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Application and Comparison of CRISPR-Cas9 System and CRISPR-Cpf1
System in Multigenome Editing
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(National Engineering Laboratory for Tree Breeding, NDRC, Key Laboratory of Genetics and Breeding in Forest Trees and
Ornamental Plants, MOE, College of Biological Sciences and Biotechnology, Beijing Forestry University, Beijing 100083, China)

Abstract Gene editing technology is a kind of technology that introduces nucleic acid sequence changes
into gene target, which has been widely used in biology, basic medicine and other fields. With the deepening of the
research on CRISPR system, the multiple gene editing technology using Cas9 protein has developed rapidly. Sci-
entists have developed a variety of multiple gRNAs vector construction strategies relying on Cas9 protein, which
has realized multiple gene editing in various species. CRISPR-Cpf1 system is a new tool of gene editing technol-
ogy, which has greatly enriched the CRISPR/Cas system library. It not only further expands the selection range of

gene editing target sites, and causes less off-target effects, but also its molecular mechanism of action different from
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Cas9 protein confers it natural advantage in multiple gene editing, which has attracted extensive attention. In this

paper, we mainly introduced four construction strategies of multiple gene editing based on CRISPR-Cas9 system,

including Golden Gate Assembly, Multiplexed Lentiviral Expression Cassettes, Polycistronic-tRNA-Grna Cassettes,

Csy4-cleavable Cassettes, and CRISPR-Cpfl multi-gene editing technology. Meanwhile, we compare the character-

istics of CRISPR-Cas9 system and the CRISPR - Cpfl system, and expect to provide reference for the application

of multiple gene editing technology in the field of biological research.
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Fig.1 Golden Gate Assembly of CRISPR gRNA expression arrays for simultaneous targeting of

multiple genomic loci (modified from references [1,11])
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Fig.2 MLEC multiplex genome editing system (modified from reference [15])
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Fig.3 Csy4-Cleavable Cassettes multiplex genome editing system (modified from reference [22])
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Fig.4 PTG/Cas multiplex genome editing system (modified from references [22,24])

1 CRISPR/Cas9% EYi4E R G4Th 02 SRR LI
Table 1 Comparisons of 4 construction strategies of CRISPR/Cas9 multi-editing system

B

Disadvantages

SN JANTTIE A
Strategies Import methods ~ Advantages
Golden Gate Assembly Transfection

Programmability

Low time cost
Multiplexed Lentiviral Lentiviral
Expression Cassettes transfer cells in vivo
Csy4-Cleavable Cassettes Transfection Stability and efficiency

Suitable for different levels of construction assembly

Effective delivery of CRISPR/Cas system to infected

Each gRNA needs its own promoter

The design of sgRNA needs to consider
the exclusion of specific target sites

Each gRNA needs its own promoter

The package size of AAV carrier is limited
biosecurity issues

Need to co-transfect Cas9 protein

Using a single transcript to express multiple gRNAs

Polycistronic-tRNA-gRNA  Transfection

11
Cassettes cells

Utilizing endogenous tRNA processing systems in

Need to co-transfect Cas9 protein

Improve the transcription efficiency of promoter
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Table 2 The Comparisons between CRISPR-Cpfl and CRISPR-SpCas9 (modified from reference [22])
T H
ltem CRISPR-Cpfl CRISPR-SpCas9
Type CRISPR-Cas IIV-A type CRISPR-Cas II type
Structural domain RuvC and HNH nuclease domain RuvC-like domain
Protein size 1 200~1 300 amino acid 1 368 amino acid
Enzyme DNA and RNA endonuclease activity DNA endonuclease activity

Pre-crRNAprocessing
Terminal

Shear position

Off-target rate

Characteristics

RNase structural domain

Cohesive terminus

PAM downstream target DNA strand 23 bits and non-target strand
18 bits

Low

Wide range of applications, suitable for more difficult editing
species, such as Corynebacterium glutamate

