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wm E: A CRISPR/Cas9 ARARBRGERA LR THEX AR, Bk, S8 REFHFE, J2EATA
B 2 G6 AT A R AAR IAREFMAAR. HHER, CRISPR/Cas A % RWT M AE M Rt K I AL ik T 3
aﬁiklzlém:uﬂaﬁzt Wri@IL. CRISPR/Cpfl &% =k (V&) #% % -85l A B M4 CRISPR 2%, AT
CRISPR/Cas9 A& B %4 Z 4, a5 AR ST-PAM g £ R3gmAFNBEZ %5, BA LI 2 ARKE RSB ETRS
FIREAMG L FHS RS, KT, RAARMET B AERRMICK LN 3 AT F KRR CRISPR/Cpfl (AsCpfl.
FnCpfl #= LbCpfl) KA AR, h#FZHERT O REHAIRLE G LB BmHSP60 7= K& ATP B K 3% BmATAD3A #
B o #13% it ¥Fedr gRNA, MzE gHSP60-266R #= gATAD3A-346R K %84k, iBif TTEL Bedn oA A= T L& M
B, B2 34 Cpfl AR %4 &% AsCpfl. FnCpfl F= LbCpfl *+ e A7 B BmHSP60 #= BmATAD3A 9 %ir;ai%
) B, #) Al Western blotting 47 R Bl & B % 8 & 43R e A B & 27 £ BmATAD3A #= BmHSP60 & & #1569 %
AR ARAMIZET & CRISPR/Cpfl KA %B A%, B EREWCTARBBEREARA, 4 %%&*f&l#zab
R KB IR EEFTAFLT HEAREH 7.
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Abstract:
engineering due to its high efficiency, fast speed and convenience. Meanwhile, the discovery of novel CRISPR/Cas systems in

The CRISPR/Cas9 gene editing system has been widely used in basic research, gene therapy and genetic

the microbial community also accelerated the emergence of novel gene editing tools. CRISPR/Cpf1 is the second type (V type)
CRISPR system that can edit mammalian genome. Compared with the CRISPR/Cas9, CRISPR/Cpfl can use 5'T-PAM rich
region to increase the genome coverage, and has many advantages, such as sticky end of cleavage site and less homologous
recombination repair. Here we constructed three CRISPR/Cpfl (AsCpfl, FnCpfl and LbCpfl) expression vectors in silkworm
cells. We selected a highly conserved BmHSPG60 gene and an ATPase family BmATAD3A gene to design the target gRNA, and
constructed gHSP60-266 and gATAD3A-346 knockout vectors. The efficiency for editing the target genes BmATAD3A4 and
BmHSP60 by AsCpfl, FnCpfl and LbCpfl were analyzed by T7E1 analysis and T-clone sequencing. Moreover, the effects of
target gene knockout by different gene editing systems on the protein translation of BmHSP60 and BmATAD3A were analyzed by
Western blotting. We demonstrate the CRISPR/Cpfl gene editing system developed in this study could effectively edit the
silkworm genome, thus providing a novel method for silkworm gene function research, genetic engineering and genetic breeding.

