et L AR S ) R, R A S I B Ay ik 25
W& Cas JBOkL, ff AMRA & A AEMIBORL, A F] T
PR TRRR I E— 25 i Zhang S5EPOM/E FRIT % B
HF T (RNA BEST R 5 2C, diad 2 48k AUl 5
BT 8 ML RN RRER o BRI, A IRZ
P BATE A [6] B 0 A e o 7 B4 B 22 A7 e A
SRR, W FLER v E 4E I B (Kluyveromyces
lactis)?7, DU EEBE(Ogataea polymorpha)™™ | Bt
oy P G R A% IR AT B (Corynebacterium
glutamicum)® | KAECR AR IECHSE, HE
2oL et B DR G B 3R T B AT L v i o i 7 A
ARG I RSN GGR 1),

CRISPR #H5&%% JiE fifi (CRISPR-associated
transposases, CASTs)*/ & CRISPR Jo4-7E #E Ak i
gl To7 S6REEFEhHE, DhEGEARRTAE i —

%=1 HTF CRISPR/Cas &ML EEFRIE
Table 1

M ERE, CASTs BEfS7E RNA AY5| S &
DNA %% e 3 H A6 A5 F 20 , 2019 4 Strecker
SO B JE F15 BE AY CASTs RGN T —Fhk
PRI AT H, AT R FAE R AR g4 7 2 D]
o FAMEAR, TERGF R ESE T 48 >0l 4
MR, Gt —FERE R G JSTE 29 LI )
THIAZEN, BEAEGRCRIBE] 60.4%. 2020 4F,
Zhang %EHPUEL T T CRISPR %R EH) £
$ D1 IEH 40 % 4 T H.(multicopy chromosomal

integration using CRISPR-associated transposases,

MUCICAT), M5 2 mT F A crRNA L[] 2
K20 B ITH, LRI B R 4 S
T 10 M ERFE N R # S, A, MUCICAT J7
Pl LA crRNA 451 49 5 kA7 2 3k R 4k
5B DNA A, NS B 1 % K AT B e R 41
B ASEE P TG, W 2 e el N-
2Tk A5 i (N-acetylglucosamine, GleNAc)/™ &
PEFHZ 11.59 g/L. 2021 4, Yang &R

Multiplex gene editing techniques based on CRISPR/Cas systems

CRISPR/Cas systems Number of the targets Editing efficiency (%) Organisms References

Prokaryotes
CRISPR/Cas9 4 loci 40 Escherichia coli [33]
CRISPR/Casl2a 3 loci 20 Escherichia coli [34]
CRISPR/Cas9 3 loci 100 Escherichia coli [25]
CRISPR/Casl2a 2 loci 75 Streptomyces coelicolor [35]
CRISPR/Cas9 3 loci 23 Corynebacterium glutamicum  [30]

Eukaryotes
CRISPR/Cas9 5 loci 33 Zebra fish [29]
Csy4 4 loci 96 Saccharomyces cerevisiae [36]
CRISPR/Cas9 8 loci 87 Saccharomyces cerevisiae [26]
CRISPR/Cas9 6 loci 65 Saccharomyces cerevisiae [37]
CRISPR/Casl12a 4 loci 85 Saccharomyces cerevisiae [38]
CRISPR/Cas9 3 loci 100 Saccharomyces cerevisiae [23]
CRISPR/Casl2a 9 loci <54 Rice [31]
CRISPR/Cas9 3 loci 30 Ogataea polymorpha [28]
CRISPR/Cas9 3 loci 2 Kluyveromyces lactis [27]
CRISPR/Cas12a 5 loci 40 HEK293T cells [32]
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BRI 28 & B M B (Pseudoalteromonas  translucida)
KMMS520 (% & 7% % I-F %! CRISPR %% Ji& iff
PtrCAST, SHZEGLIKE (Vibrio cholerae) Tn6677
I-F %! CRISPR %% JEfiff VchCAST 41 % 1E 58
CASTs, 43BIBELL 100% 25 32K AH L Y H i3
DU AT R G R B SCE R i 245 D1,