Cpfl enzyme is smaller, easier to package and facilitate the

RNase I11
Blunt-ended DNA

PAM upstream 3 nucleotide lateral

Relatively high

The research is relatively thorough and has
been widely used in various fields

Prefer PAM sequences rich in G

construction of vector
Prefer the PAM sequence rich in T
TracrRNA is not required

Need tracrRNA

9 T $E = CRISPR & 4t ¥ 2k R 2H 2 4 200, B2
FNRZE 7 Z M7 BRI TR crRNASE =
FRGUNT R 20 1) G 4B 28R ), Bt IR LA ERNA, F)
J gRNA-RNA 5 4t 1] L4 = CRISPR-Cpf1 5 4t 4
Im] e 7J, F H 27w H R A6 Cpfl-gRNA R 4t B & 3
B G B0 2 2214 DL S R AR N R N & 1B ) R 4t
FIRNANN T 2 48 6 gRNATEAT 2508 19 7712, He ik
bR 2 R o T BAESR] F CpfL AT RR A B erRN AN T
WEHETIAL T & 73R IAsgRNA 712, 55 #Cpfl
BAKFHLL, & CpfI N & T crRNARES () 2% & F K]
YRR R E R . 20174F, S Ad FE A A5 Th i)
BRI R m AR REAE KRG R S ) 2 B R e
R RS AR, K2 120~21 bplh B
& 7 ¥l|(direct repeats, DR)522~24 bpJ#E A7 17
A7 5 FIDR-guide 5 0 B 4% H K, R F{E B30
IR By R AT 7 5 v Ak S IR 2 B DR R B, R R
1L 340%~75%, w3 m T Cpfl KIgmiB AR, % TAE
KRG 2 B DR e R AR AR AL 1 — ] B s R L

fife R LEE ) B R FATE AR TT M2 —. — B
PLK, BHEFANTAA R R R 40 h 4 5 7 kil B
TP EJCRISPR & 4t, AW th 78 FI=F'F R4, k1T
TARKI o 9, — 6 Z 40 BAT PRRE /N R,
DV iE FH TR e B AR B 1) BRIV YT . (HAVE X R
GUEWTT . GBS T RA 2 KR, B

RS — B2 H IR R 20164F, Kim%5F]
Digenome-seqill J¥* 77 %565 1E AsCpf1 A1 LbCpf1 £ 1 1)
BN o 45 R R, 5 CasOM EL, Cpfl it ¥E L fr
HH /D (LbCpf1 64N, AsCpfl 124N, TiCas9fit 15 1)
FNFEFIA ER902 A BEEAL i I HAECPTIA S
Bt B O] AT S g v, AR M AR P A R AN
BN B8 AR AR T70.1%, AR T X6 B2 A #E A7 A L )
indel 423, WX PIFICpf1aE A BEE RN A . {H
A7 BAFCRISPR-Cpf1/E A\ 2 A2 7= FE PRI 16 97 7
THI 75 BIHET N, XFF 2R G0 0045 5 DL AR S ARG )
FB IR 5T LA AT 2. CRISPR £ 45 A% O AE T 4%
P g 2 1 DA K sgRNA, 5t H AT I Fidt e, $2m R 4%
AR EME E 2 DLR k. (D)XT— B H FRDNA
JF 5, Bt ANCpfl 2y 145 & B LA X 8E B, 58 B
sEaUlEl. BARXFOTEA R, BE % RGN
AR, X T RGN RN T S
PE, HATEAMESLIL, B /ECas9 R G H AR £ Wt
FLEDL, ()% gRNAFEAT Wit AT TR —AN 8
RILFICRISPREE FHET Wi, B R AT R4uFL
gRNABIRE NN 5. I H, KocakZEhK gRNAS A
i TEE I 220 MX IR, 1L H B G &, BRUR LG
FHRNARCRRE”, UK TR 8L 5 2
SERIIR RIS, R-FATT DLTESEAT ST R, T E SR A7
MR-IJE 2 BH, BRI ER & T dmi e k. A
P, B AR AR5 IR IR 40 i, %% 21 AsCpf1
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LbCpf1 i P& AT LA ok 7] jf — gk 25 ¥ 45, ¢ Bl
DIIER T 85 20 45 ) P SR D ot R A v A
AR EL VG M, S5 R AB 1 sgRNAAA L, hp-sgRNAF]
FER T3 E 17550