Keywords: Bombyx mori, gene editing, CRISPR/Cpf1

FIL A 8] B B% 7% J 9] SCEE & 8 (Clustered
regularly interspaced short palindromic repeats,
CRISPR) &% tE W B R 20 N 1) — B L & P 471
CRISPR J¢ HAH G A% R (CRISPR associated,
Cas) sETEA AL IS, A0ER N T K ie 28 55
AP A A 1) L TRV o st T 2 A R 1 8 B fe 2
RY. Wiz RS, g ] LUTE SN B N
A A TR BE P 4, 25 A ] B A 5 RE DR AR G
ARG, A LUEMPIFISMEILRE , X2 m AT
HRHT N AR AL AR A S R4, B i
SR AT, SLE KM CRISPR/Cas RGN
328 1. IAIIZE, %5 128 CRISPR R%GiMR
YN Cas3, J& TR HEBEZ G ; 4 1126
CRISPR R GitrilitEE Ny Cas9, A KLIRMEHY
2 AMEEREL; SIS CRISPR REAREMEE AR
Cas10, HAIRERAWELL DAL IR IR A [R) I i 45
M, TEN AN T 75%2RE . T 40%R92E
HIHR A1 CRISPR/Cas %481, 3 AR [l 1K
BB AR, #12 CRISPR RGN0 3 12K
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A, HAp AR EMEE AR Cas9; VAR E
HEARE Casl2a; VIR FREEE AR Casl3a
(XFRHM C2c2). Casl3b il Cas13c*®,
CRISPR/Cas9 & PR g 47 A pl oy g FH F i 7.
SR g LR, fERE R P sy T
NGRS, Tz TFREGERIE ., 2
g A 0 S o R A i A e e T
CRISPR/Cas9 1) PAM J¥4 ) NGG, HEFHE &
RZM, EASFRMTEKR (FE 150 kDa L 1),
YIFIOE SO R u ) E, B2 5 MR FO bR 7 5 55
— R A8, 38 U] B R ) SR A TR G
AR B CRISPR i PH 41 4 4 i1 JCHUAE 1 i A
BAR B P & 8, 5T I it . 8 4L 4%
ARSI D RE A SE R 4l RGN EE, WnV-A A
A G AT A EF RNA (trans-activating RNA,
tractRNA), 1] Ul feff F B — b 25 (%) [a] B )5 41 #0350
4y 5 ¥ %] RNA (CRISPR RNA, crRNA) 1E i
FALEEVIE DNA /) Cpfl R4E, T5THIT crRNA I
T AL P)E RNA B92EFIVI-A 20N 4% Casl3a R
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BisE Cpfl /&N Cas9 RGBT/, GitE &
% W TR B AR N DD , BB B 25 5 a2F A At i v 48 2l
FEFRILIN, MIHCTF CRISPR/Cas9 J:[H 4t R4t
CRISPR/Cpfl HFF% crRNA 15| H i DNA JEY),
M CRISPR/Cas9 T2 AE crRNA Fl tracrRNA FE[A]
VEFIF A fe45 4 #4%; CRISPR/Cpfl iH4If) PAM
¥4I F1 CRISPR/Cas9 As[ii], CRISPR/Cpfl & 75 PAM
ST pAIE LA P B 358 5 CRISPR/Cas9
AR ETYI, M CRISPR/Cpfl B4 HE DNA
SERTEAR SR, SANES ) &A= [R5 E 2 1 52 R
ASHEFRIF ] ; CRISPR/Cpfl 48 B i & — MBI IR
fiti (Ribonuclease, RNase), J&HA 75455 15
i S W AZ R [ (Deoxyribonuclease, DNase) il
RNase T — 5 MR, AEA% [FIETHE 0 FT{& RNA
F DNABB4 3 Cpfl S 4l RS 0% L
s, ARHRERETHET 3 DAFERER
Cpfl (AsCpfl .FnCpfl Fl LbCpfl) k& [H 4 5 2044
PIFZ BmATAD3A 1 BmHSP60 - g $8 47 3 A
Wi gRNA T4, M AN FR IR R A& Cpfl JEH
i 2R 0 SR RO AR T R AR, PEAG I
TERBE RN FMAE, I RESLEH DRI 5E K
A 3 AL o R AF T SRR 7 ) SE R AR R

