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CRISPR/Cpfl & 2015 Fikig/NAIERH A CRISPR R4, WFFCIESL1Z RS A H i H#.
RS S 30 S DRI 2H 2 1075 B 7R DDX21 MY REE 2 5 {5 RNA (Messenger RNA ,mRNA)
RO T, RNA RIS RIBEfR . AZREAR I AR S 2 ARl 72, i BLYE B & i & (Avian
influenza virus, AIV) . & #% 5 (Dengue virus,DENV) . A S 5% 7% (Human
Immunodeficiency Virus,HIV) SR IG5E M5 T Sk fe btk 4% 7 EZA/ER . AT 78 5 JeF)
F CRISPR/Cpfl AR @B FL304) HEK293 Ziiffl DDX21 J:[H /2 4% HON2 T2 AIV, {E4H K
SFIHIE T CRISPR/Cpfl RZEH)WE1H: K DDX21 /15 AIV IR YL IR IR B ML s gk — B IRR T
CRISPR/Cpfl 12758 RS/E4Y DF-1 4 B XS4k b (2L (R i, vdE s DDX21 2K DhRE . i BE3K
TR A B T Fefill

CRISPR/Cpfl Z 44w FLsh W4 M. L DDX21 N¥E I, F)FHLELH 4+ chopchop ik
BEAL R 2 IR EE pUB-Lb-crRNA-DDX21 4T #E4 /4 M1 pcDNA3.1-hLbCpf1-RFP $i 15 #ifd . #1541
BRI [RIFL Y HEK293 40, = 4u i & P 4E i, T7EL B UIEAS I Cpfl A% & By U #13
7 56.8%, Z7iiik J5 3R 1F 2 & DDX21 FE A€ bR HEK293 AHffipk, b 7Ll CRISPR/Cpfl
ARG T R DR RS w38 7325

DA 72 ) HEK293-DDX 21" A 4il il A 784 , HON2 37 7Y AIV [ % 5 9 5 o 26 B , 9% % 52 & PCR
AR R2 A AR T DU E A M mRNA £ikKF, #—B5i0E X8R % DDX21
BHEPIhEe . SR ER: TLR-3. MDA-5 [] mRNA FiAKF Fifi, TLR-7 RIAKFILH &
Z 5, IFN-a. IFN-B. IL-6 [ OAS ] mMRNA Fi&/K-FFi, TCIDso 2 7 i =i 1l & 2] WT 1) 3.01
%, W] DDX21 Kkl o T A 5142 DDX21-TRIF-MyD88 {5 Sl #g 32 H, ] | BT EK. £
hE R T RIS 85 8 Rk, (R R 2 = .

CRISPR/Cpfl #%t4w4E4Y DF-1 ZHffl: AR¥E&HEN, 7EXS DDX21 FEHE 2 4R Tk 4
ANEE R, R SR 4 ANTHREEA Sk B IL R G DF-1 40, T7EL BEUIAN TA S
T RIUEE S 1 PIBIRCR B A 33.3% (10/30) , #E A AL{7{E 5~48bp ISk, % Lenti-Cpfl-
DDX21 18/ 2¢/& 4% DF-1 iy, "R a Rimie = M EANN, iy gn i 7k 2 96 LA,
SMFLEE G, MINFAT 2 ¥k DDX21 L K % DF-1 41 itk

BRI G IR 2R« 190 15 R IR A5 A0 IV 160 58 R A% IR — s I LR & JR i e 22 293T
Y, i ELISA 773k E SRR B A 2.5%10'TuimL; K AR T &, # e REriem s
AR B 527 HOF AR R RIS Tk, WEAL1S 3] 83 HAEXS, Ry 15.86%; HEK iK% E,
AN R HE G X B PR AH b )RR O 22.9% (19/83) .