B KCpfl H £ [H] Y5 4 AsCpfl FMILbCpf1 [ #E [r]
0 [, BP0 B S-TTTN-3'[{PAMIX. 45 A4 35 1 1 1) 3
W R FATRCRISPR-Cpfl & 4t B B J7 1) 2
—o BT, BRS8N 5 5 AR Ak 1)
75 AT Ak, 5 sk g A AR B, AsCpfl 28 4%
S542R/K607RF1S542R/K548V/N552R Jii v PL 43531 11
HIPAMIX ATYCVAITATVHIDNAFE S, I HAR &
TEVEME . 4 R 4 3 Bl B0 A 2 AT e 3R B, X e
AR B 0 R M R R, HLbCpf1 8 A
TEFIFE R IRAR A R I AR R A 25 5 A [ Ol )
2t A ACHE A A A AR S AR AR T — e it
J&, AT 53 5 5E 55 9848 T LbCpf1 2 1 124N FI3AN %
S FE R A7 5, $RAFLbCpf1(RR)FILLCpf1(RVR) %
AR, I BT A FHLbCpf1(RR) % A8 44 SE I ] 7K g
DR 2HL 1) Gt 65, 122 H0F 90 40 2 T CpfLAE A 40 28 (R 4 1)
GalRE . 7E ARG L, CpfUZ IR B 1 2 —
PR T2 EIE N g R P
SN DR R B L) LA . KleinstiverZ A 7T
K H AsCpf1 48 fkenAsCpfl, & E 4 FE 1 g’ i #E )y
o BFEZFAE Fstructure-guided & [ i TFE 1T T
1047 A B S B R U 1) A8 44, L E174R/S542R/
KS548RAZ AT LR 1] i ZPAMIX, 5] WITTYN(TTTN/
TTCN). VITV(ATTV/CTTV/GTTV)# TRTV(TATV/
TGTV). S5HE4 R AsCpfIAHLL, enAsCpf17E B A 45 i
TTTV PAMIAE mi b I RUA% e 1 22 K] 26 G 6 i
PE, 29T G T CpfUAZ BRI 1) 8 1) Y TR, 1w
TEHERI AR L
2.2.2 CRISPR-Cpfl & % £ 50 4 F 44 L A L
F W, CpfITE 32 R 41 4 48 A2 201, I HLCpfl
F R 1A G B8 25 A v 1 AsCpfL FILbC pf 1 25 [ #68
o HAE NSS40 T IDNA Y EEPEESS), o T
/N B, A Cpf B 3 R 9 77, KimZEPhKE AsCpfl
5 LbCpfl mRNAF A JHcrRNA B E 5 A C57BL/6J
/I B JEAZ A B R B B A 5 PR, 2 e T i B
FIFERER SR R, 45 R EIR, PR CpfIAZ IR ¥ ]
72/ N R R AR, IF kR RA 2 L7
RAZ/IN o AT UFSECpfITE IR L3I 41 i R 99 3)
WAL o A R PR AR 198 7E A F %, Zhang 07 R

FACpfI B AR B4 /)N, B 25 5 £, 2995 25 N DA I BE 5
HEN LA B R 1, T ok B AL RIS FRA RAE
(Duchenne muscular dystrophy, DMD) & 35 £F 4 41 ffy
(11155 5 £ BE T 41 R AIDMD 3 2 45 B mdx /s B, F1]
CRISPR-Cpf1 KA IR DMDA i 751 v ity BL 1 2% 11 %%
i, Seie g R oR, R B AR S 2 6t T2 A
O R IVE AR EARIESGE TEE, O
JULZH B RS 7049 203 5k [RIRE, FEmdx/N R AT &R,
i I CpfL A3 g B, /)N BRUVLE FRAS B AR g 21 A B
FREA B T OGS IRVE 2 A BAE F96
7 R S