1.2 ETF CRISPR/Cas R A ATIEEREE

HmERR
Wang 27 2009 4EHF & 2 8 A 3L N

i’ T H.(multiplex automated genome engineering,
MAGE) £ A 0] DL7E 20 Ji A v 52 B 22 51 5 [N 9
B, AT LA R AT R R A A R B A
MAGE HiAR FE M T IEAZ LY 5 g, a0
Isaacs S5 il MAGE A K vh i 4
1EE 7 . MAGE R BEAR AT LASEEL
T 20 MR R4 v 20 e PR i, I 7 S X s 1 4
75 1 B 20 2 4 5 DXL 000 P A i X 35 DA s
HEATIB R o P36 BR A JE R i R R AT DS A
BT T 25 e 15 (barcode) E 47 46 1y A1) 1Y 15 3
Wy, BIAT S0 B R A PR Y ) —— X i, AR
M/ T AEXT B AR TR PR G R R A g A ]
%A o Warner 51E 2010 42 TF & T 3B £
JC H 41 $7 K (trackable multiplex recombineering,
TRMR), 38 12 75 8 o) B PR A A b3 &% T A%
WA ZE -G 07 15 (ribosomebinding site, RBS) F Bt &
FHF B EE 0 51 5T, 1 S0 3 R 5% S 1
VAR, FEEEA S R T BT S A R 2
J2 T ) B R SR YT, PR R Tk J AT aE
o R I 53 AR AR B I G 15 O
Garst 257 % 9 FEF CRISPR/Cas R4
A] B EE J K 4 45 £ K (CRISPR-enabled trackable
genome engineering, CREATE) J& — ff' 5t F
CRISPR/Cas Z 4t Y i i 2 52 56 [ G R 5 R
(¥l 1). CREATE 4 3 FiRiR%E, Hr 2 A4~k
HTFRiE Cas9 HEAM Ared EHA, H—1THT
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%%k CREATE £ [gRNA FI[A] i (homology arm,
HA)], Z>ZheeF oot e 1E F 52 90k HEE 7 1Y
FER iR A IR E 2 o Hod, {8 B B ik
1+ & DNA & ide AR, Al 523 ol & S i
CREATE &, DA 55 BL7E 40 IR )2 T % 221
R G AARFRAS, If B CREATE &%
TEFP BT AT DA 38 BR 5L K i %) DNA 2%
TS, FEREDR g LA DR R fe, R R X
DNA Z&JEAS A T 5 38 5 Pl 36 R 5 A 351
A5 ., AT LAIE A — Y ey 2 1 0 75 380 A e v
FE K gt 5 | A 98 AR BAR AR RS 0, R /b 138 B
R R B2 AR, A T B PR g o A i e A
T—FEA HTH T R, Garst ZY |l CREATE
BRI $E S T RT3 R A i 3242k o B
Ji Bassalo %" F] CREATE # A X} 2 W2 {5t
AR T 16 300 ARG R Be, X 22 IR 1) 4%
AR FE AT T IR AT Zheng ZE1VFIH
CREATE FISE50 % HIG W R AR & T RIGHT#
SRS (TR 32 1 5 Liu 500U ] CREATE $4 AR
SEELT X KM B 4 R AR N 45 1) 82 N JE PRI Ay
BN AR AN SR | i 5 A8 B RGP RRIEE 2R M
SIS T RN A2 A5 B T R RIKSE 3 e,
Jf ¥ CREATE 4 R 51 A 3| T AR B b
(Saccharomyces cerevisiae), X FE WEE: A Y
A Ja R R A T T 2 A G, PR TR
BEAE A RN 5 SRR E T BT 321
CREATE $i AR ff e 1 Z2 55 55 DK g A X
H R TC X & 47 CREATE £ i JBoRL EA TR 4%
HOCHE SR AR R g . BT XA B[R], Liu
A2 HF i T ] CREATE & BRI gRNA
T IR ARG 2 Cas B TR AR 3L R
gz )n, W PTHAIRES S FiR gRNA F
s, JEMEER CREATE &k, X— AU
I T CREATE Mk gniBid it — 42Tt
T HREMRMERIERENE , A ARPEFR 248 CRISPR
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Chromosome