AW FE I ST, CRISPR/Cpfl 41311 HEK293 & DF-1 4 i () 36 (Rl i 77925, 83t HON2 i
AV LI UE DDX21 2 5 15 S5l 72, #RE T CRISPR/Cpfl 185 5 R A IEXS 7K I I
LR ke, XFFH CRISPR/Cpfl EE 7 4HM0 . B B AN 78 1k D5 Uy i 55 H AT 2 22 (1) B FH A

F%%Ei7): CRISPR/Cpfl, 18J%#, DF-14iji, *[X4%m%E, DDX21



Abstract

CRISPR/Cpfl is the new CRISPR system reported by Zhang Feng Group in 2015. The research
proves that the system has the potential of simpler and more accurate genome editing. The helicase
DDX21 can not only participate in a variety of biological processes such as messenger RNA (MRNA)
precursor processing, RNA transport and degradation, ribosome production, but also in Avian influenza
virus (AlV), dengue fever. Virus (Dengue virus, DENV), human immunodeficiency virus (HIV) and
other viruses also play an important role in the proliferation and signal transduction process. This study
firstly knocked out the DDX21 gene of mammalian HEK293 cells and infected HON2 subtype AlV by
CRISPR/Cpfl technology, and verified the activity of CRISPR/Cpfl system and the natural immune
response mechanism of DDX21-mediated AlV infection at the cellular level; further explored CRISPR
The gene editing of the /Cpfl lentiviral system in chicken DF-1 cells and chickens laid the foundation
for revealing the function of DDX21 gene and the pathogenesis of the virus.

Editing mammalian cells by CRISPR/Cpfl system: In this study, DDX21 was used as a target
gene, and the target site was screened by online software chopchop to construct pU6-Lb-crRNA-
DDX21 targeting vector and pcDNA3.1-hLbCpf1-RFP reporter vector, respectively. The two vectors
were co-transfected into HEK293 cells and the positive cells were sorted by flow cytometry. The Cpfl
nuclease cleavage activity was 56.8% by T7E1 digestion, and two DDX21 gene-stable HEK293 cell
lines were obtained after screening. A new method for gene-stable gene knockout mediated by the
CRISPR/Cpfl system was successfully established.

Using the constructed HEK293-DDX21-/- as the cell model, the virus titer was determined after
HIN2 subtype AIV infection, and the mRNA expression level of pattern recognition receptor, cytokine
and antiviral protein was detected by real-time PCR, and the knockout was further verified and revealed.
Functional changes in the DDX21 gene. The results showed that the MRNA expression levels of TLR-3
and MDA-5 were up-regulated, and the expression level of TLR-7 was not significantly different. The
mRNA expression levels of IFN-a, IFN-B, IL-6 and OAS were down-regulated, and the difference in
TCID50 was the highest. 3.01 times, indicating that the DDX21 gene knockout may cause
DDX21-TRIF-MyD88 signaling pathway to be blocked, inhibit the expression of type | interferon,
inflammatory factors and antiviral proteins, and promote influenza virus replication.

Editing chicken DF-1 cells by CRISPR/Cpfl system: According to the design principle, four
targets were screened in the second exon of chicken DDX21 gene, and the four reconstituted targeting
vectors were co-transfected with DF-1 cells with the reporter vector. T7EL digestion and TA clone
sequencing showed that the target 1 cleavage efficiency was up to 33.3% (10/30), and there was a 5~48
bp deletion at the target site. The Lenti-Cpfl-DDX21 lentivirus was packaged to infect DF-1 cells, and
the positive cells were enriched by puromycin. The cells were sorted into 96-well plates by flow
cytometry. After sequencing, two DDX21 gene knockouts were successfully obtained. DF-1 cell line.

Exploration of genetically edited chicken: The lentiviral expression vector was mixed with the



corresponding packaging plasmid in a certain ratio and then transfected into 293T cells, and the
lentivirus titer was determined by ELISA method to be 2.5x10" Tu/mL; The packaged lentivirus was
microinjected into the blastoderm of 527 newborn eggs, and 83 chicks were hatched, the hatching rate
was 15.86%. The efficiency of lentivirus integration into the chicken genome was 22.9% (19/83).

This study successfully established CRISPR/Cpfl-mediated knockout technology of HEK293 and
DF-1 cells, and verified the signaling pathway involved in DDX21 by HON2 subtype AlV infection
assay, and explored the genes of CRISPR/Cpfl lentiviral system in chickens. The editor has important
application value for establishing cell and animal models and studying gene function by using
CRISPR/Cpf1.