223 CRISPR-Cpfl # 4t EAt4sF 695 1 CRISPR-
Cpfl2& —Fa 1 5t PR ) 5 R H o8 T AL, 1% R
G B ARRUN . B RCR = BRE R . Tang %50 A
T —MXRNAZK A BRI 3) 1R 18 R4, X KFER
3L K(OsPDS. OsDEPIAIOsROCS)H [R6/ 7 £
HEAT g4, 45 R B R, LbCpfl BE7E K FETO%E 3 [A 4
DR AN ST AE 55 DA 100% 11 REZR 7= A2 RS AL
BRI RAR . [FI, A& it 1 AsCpfI FILbCpf1£E
oL I H I R s ) S 58, R I miR 159b% 5% /K -
D T1065 0L b, BHIZ R G S A R i sl
filo JTAFR, B0 R DR 22 AV ) B, TEAMEDNA S
N IR D] 2 B T R K R SRk o KimA5PoR4g B 24
Cpfl & [ 5K &M s 8k 2 6 A SRR 7 P crRNA
— T I8 B K R AR R AR A b, RBE I
MR, E K S I EAD 255 2 [F)5 4 AN BT A 00 5
HIAOCTH LT EH R Ih 55 T R, IF HAE RS
i TRV 2H w7 A 1) I A AR A T B R 2 AR
FETRKY], Cpfl-celRNAKE SW] H T A 51 ANFhk
DNAJF 5| P AE Y 5 R 4H % . CRISPR/Cpfl & 4t 1)
R IENEY) Dy e B R A FE MR AR R 2 it 1 5
B TEA,

2.2.4 CRISPR-Cpfl 2 EMAM T EF  Yath
R R IR H B 45 R PR R A
TARFCpf1 55 SpCas9 7 B PG e RF 35k PR 2 11 2 45 2K
%, Verwaal 5 %45 3 Cpf1 E 7] [F 54 : AsCpfl.
LbCpfIAIFnCpf1, FH T~ HRIP B £ 1) 5 D8] 20 2 B AT 9T
S S5 R B R, IX S HE T Cpfl 1 R GERE NS 1 FH 5 T
UKL 28 1 A AR DN AT g 5 7725, 1o R0 HE L 7E
FRA T FAHEHADNA. H A LbCpfl FIFnCpfl i
i 5 CRISPR/Cas9 R G AH M M4 X%, 11 AsCpflZ
BRCREAC. P EEE KI, AsCpf1Fl LbCpfl
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X FL AR crRNA B A i P, I HIE B 46 B A
LbCpf1-crRNA R 1| ) 22 55 J [K 4H g 5577 1 B vt L
HIRe. XU TAESRE 7 AT FH T BRI P B 1 2k DR 41
G T HYu R R g RTE S P 1) S Al 2 12
W72 75 T CRAS T 22 R, (HAE — SRR IR i A= 4
I AER 4 20 R0 I 8 — L IR 5 RL 2 AT, 9 G e )
A FEAZ I R G 3B BCRAR T, X P I L2 K I 104E,
T RS T HA ST T N TR SE B A B Lb-
Cpf141 T 1) 5= [F] 41 4 5 250%, Ferenczi%6 il i 1 %5
FLHB4 #E [IRNP(ribonucleoprotein )i 6 21| 3¢ P4 A< 41 A,
B ) R BRFKS0645 & 2 . 45 3 5K, {4 F/JCRISPR-
LbCpfl RNPAHI L% 55 it A% H R (ssODN)/E NDNA
16 SRR AT DATE 3 14 A 88 HH HEA T A 28801 [ R
H 383 i ssODN £ 78 4 48 LU A AN F1 FHRNP S 48 4%
IR T Z15000%, TEANMZIE R AL, ToIR gn R
N0.1%~10.0%, 1A TR 2 4 K A2 A% E ik 16%, 1A
TN AL R A g B A 7 % . Cpfl =
B T CRISPRE &, MURE 1) w5 M R A Cpf L A
FEXT CasOH R B E AT