1 #RE5FE

1.1 REHMKER
FHRIWEAMZR (BmN-SWU1) N TUE K
F A I A A )2 1 R T S S M R A7

*1 KRB
Table 1 Primers used in this study

1.2 HAME

i 17 CRISPR 7E £k 1% 11 M ¥ : https://crispr.cos.
uni-heidelberg.de/index.html, i1 CRIPSR/Cpfl
KN g RS HEFR gRNA, [AINEHE AsCpfl .
FnCpfl #il LbCpfl R4H PAM J¥41 K TTTN ik
ik, LA U6-sgRNA A W, FiFs14.
U6F (Bgl 1), Ti#514¥: gHSP60-266R (Bgl 1)
Fl gATAD3A-346R (Bgl 11) #EA79 14, PCR =¥y
i #] pSL1180 # & Ik, # & pSL1180-U6-
gHSP60-266 F1 pSL1180-U6-gATAD3A-346. 7E
Addgene A 5] 3K pcDNA3.1-AsCpfl ,pcDNA3.1-
FnCpfl I pcDNA3.1-LbCpfl H: K giba ik , SR )5
435 BamH 1T F Kpn T SV %85 pSL1180-
OplIE2-OpIE2-PA #f& I, 3k15 pSL1180-OpIE2°™-
AsCpf1-OpIE2-PA . pSL1180- OpIE2"™-FnCpfl-
OpIE2-PA #il pSL1180-OpIE2"™- LbCpfl-OpIE2-PA
FER AR EAR, WFIIEE (EH. AU
SR 1.,

1.3 ®RERK

IEH R SR, $EATTE 24 FLACRET BIR K,
TGS A IE, SRR iR 80k 48 h )&
BREEFRIE, A 200 pL 4%K9 2 R, #5E5 [H
15 min, WA 1 mL BY IxBERRZE mh3h s ik
(Phosphate buffer saline, PBS) 7EHEIR FiEEE 3 IX,
YK 5 min; FEHIA 200 puL #Y 1% Triton X-100,
EF B 10 ming ] PBS 221878 3 Ik, AKX
5min; fiIIA 200 pL EHHW (% 10%F I F1 3%

Primer names

Primer sequences (5'-3")

U6 F-Bgl I
gHSP60-266R (Bgl 11)

GAAGATCTAGGTTATGTAGTACACATT
GAAGATCTAAAAAAGAACATCGGTGCTAAGTTAGTACATCTACAAGAGTAGAAATTA

CACTTGTAGAGCACGATATTTTGT

gATAD3A-346R (Bgl 11)

GAAGATCTAAAAAATACAGGAAGAAACAAAACAGCACATCTACAAGAGTAGAAATT

ACACTTGTAGAGCACGATATTTTGT

HSP60-1F
HSP60-483R
ATAD3A-197F
ATAD3A-1499R

GTTAGCAGATATGGTAGCTACTTGTGCG
TACATCAGCGCCAAACCTCACATC
TTTATACTTTCTAGAATAGTAACTC
TCAGATGCTGGTTGCAGAAC

http://journals.im.ac.cn/cjben
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BSA), 1£ 37 CHH 1 h J5; fIA 200 pL A7 &
JAEEIMEEZR (Human influenza virushemagglutinin,
HA) Hif& (1:200), 7637 CHE 1 h, 7EFEK L
JH PBS #1856 UE 6 X, HFIK 5 min; #EGIIA
200 pL Alexa Fluor 488 #nic AY Ll - Hi /) B
(1:1000), 37 ‘C{EIE 1 h, I PBS fEFEIK 2%
MW VE 6 U, BRIK 5 min; FHIME -, EDOE
RN MBS BUR R IR DL
1.4 T7E1 B§Y1 54

PR YL 48 h JE SN, HLHEAS TR i
P AL E, A RIE RTS8, DALY
FEH4 DNA Mt T PCR, 4350 [ElIE PCR
R, H 2 ABR RN T7TEL MRS s
A ZE Wk i K g 18 B R = R KT A
0.5 uL T7E1; 7£ 37 CE:FE41EFE 30 min, JIA
Ix RS vh W (Loading buffer) 7& 4 J&@ ¥
65 ‘CIFHE 10 min; JH 2%A% W2 KA