Key words: CRISPR/Cpf1, Lentivirus, DF-1 cells, Gene editing, DDX21
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E.coli Escherichia coli PN

NC Nitrocellulose TR A4 =

PGC Primordial germ cell JiR 45 A= 5E 2

SDS Sodium dodecyl sulfate + AR R AN

LV lentivirus 157 25

PCR polymerase chain reaction FA W 5E U= B

dsRNA double-stranded RNA X RNA

WT Wild Type HpA A

CRISPR clu_stered _ regularly  interspaced  short S A 1 1 R S
palindromic repeats

oD optical density % L

PBS Phosphate-buffered saline IR Eh 2% il

kDa kilodalton T-18 SR diH
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PAMPs pathogen-associated molecular patterns 7 B AH I A TR R,

DMSO Dimethyl sulfoxide TR

PMSF Phenylmethanesulfonyl fluoride 7R IR Tk 4

RNase Ribonuclease 2R 1% PR T

SDS-PAGE SDS-polyacrylamide gel electrophoresis + e BL AR BS AN - SR TR IS iR HE Uk

ELISA Enzyme linked immunosorbent assay Vit BB 47, 128 TR 3R
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1.1 CRISPR/Cas &%
1.1.1 CRISPR/Cas &Gt HIZE R K 57 2K

1987 4, Ishino &5 & IR AE K A B b A B RSBk 45 4 1) < ER R B 2 7 410, (R Dy E R 1 CIshino
et al, 1987) . BJ5, WFFFH KIIZFIIRE) 2 AFE TG0 B A 48 B A= OR 20 v 1) — PhsRAs 1 e iz
RYL, FWRT Y A4 R ORI R B A R SC S P 41 (elustered regularly interspaced short
palindromic repeats,CRISPR)  (Jansen et al., 2002; Mojica et al., 2000) . SE¥[1] CRISPR {7 5 FH—
F 5 9utt Cas H H HIFEI I CRISPR 7 AP 1Ak, Hert CRISPR A1 AT X . ARl SCE A
J7%1) (repeat) F1H] i [X (spacer) F i ] . Cas F:KLHA F-F 28N, Refdmi 2 f H A IR D) Ak
MEE: AT XA{EA CRISPR FRAIM a3+, & M CRISPR A1 5¢; CRISPR %1
RS P AT — Oy 21~48bp,  FITERRREEH: TAIRG X 40 B 1l 2R 1 4M5 DNA 4R,
2 IG5 T R B0 B PR RNAR N T SZ BRI 3R 7 AR N2, 51N I 3RS 4% [ . (Barrangou et al.,
2007) .

W5 Cas FE KA AIR N & 12 5, CRISPR/Cas Z4i 1] 4> classl I class2 PifhA! (&
1.1) (Makarovaetal., 2015) . 1% CRISPR/Cas %t CELHE 1. N A IV ED HEANMNEAR
GYVRIEDIRE, RIEHLRIE A, RE| 7 HAERE R TSR 12 28 CEFE 1L Vv vEAD
AT B — ROV R IR R A D Re, 2 H RTHLEI B FEsii i« A B2 1) CRISPR/Cas
R4,

Effactor complex Classification

DNA casé
— o e e TR 1A Aerseogibus fuigidus
AF1850,AF1870-AF1870

S8 Ec'salij cas7 cass cesfal casd’ cssd” cas? casd cas! casd CAISPA
csai

Classification
| [l tracrAnA  [WOM|CRISPR |

Lagionelia pneumophila
DM o e et ] 1B 0T ki I B mmp—omd) WIS Ipp0160-Ipp0163

CKL_2758-CKL 2751
cash  casebl ca;? cash casd  casd cas? cas? ORISPR < < cas0 casi cas? casd