CREATE cassette £|
Pl SPM

=

PAM
ACC GTATGG CAG CAG CTT TAT CAT

T Vv L a Q L Y H

ACG GTATGG CAG CAG CTT TAA CAT
T Vv L a a L * H

1 CREATE ##ARMEKREFEELLIRE
Figure 1

SRR AT I8 BE Y 3 R 41 T FE (iterative CRISPR
enabled trackable genome engineering,
iCREATE)., N T 31F iCREATE 14 3E K 4 5L
2, ffi 1] iCREATE K425 KIGH ) 3- 324N
iRy, —3E 7T 13 %2 iCREATE. 7E7 7
iCREATE W', RiFR T 3-FR LN 3e Fril it ;

SRJG G TS 5 % iCREATE % 3-F2 H A R A it
T e I D B T LA R R4 JoT ) A e AT T AR
tb; 5 1 %8 iCREATE % KT # 4
SRR T T, e T KGR AT 3-
FRILTBR AN 21 . 4033 3L 13 %8 iCREATE i
JEAF BRI RRRE 3-FESE DI IR A 7 1 b kTR PR A
BT 57 fi5. Liu ZPLAH iCREATE T AR
HEE RS, 234548 iICREATE it 5
P R R LD A v 1 X B A AR RN A A R TR S
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1. Computer-aided
design and synthesis

2. Pooled amplification
and cloning

1 |
COCD |
3 Multiplexed
©O

1
4. Selective
enrichment
1
£,
5. Plasmid
sequencing and
¢ E; genome mapping
a2
£
E=log,(——)

(3.12)

Schematic diagram and workflow for CREATE strategy.

WA 58 DL R RTS8 7K At im0 iy it 52
P, e A5 3 — bk AT R S B Tl s S BR RS AT /K
A 7= 3-F2 3L N R (3-hydroxypropionic acid,
3-HP)RAERI MR, o 3-SR )™ &t L &R TR
PREES T 7 15,

2 #TF CRISPR/Cas 241y

2.1 ETWERERNZEER RIS
Komo 2" F N THGE ) Cas9 H )G
FE T i g WE B L 2 5 2% (cytosinebase  editor,
CBE) i1 [ I 04 B, 3 4 45 74+ (adenosinebase  editor,
ABE)!". B 3 g 4 R B B A LAY
sgRNA DLz iy ATk H AR B sk il Ul se o Y
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Cas9 (D10A, nCas9) [ 5 Jifd ms g i 22 iy 50
tRNA JiR WE R4 I 2 Bl 4 s i il & & 1, @ ad
sgRNA 55, N T M) Cas9 SEH AT LI ) H
¥ DNA fi, ZidBammEHSI T C-T 8¢
G-A BEE (A 2).

Wang % PO ] H] B 5 40 88 2% nCas9
(D10A)-AID [{ fk.i75 3 i M 17 1K 24 i (activation
induced cytidine deaminase, AID)|JF 4 T —Fl £
B H 3 A A R B AR A T g 4R T vk
(multiplex automated Corynebacterium
glutamicum base editing method, MACBETH), 7E

BATRBRRFF B SCBL T B RURN = A5 s5 G,
HAAEBCRY AR T 100%., 87.2%F1 23.3%.
JiAb, AR IR A B Y 3 N EE (odhA
pyk T 1dh AT G ERPE, 15 pyk A1 ldhA 3
RIGRAR A IR~ 5 T 3 fi5. Tong %Y
PR A& DSB 1B A% 1T IR B 2k 4 4R R ¢
(CRISPR-base editing system, CRISPR-BEST). i
i Csy4 (I-F % CRISPR #4204 iz 9 Y1) 1