1.5 Western blotting 53 4T

W R YL DR R B AR A AR i L 13 000% g
B0 10 min, SRR FIEI, EAIRDTRETIA
AR (R ERTBESR (Phenylmethylsulfonyl
fluoride, PMSF)/% &I (Immunoprecipitation,
1P) 24if#ii=1/100), 7EUK EZ# 30 min, FHAIA
5x+ ZHe SRR AN R N AT BEEHLIK (Sodium
dodecyl sulfate polyacrylamide gel electrophoresis,
SDS-PAGE) [FAEZEIAE, ik 10 min, 13 000xg
B0 10 min; HEEAR, RIGHKF B HET
HLYk,, MRPEE AbRIC (Marker) 3§78 58 U 15
B BRI IO (Polyvinylidene fluoride,
PVDF) i, fEMEEHERIE 30s f7, Tl fiAk
Bk h#E 2-3 min, BCF &K ST
PVDF & b, TESRERE R LI, TEREIR 5P
W2 HEEHE 1 h; A —PUR G HA 358 40
MIAZ T JE  (Proliferating cell nuclear antigen,
PCNA) il 40/ BB e REPUIA , S & M
(Tubulin) MILEHRBTRESUA, HBWAE =

. 010-64807509

FKAEYFARAGRRAF, 11 2000), 18#EZHE 1h;
FH =7 WS 2 0 P e 2 o i W Pk 3R (Tris
Buffer Solution Tween, TBST) WUk 6 I, ik
5 min; RS IMAZHURAG W (KLBFIh 11 5000),
P BB 1 h; JH TBST iUk 6 ¥, UK 5 min;
TEBESCAUNAR -

2 HRGH

2.1 Z%&E AsCpfl. FnCpfl 1 LbCpfl Fix
HAMEREE

NTEREMM RS, Cpfl SR 4 R
%, AW Addgene [ARTSHRIE T 2 FLBR ER
&1 Cpfl (Acidaminococcus Cpfl, AsCpfl),
9B 2 VAT A9 Cpfl (Francisella novicida Cpfl,
FnCpfl) FIEIRFE B Cpfl (Lachnospiraceae
Cpfl, LbCpfl1)H) Cpf FRHEZMA . M 3 4~ Cpfl
EEHFH, Skt B —1~ OplE2 J& 8+ 3 sl
OplE2-polyA % EWRIBMERIE Cpfl HERH
(B 1A). FATRIBT R EE T —A> U6 Ja shFJa sh i)
gRNA JF#51, B TTTTTT & 15540k (K 1A).
R TR PR A ) 2R A R A A R A AN g R
R, AWEFEE S8 Cpfl JE DK g 48 484k
£ BmN-SWU1 NIRIXTEA, ¥ AsCpfl.
FnCpfl Fl LbCpfl #ik, 45| BmN-SWU1 ZH
J b iEFR 48 hJE, MR ZOEHAR I
S A pSL1180-OpIE2P™-AsCpf1-OplE2-PA .
pSL1180-OpIE2P™-FnCpfl-OplE2-PA i
pSL1180-OpIE2"™-LbCpfl1-OpIE2-PA #] LL7E
BmN-SWUI #ififg %Kik (B 1B). ¥4t 48 h /5
WA 20 R 1, 3 e 2 A A A T 3k
H Gy B A A% B 1 BT, 3 E AN M AR B A
PCNA TEAMAZ NG B, IF HAEAIMIR% N Rk,
PCNA HAMAENBEANSEND, MEED
Tubulin 7EAHMIBTH RIL, ATEAfIRZ R, W]
YERAIE N ZE M. FIH Western blotting 73
Mr AsCpfl. FnCpfl Fl LbCpfl & EKEEN,

B: cjb@im.ac.cn
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A CRISPR/Cpf1 expression vector NSL

3xHA

U6-gRNA expression vector

1T

~

““PAM oy
5TTTN

3’ sense strand

3'AAAN Protospacer _ 3+ 5" anti-sense strand
5?