DNA \.c Bacilus haiodurans DNA A mmp—>mPp=>H[BeN] Steptococcus themophius
"~ BHO336-BH0342 str0B57-str0660
cesd  cess casc cass casd cas! cas? CAIGPA casd casl cas? csn2
DNA GSUOSA Geobacter N = ‘
. sulfurreducens - Neissaria lactamica
‘ U Sunos1 -Geuooss ¢ mmmp—)m) [[E00] NLA_17660-NLA_17680
casd  casu? cas? cass cash casd cas] cas? CRISPR GSU0057-GSU005S cas0 casl cas? - -
DA ces3 Cyanoth . 8802
e e empe e Sr Semb B 10 Glanssos oar- —A Francisalla cf. novicida
casd' casi0d  cas7 css§ casf casd casl cas? CAISPA Cyan8802 0520 FNFX1_1431-FNFX1_1428
oNa csc2  cscl casi2a casd casl cas2
Escharichia coll K12 i1
i — ) — el 1 BabE cp . . i
casd  casfe E‘Sag:asﬁ)mﬂ casS cas@ casl casZ CRISPA Yaos-ya L =1 @ AJICJ"CIUbM“-‘IHS
o ceel cs e, Bluea e v B 4 > acidotarrestris
[EENOHAY T L.F  tubarcuioss casi2h cas cas? NOO7_06525
wal casdcasd  cadkt casf cant casi CAGP PEESIREEITES By c2ct
v . GF & Acidithiobacillus DNA Oleiphilus s
W famcoxidans e = 4 7Y || GIphilus Sp.
NG cagd-fla cast cass AFE_1037-AFE_1040 ) casidc A3715_16885
csfd  cafl cs2  csfd
—_ o Sh:geh#ﬁ:'gzsccus c2c3
e m— e R 11
casf cast) 55(caslfjcas] casi cas comf css! casl ORISPA SERPLES cenrasss _U_ ‘
= cmgﬂ‘ = Slvnachoc tis sp. 6803 nksie
oy S, n-n g — Leptofrichia shahii
— =) sl17067-5(17063 = ol el
castl cas7 cash S8 (casifjcasl cas? casi A - IE' B031_RS0110445
csm3 csxl0csm2  csm§ cemd all1472 csmS Methanothermobacter casidal casl cas?
1 czc2 .
48 (L s Fusohactarium perfostens
o g T e T Vi c — T364_RS0105110
= T e - FYoooceus furosus RNA castes
- LB |:">‘ Prevofaila buccaa
S = ) B Bl e enl e B HMPREF£485 RS00335

[E]1.1 CRISPR/CasR Gt LA AR K 53 2
Fig.1.1 The composition and classification of CRISPR/Cas system
EIAN1ZXCRISPR/Cas &%t (Makarova et al., 2017) ;&IB4225CRISPR/Cas %%t (Makarova et al., 2017b)
Fig Awas class 1 CRISPR/Cas system;Fig B was class 2 CRISPR/Cas system



#
|
I
u
o

e ] R S B 2 R 1
1.1.2 CRISPR/Cas ZZG{E L5

RN 24 ) CRISPR/Cas B ZifE K AETHASHT BT K (1] Cas & (A A SI¥ B AR, B
W —2K7 1) CRISPR Z4:, HARAR AN kst 57 T NAZ (1 G s 7 485 R8Tl 499 3 M B (& 1.2)

(Carter and Wiedenheft, 2015) :
(1) AMJE DNA SREC  4IRE AR FURL DNA B IR AR, Casl Fl Cas2 JERGH H & AR R
5ol JE ) B 7 31 ) AT 3 7 (protospacer adjacent motif,PAM), M 4K DNA FF3REUR 51 5 7] B 77 51
(proto-spacer) , 4 N\ 2P B B & JF 51 FH T BT 0 18] B 57 971
AT X0 CRISPR [T A%, AR R EE AT /& RNA(pre-crRNA),

(2) crRNA [finT.

PR EREEA (B Cas & F3E— PN T A crRNA;
(3) $EFTIL 4 DNA FRHENTE EARGER, R crRNA S5 A RS 57 1 200 8

B S, R9]5 crRNA HAMO4ME DNA, 5]t DNA XUEEKIZE (Double-strand breaks,DSB) ,
FEE R IR A B R VR AR a8 7, & R K R (knock out, KO) « i A\ (knock
in) AR EBRFE B P A ) 5AE, I S B DR RO RS TE A 1
bacteriophage