CBE
nCas9

G G A ,
C U

Genomic DNA binding and opening deamination of
target C and nicking of opposite strand

ABE

. T
5' 3' SY
A

Genomic DNA binding and opening deamination of
target A and nicking of opposite strand

nCas9

I

2 CBE 1 ABE { T{E/RIE
Figure 2 Schematic diagrams of CBE and ABE.
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Cas6) P B 37 5 4> B4 110 3-spacer sgRNA [
G, % BES RE S R ) BE R T T 3 M A K
JL[H#% (biosynthetic gene clusters, BGCs)F) 5
LR ST X SCO5087,SC0O3230 Fil SCO5892
X3 AR R e, Hor, SCO5087 F
SCO5892 1 4 # % H K F| T 100% , {H &
SCO3230 Mm% HA 33%. Banno &M
PRUEIE DNA AL B4 ) 55 (uracil glycosylase
UGD) fil LVA #r 2 (J¥ 41 K
AANDENYALVA #2715 B f#AR25) 5 dCas-
CDA (Petromyzon marinus cytosine deaminase
PmCDAI1, CDA)MZE A, FF &k T 08 JE i iE %
dCas-CDA-UL, i HS5EE 2 ARKER
sgRNA ik FIT I L T sgRNA F ik ki 4l &l
L 28 TR AT & R B 2R 6 A7 mi o
Davis 255 17 tRNA-gRNA (4 JF L T —
BT B R R L i S A ABESe, IR T i 22
1 2 AR B is i 284K (adeno-associated virus,
AAV ) 12 i i s W 0 5 G 6 4 114 R0, 30

inhibitor,

UGI

—

T

c .
3’ 3

51
G
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gRNA 5 s tRNA FF & B K2 R EE Y, 52
BT AE— Bk AT DARIS A 20> gRNA i
172 3N gmtE 3T N TEE RNA ZbBE R 45, Yuan
2575 1 %3 hCIRNA (75 nt N 2E2F & R
tRNA), JFAFETHEAI%E (RNA-gRNA 551 1)
DAP %244 (drive-and-process architectures), Ff7E
nCas9 (D10A)AY N ¥ifili4 TadA-8e (VI06W)-
IxUGI-hA3A (YI30F) it AL, Ik 13T
nCas9 1% XU 2 i Bl L 4 5 4% (A-to-G and C-to-T
multiplex editor, ACME). ¥ 2 4~ 16 >3 [H JAE 4
415 ACME #HZ5 G, fTEANKRAEh Sl 7 26
B 2 45 (multiple base-editing, MBE), H:f 4w
WAL AR 31 A, FHgmE RIS E
51.3%+11.5%.
22 ETAESHERNZERRRIE

Se 5 4 B 4% (prime  editor, PE) 1% ¥ & H
Anzalone 258 & i —Fh LR 4 T (A 3).

PE pegRNA

nCas9

=—

Hybridization of primer-binding
site in pegRNA to PAM strand

Reverse transcriptase

repair

m«—w

3 Prime editor B9 T{E/ETE

Figure 3 Schematic diagram of prime editor.
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PE 7] DASEEE DNA R Berdddi A . MIBR LA K 12 Fif
Bl I e P A F A e AN BG40 ) . PE 2 bl %0
IR, —F 43 J& pegRNA (prime editing guide
RNA, 7E sgRNA3' R4 IT—B RNA JF41, %
FP AL & 51 2 A i DL R s A B bR i )y
G (3 5 SRR ), o5 — 43 JE il 25 I [nCas9
(HBA0A) 1 A S il W 38 43 () Rl 15 B 1 ] o LA
JE 3R nCas9 (H840A)FE pegRNA (5] 5 T 47
# DNA BERIYIE], pegRNA3 S 15| M1 45 G0 o5,
5K DNA B EAMNTIIESE &, Z )55
SEMV pegRNA I (1350 56 SRR E 1 74% 5% , DNA
WU 28 o) G 22 I S S — BB & ) DNA B
B, BRI HARRAERY 3'flap MIASHE H AR A4S
) 5'flap, E AR TE N VIEGUIRR LA B S
25 B A S IR T G
PE ({31 [ RE 11K gRNA 114 3 35258 57 3| [
il , FHAE 22 55 I R g 48y T A U AT T o it

5!