AsCpfl FnCpfl LbCpfl

C Mock AsCpfl FnCpfl LbCpfl

EE— SE—— ey | o-HA

D S e . (o

o-tubulin

B 1 X% AsCpfl. FnCpfl 1 LbCpfl RizFHAMEINLE

Fig. 1 Construction of the AsCpfl, FnCpfl and LbCpfl expression vector (A) and identification of AsCpfl, FnCpfl and
LbCpfl protein expression by immunofluorescence (B). Green represents the expression level of Cpfl (Ruler: 2 mm). (C)
Western blotting analysis of AsCpfl, FnCpfl and LbCpfl protein expression in the nucleus. HA tag represents the
expression level of Cpfl, PCNA represents the expression level of nuclear reference protein, tubulin represents the
expression level of reference protein in cytoplasm.

gER R, AsCpfl, FnCpfl Al LbCpfl ¥nJ LIl 2.2 T7E1BS{14 E CRISPR/Cpfl REEEE %
it HA FRERINE], NS EN PCNA /L X

Fik, MHFENSEN Tubulin BIAREKIL, T 5B R G R R AR B g AR R DB R
I H 34~ Cpfl B A EAN IR N B K/ NFIF — & BmATAD3A F1 BnHSP60 FAGEARILA | i1
%, "THTFRESERNREHR (B 10). BN BRI R FRIBEAAR AsCpfl, FnCpfl F

http://journals.im.ac.cn/cjben
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LbCpfl, 45| F1#EFR gHSP60 F1 gATAD3A HL[v]
EEYLUNNT, 48 h i USCHR e Ul i A B M R A BRI
g, FI BRSPS ) 5 T G R SR
G ] TTE1 R N VDB 548 | S I A
BC i) DNA . %R JKE5 R Box . ¥ 5 h
BmATAD3A F1 BmHSP6 W}, W[ DL B & 46 i )

2.3 T mEMNFESH CRISPR/Cpfl £ E4wiE

T #2431 AsCpfl. FnCpfl 1 LbCpfl
5 DR G i 2 A X OB S TR A s ), AR I Y B U
YR Z LN, PCR ¥ BEEEFRFS, T wls)s,
PEAFIF 0T o HEXHI P25 5 2 B, BmATAD3A F

BmHSP60 $E PR 3/ ) 51 AR KGN B % BmATAD3A
M BmHSP60 R #ATE R G I 5 . Hrp e
BmATAD3A R BFEHLIERERT 10 AN 745 K

R 2 DI RS R MRRIS, 2 4
A BLR R BAf AR LS (K 3A). [FIFEHL, 75

AsCpfl. FnCpfl 1 LbCpfl HI £ & A B KEA
[ BTYI 4 (- 2A F1 2B), 1% EZH WT o H
For i 2] B — 450 . DL B 25 R, AsCpfl ., FnCpfl
- LbCpfl H [H gt 8 25 1K fig 08 4 48 40 45 JE H
BmATAD3A H BmHSP60.,

<1 153 bp

2 T7E1 B§Y]4E CRISPR/Cpfl RGEER HIFHE
Fig. 2 Identification of gene editing efficiency of CRISPR/Cpfl system by T7E1 digestion. Gene editing efficiency of
BmATAD34 (A) and BmHSP60 (B).

A PAM gATAD3A target site
WT 5"-CTTGGTATTGAGCTCTCATTTGTTTGGTGCTGTTTTGTTTCTTCCTGTAATGTTTTTCG
Deletion 5-CTTGGTATTGAGCTCTCATTTGTTTGGTGCTGTTTTGTTTCTTCCTGTAAA- - TG-TT-G - - - (2-8 bp deletion)
Deletion 5-CTTGGTATTGAGCTCTCATTTGTTTGGTGCTGTTTTGTTTCTTCCT-98 bp-ACCTGTAATGT-(98 bp insert)
Deletion 5-CCTATGGGCAATCATGTGATTGTTTGGTGCTGTTTTGTTTCTTCCTGTAATGTTTTTCG - - - (mutation)