3 RE

B ULCpfl & 4t [ #E A= Lok, #t 8 3 & 3 1)
Th AR FYE IR 2, s Dyl 5] 1 At R H
Y. {HCas9 RG M AMKIBIR T H, BEEZATNH
WFFCREIR N, o T 3 ) S 5] A= 40 A o 4 8 5 s 1) i
PR . B AR A0 BB 5
ST P AN B SR AL R, Cas9 R SR IH £ 2 FH
TAEH WS —E . REFFTLERN, R RIE R
gRNATKCas9- - RAR AT LARSEAR — 2 1) i S XU, {H
J L 1 AR AR A 2T Cas9 R Gt M T % J1 L (K] 4
AR T B0 A 5%, B K M PR A T LA R A T TH
IS o T Cpf1 B A A (0 00 2R ) B3 1, w4 N
5Cas9Tfe BAMY Z HE RN gmir (A T R, H%E
FEE1Z R G0 PLI B R e, BHIF TAE# v LA R
5 %5 Cas9 R Gt (1) 233t 77 B Cpfl R AT 5638,
Tl 2 FEARAAR [ P S L i . 51 i 45 Cas9 R (1 PT
(PAM-interacting) £ #4 45 [ 503& 7 7%, W LAXS Cpfl £
A SRS HEAT B, AT LS % Casini&5 2 £ 1)
— ) 03 3 T ik 5 R R 7 126 10 SpCas 9 S AR 4k 1)
J7iE . Cpfl 2 GE (MR i e 2 7 vk 35 Hok e N 26 I AR
PR R T 5 T AT AR R BORIE 7T 78 R R f L i
o AHRMEZAEN FE R g i R GuHE IR R L 2

A, 3 5 AR 2 1) L, 4514 A e R, R e B RV
I H ) 22 A 1 DPA I 8 DA R AR B T T AR R A A
kL.

gk U A RIS I % H 383 AN AT - NS R 4
Y45 [ICRISPR-Cas12b R 4t, o IR T AR 5 % ik
3T iR EE R, M Hisashii 28 f A B 3R 18 - Us
13 Fbhcas12bR A8 ¥k, R I H b Cas9E A ¥ & 1Y
R PE, Z RGN AR K R SN B A . A
GARTOR R R B H 5, lan, el & il 1 5
Y R 164, R P B e SRR I G 4R 25 (cytosine
base editor, CBE) 1l i i HLER I 4 45 4% (adenine
base editors, ABE), 1] LL7E AN K R DNAXUEE (1) 15 1L
N, BT A A AT RS R B, SCILAE — R
P T 11 P T DN A R 1 E (C) 1) i i i e (T i 1 MR
W (G) 21| IRV 4 (A) 1) BB e 4 o BRI G B 4 R
B H B R R b A 1 R SR A 5 R o 48 P A 8 A Sl
RV, ABIX T AR 1 B 8RN 51 & 7R Az
IR, ARSI . X, il ek i PR 4 A
2 KR VA A I — U 7, A A L g
HEWE DL S AR AR B IR B bR IO AL STV, # RS G 4k
FHRIF PR S 5 R K. A LHMNEDNAT A
() J DR G B A, D] G R A 1 A 7 26 R A R AT R A
AR, AN 22 5 NAPRDNA, NI AT (e 58 i 4 S K] 22
LR, B N AZ R AR TR L —
AH15 B BE 22 FATT CRISPR R 48 A W R AT 58 3 DA
J At 2 R 2 ()38 T 50 %, R R g R ARG O A Ak
ST R A AR A
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