OIS

o

SOAOEED

DVOVT VT VT UPVHA nvading nucleic acids
1.Spacer acquisition

newly acquired
Leader r P spacer repeat
CRISPR locus— 22— HOH ¢ N0 - ) - D>
It ; 5 -
cas gene

SOESES

= ) CRISPR array
pre-cri NA(precursortranS(,:’r,lPl) [ ZGRNAmaturaton |
A Ky
¥ tracrRNA
sIhme ™ | o @
Cas proteins

; CrBNA

0
5 ' crRNA 3
tracrRNA

v v
‘ 2 . >
¢ :mnmm-"ﬂ_ pr— .
o PAM

[E1.2 CRISPR/CasfEFRHI=MrE& (Jiang and Doudna, 2015)
Fig.1.2 Three stages of CRISPR/Cas action

CRISPR/Cpfl (%%} CRISPR/Cas12a) 5 CRISPR/Cas9 R 4i#l)&E T 2 25 CRISPR R4, &

3. CRISPR interference

H RN 5% . Wi TS 261 2 F CRISPR/Cas 250 JRFEHASZ7E crRNA Bi sgRNA K151 % F,
ghh, SRR

Cpfl (Zetsche et al., 2015) 5 Cas9 (Savic and Schwank, 2016) % & [ 5 40 3L [A]
FERPE . A EH R Bl (B 1.3) , HEHRAESERE (R 1-D .
%<1-1 CRISPR/Cas9F1CRISPR/Cpfl1HIEL 4]

Table 1-1 The comparison between CRISPR/Cas9 and CRISPR/Cpfl
CRISPR/Cas9 CRISPR/Cpfl
1200~13001 2 2

KT
BN 950~16001 2 HE R
g F iR RuvC-like FIHNHZE #4158 RuvC-like£ii #4354
P9 T Bt 1 R4 DNAP DB 5 “ DNAFIRNA A HIH
2
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(85R1-1)

BTt CRISPR/Cas9 CRISPR/Cpfl
Pre-crRNAJNT. 72X i HCas9 I RNAse 45 i T 2 1 CpfLn T A4

Guide RNA CrRNA, tracrRNA CrRNA

PAM/T % G-rich, 5-NGG-3' T-rich, 5-KYIV-3', 5-TTTN-3'
DNAFI Y5 414 Cas9-crRNA-tracrRNA(sgRNA- Cpfl-crRNAZFEIZ & 1 2 &1k

Cas9)Zhtz L Bk
DNAHFIAL AT B 57 5105 i 1 P AMF 31 i [T 1 4103 i FYI P AM T 571
A3 R S K i i A o

A SQRNA —___ B
(tracrRNA-CrRNA _~Cas9
chimera ) cPf1
5’ T-rich Staggered
PAM PAM target cut
Genomic TTN ™
A A (RNRRRRRNN (RNAN
) AN —
VAR A4\ Single T )
CRISPR ( =3
PAM sequence guide (RRRR} ,
RNA =2
DU LTI LU LULLTUTT]
e ST U6::crRNA Cpf1 Genome editing
Site-specific DNA break m m §
J e @S T
| s
(IRRNINARNANRARRNIRINA LU TUTTTUT T

Indel
Non-homologous end joining (NHEJ) Homology directed repair (HDR)

[E1.3 CRISPR/Cas & Gt/ S E E LH 4w 5
Fig.1.3 CRISPR/Cas-mediated genome editing

1.1.3 CRISPR/Cas RAER ST RIN

MVENE BRI LN AT, HARET . BEER. ARKEETMEF LRSS, A
KR T EENRNE M BN, S0 GHEY . KEEMY. 8L MER. Rk,
IR A U T B L SIS A . BREERINAIE FEAL, AR EEDRXG HORTER 2 ARV Tk b [F R
AVFZEZMNH . BT i) 7= a] By N S ek EORR) 28 (Enserink, 2011; Lyall et al.,
2011) ; FIFYRTE B AR R A B TR BN R RA I R B R BEXY,  A] DURRCOK (4715 29I TR A AR
S 25 Tl 2 SR AR RMUBLAE = (Kwon et al., 2018; Oishi et al., 2018) . #&ifi, HFH=
SR R P 2 R 2 i e R B oK B R R I AR B A AR, (AR XA A HE S A AL A T B SR 1 25 8,
BRAZFP 2T B o AR, BEAE R A g H R g & &, LL CRISPR/Cas 4t
AR I 78 D] G R R 1) B R e i ik B 8 B A BE IR B AR IO R 8% B AN R T
BERE FCERAL T B 32 A7 (Abu-Bonsrah et al., 2016; Park et al., 2014; Wang et al., 2017) .
CRISPR/Cpfl fEA—F#i AL i) CRISPR/Cas AL, H AT Ffai f.  HORE vk S LIk R 2 g BH TR VS e
E2 1% R GETE 58 A0 B AN A4 o 1R R P v A LRI