B PAM gHSP60 target site
WwT 5'-CTCGTTAGTATTATTAGCTACGTTTTGTACTAACTTAGCACCGATGTTCTGGAACTTATC-3'
Deletion 5'-CTCGTTAGTATTATTGC- - CCCTTTTGTACTAACTTAGCACCGATGTTCTGGAAAA--ACCCT-3' (19-47 bp insert)
Deletion 5-TTAGTGTAATTTCTACTTGTGTTTTTGTACTAACTTAGCACCGATGTTCTGGAATCTATC-3'(insert and mutation)

Deletion 5-CTCGTTGGTATTATTAGCTACGTTTTGTACTAACTTAGCACCGATGTTCTGGAACTTATC- 3'(mutation)
Deletion 5'-CTCGTTGGTATTATTAGCTACGTTTTGTACTAACTTAGCACCGATGTTCTGGA- - TTCTA-3'(deletion)

3 MF4S 4 CRISPR/Cpfl EEFIERFEEBBRME
Fig. 3 Analysis of gene knockout efficiency of CRISPR/Cpfl gene editing system by sequencing. Gene knockout
efficiency of BmATAD3A (A) and BmHSP60 (B).

: 010-64807509 B: cjb@im.ac.cn



4348 ISSN 1000-3061 CN 11-1998/Q A#) T.#22%4 Chin J Biotech

BmHSP60 FPIMIFFH) 10 DEERT, WAL 4 M5
RARBFERAL | BRAR B ARIBLZR (K 3B).

2.4 Western blotting 747 AsCpfl. FnCpfl
# LbCpfl REXMLEREFEHRIL

;9 T i€ AsCpfl. FnCpfl 1 LbCpfl K& [ 4
RGN A AEEOR , B AsCpfl, FnCpfl
il LbCpfl 5 gHSP60 Fl gATAD3A Fik#k A4St [F]
e BmN-SWU1 #1, 48 h 5 WEER YL 1 B
1, #]H Western blotting A0 AH 1 25 [ B9 15 37
KEAEAE, L Tubulin A AN S EA . FIH
imagel] AR UK EE(E, HXT 2 Mock 1Y
BARKKEMEBR N 1o HA LI ATAD3A &
& AsCpfl. FnCpfl #l LbCpfl F %8 11K (i
B 0.58. 0.51 Fl 0.62, 3 4> Cpfl RSN
ATAD3A HEABFKE EATHEFL; 3 4FR
i rh HSP60 £ 111K FEAE 43 30k 22 0.63 . 0.62
0.72, 34~ Cpfl RGEH HSP60 & [ 7 35 B A 1Y
W (Bl 4). DL EZSRBEH], AsCpfl. FnCpfl il
LbCpfl I [H g R G X #LHL [ BmATAD3A4
BmHSP60 FLA /N6 F2 B 1w bR A IR B 5, 34
ATAD3A Fl HSP60 & [ 41k & i /D

3 Wi

H CRISPR/Cas9 %k [X] 4 48 £ G ek v FH 10
FLEh LR 4H g LA, CRISPR/Cas9 J iz i FH
FRE A h R R R . A R L R R
7 . SIEPI AL R | AR T R A