Reverse
transcription

3" flap
5 3’
F 5'

S'flap

cleavage Flap
equilibration
Ligation
5" flap
5 3
3 >
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. tRNA-gRNA RSB, AL B2 5L H 9w
P T RIFAY & . Yuan 257 hCIRNA 4y
A5 BT gRNA (nicking gRNA)FI pegRNA 414
T SIS I BN 1 A5 G 1 ER IR 254, e e —
A~ hCtRNA-M [%51 4% 6 4~ gRNA, 4 2 4>
gRNA ¥ —ANJEH, SCEXT HEK3. RNF2 Al
FANCF 7ENHY 3 AR A 4. T tRNA
MR FRHITP BT ORES, tRNA JF5IHY 5
ISP A — &R S TE pegRNA JP4I1 3/
FEMIES], HATHAE T hCtRNA-M F41 F iy
gRNA FHHERT XS N7 1) i A07 i FANCF R 4R
SRR RCK . oA T # 5 HEK3 fil RNF2 A9 % 45
R, DASEOE 3 MO Rl | s B G
WFE N BITE SIS HIA 3 GE {1751 2 (B4 A
T —B T8 o Tz e e a0 — iR 4
1EFFH, IMRHAT T T tRNA 1 55 S 751
B BH 5 | B R DR G 4 AR R AR AR i A o ik ok
O, ST 3 AR A R g, I
ERBCRA A F] 39.1%+0.4% . 57.5%+2.3% M
36.1%+2.1%.

DNA targeting

4 CRISPRi 1 CRISPRa By T{E/RIE

Figure 4 Schematic diagram of CRISPRi and CRISPRa.
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3 #TF CRISPR/Cas 241 %
FERAEHBEEHEA

CRISPR 4% CRISPR activation, CRISPRa)
1 CRISPR I il P'((CRISPR interference or
inhibition, CRISPRa)-& 4| dCas (dead-Cas)# [
(Cas & M B RR HFA5 43 HNH F1 RuvC R4,
O T AL TR A I R ) A% S s (40 VP64)
s BB 25 F (A KRAB)RI & (18] 4), did 25
A AS [R] ) B8 S XS DR 1) Rk A Tl T
JET CRISPR/Cas RSt Y1 14 R CRISPRa
FlI CRISPRi TE AR I AN 235 | e XUBE B 4 T
2L, N FAMEEVER) , AR SRy T A
AR BINFHET R (R 2),
3.1 ETF CRISPR/Cas R4S EEEHIH

FE A2 2 B LA 7 16, Reis 2507
ERAF R EL I EATELZRN gRNA 751
(extra-long sgRNA arrays, ELSAs), [F]BJSCEE T
Xt 9 ARl e AR, LA
M ENEITEM T gRNA B shfbiit, ik

Transcription repressor

Effector

) Transcription activator

Genome

 — |

Regulation
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%2 ET CRISPR/Cas R4 Z EFITHRLE

Table 2 Multiplex regulation techniques based on CRISPR/Cas systems

CRISPR/Cas systems Number of the genes Regulation efficiencies (%) Organisms References
CRISPRi
CRISPR/Cas9 9 85-100 Escherichia coli [59]
CRISPR/Cas9 3 75-95 Yeast [60]
CRISPR/Cas9 4 60-90 Streptomyces [61]
CRISPR/Cas9 6 - Synechocystis [62]
CRISPR/Casl12a 4 - Escherichia coli [63]
CRISPR/Cas12a 10 40-80 Human [64]
CRISPRa
CRISPR/Cas9 4 55-85 Mice [65]
CRISPR/Cas9 3 - Escherichia coli 6
CRISPR/Cas9 3 — Saccharomyces cerevisiae  [67]

—: No relevant data.
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