A

Mock  AsCpfl FnCpfl LbCpfl

A VIR GEER AN | Ai-ubulin

Anti-ATAD3A

P GENER S5 W N MR 2 B E R h AT T
CRISPR/Cas9 Kt 45 L RAH GBS, 2013 4F
Wang 51 K4l T F]FH CRISPR/Cas9 £ 48 W
R B 5 AR & 3L ] BmBLOS2 , 7 HARFE K A Bt
B, 2014 4 Ma 455 FIEF AN S0
CRISPR/Cas9 RGUH LA T K& Bmku70
B35S e S i [ = N e i Rl e L g
WA, Zeng SR MR U6 3 8 F 4 A R
PEE T sgRNA i 07 sl 4T, fi sgRNA #1
JEHI I GNIINGG 78 i N20NGG, FFREMS
A7 B AE A P AR SR g A A SRR, 2016 4E
EHWMAER AP T35 CRISPR/Cas9
RS RS0, Rete AR G, FRAL
flig 55 % 1617) CRISPR/Cas9 35k Rl 4 4 A AR H
T — B R BB AR F1 55 — A8 TALE B2 R
BOAR AT ERAE 75 s (o B Al O (8 4 P s
{H Cas9 R Geth A7 76 FEA S A PR L 8 #3800y Al —
() A B B 1k A — S R Z0 A e B 1) A, BRI T
CRISPR/Cas9 i) 12 W i o

2015 4, Zetsche %5 &I CRISPR/Cpfl Kt [H
G 4R R ST R AL T AT B L PR R 0 b G RN
KEFEMAL, [ ] FE#E S CRISPR/Cas9 R4
— e FHBR DT, TR PEAG T 16 FlA [ 240 7 O I
) Cpfl fiff, Hrpfs 3 P EAKSVIEEME, 4
BRI T 2 L BRER AR 1Y AsCpfl . 302 Fa i
f) FnCpfl FIBIRERHY LbCpf1™'™, I H & Bl
CRISPR/Cpf1 J PR Gt 5 22 ¢ %of ik R 4 il o3k 114 7 12
BAA TG 7, AT DL S B PR A ) TG IR B

Mock  AsCpfl FnCpfl LbCpfl

) = == @ An-HSP6O

Anti-tubulin

4  Western blotting 247 AsCpfl. FnCpfl #1 LbCpfl R0 E B RIZRI S
Fig. 4 Western blotting analysis of the AsCpfl, FnCpfl, LbCpfl system on protein expression levels of BmATAD3A

(A) and BmnHSP60 (B).
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I H B BR AR w, W, ATSEB A
(i [ ik g 4 ) ASBIFSE R A CRISPR/Cpfl HEA
()RR BE T LA KR T2 (R S B L, M
T AsCpfl. FnCpfl F LbCpfl Feik#kik, iFHI T
ARG AR AR AR, R TR
7 A M P YRR AR, R LR e A
MR, FURFRIR TSR LKL (B 4), TER
SR (RIS HR AT AT s ) % 3k A L R A e BRI
i R PR AR AOR . X RS RRE 5E 4
MR AR IR Ik, SR M TR R
B A IHRERTST . %72 CRISPR/Cpfl LA g4 A
IR, IER A ILH NI T 8 210k
P& AR PAM FAIHIELE 5'T & o X3 n] LAEf T
ARG, PR T RSN g e
Cpfl LR g RS0 5Y YI /ML UL /E¥EAR DNA
HAMEE RS 23 AL ANAE B AMEE B 14 (23] 18 {7, AT
LA Z A8 U, A 04 NHET 85 )5 9F
AU PAM T P A , X FE il RGN &
S Cpfl 2 1 U3 RN 2 B8 FEAR P 47, i)
M AR TS 1%L DN 4 R G G R 0 Cpfl
YIEN G 7 A R R i, 280k R g B (5 4 ol
DNA A A, B LA 32 Hb b FH 35 PR 4 A B
3%, i Cas9 4w DNA BHEF — (i BYIH], &7
AR, AR TFAMEIERE A, [FEF, Cpfl
) gRNA KJEF N 42-44 nt, A5 tracr-RNA 43
TS B2 A 2R A 1, 2 Rk T IR
G, 5 (E T AR R A R0,

4 E%

B EE T 3 ASARRIE Y CRISPR/Cpfl A
2wt 245, it TTEL BV A T sEpeil 5
Oy B B R 2% B TR G B 2R G RE R AT A R R
BmATAD3A #1 BmHSP60 F£[5, Western blotting
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