(1) FEHNIThEEI R SEIEEREE (Zinc-finger nucleases, ZFN) L i I8 74 25 vi [A]

TH%FREE (transcription activator-like effector nucleases, TALEN) $i R4 Et, CRISPR/Cas £4t B A
3
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PRI AR . R AT RN gl 22 AR AR A, IR B TR AR & A8, 36
TN EIER T RE I st AL T2 . Veron 255 F CRISPR 5 H1 % FLE A HE [ 5 5 [K]F PAXT, S
T PAXT7 K Ber)Ra e mil, WEW] CRISPR 13 ) Jk AT 2 — Folidh 5 0 4% 240t A5k DX 2 4 8 1) 7
2, kBRI PAXT FERIZETIE R B I THLHIBEE T HEAE (Veron etal., 2015) . Zuo 5§
i Fy @ #E A CIEIS (Chromosomel Expression in SSC) [f) CRISPR/Cas9 #if4k, FIFH T7E1 Bt
A TA SR A, CasO/gRNA HAMREL Y iR 4T 4E4H M (DF-1) HIRIRCR LN 40%, BAE T
CLEIS H:[R7EMEVE L FHARM /A i FE AR B 2R, R W] CRISPR/Cas9 R A2 € /348 DF-1 41
ML e (Zuo et al., 2017) . Zhang 558 FH 9% 6 & BE-SSA. T7EL. qRT-PCR. FCSC A4ty
A5 Z M ITIEUEY] CRISPR/Cas9 £ 4t AJ ASEILXS4H g Stra8 KK F3 i€ 4w, Stra8 ik A fid o
Befig 4] ECS [f) SSC 1704k (Zhang etal., 2017) . Lee Z7EXS DF-1 4Hffarf, 1% CRISPR/Cas9
BE PR 2H 4 AR ) B BY MR e B AR DN R ST A P BRI R B XS 4H M & (Lee et al., 2017) o
NEE, £ REEME T 34 Cas9/gRNA FRik#k, KNG ARV G4 DF-1 40 o FIxs -4
fi (ESCs) , I Cas9/gRNAL FAkrE DF-1 4iiffi 1 ESCs H [R5 A 37%A1 25%, HAK
BUBCEE (EK,%%, 2017) . DMRT1 (Double sex and Mab-3 related transcription factor 1) & 50i3%
PERR O B R B I CHERE N, #7555 R F] CRISPR/Cas9 R 4ifE DF-1 40l % DMRT1 3 [l
ITRRERIAE, At — PRz B R DR fe it 7 RIF A0 IiaY (7528 56, 2017) . KI5
£ RB1 FEH ) 2 MR 73T 3 4 gRNA, iER] CRISPR/Cas9 & i hEs A Rt iz FE K i
ot 5eAs, Himlbr RBL K RERZE BT i 0740 M i X JE s 2 (5K ¥, 5%, 2016)

(2) RERAIMES.  Oishi ZF] ] CRISPR/Cas9 RGP R & EMIEINEEE (OVA)
FERRFEE (OVM) FEHEBRIY PGCs 45, FHda EXGMME b, MR A AR ik
BRIARY, 45 OVM™T 57480, 3543 OVMT R AR, X2 &I FI ] CRISPR/Cas9 & 4i 3k
15 B DR B XS 1) 438 (Oishi et al., 2016) . Cooper S5 FH AR 11 % 13 56 R 4 5 2k A (1) 77 ¥ (sperm
transfection assisted gene editing, STAGE) , il CRISPR/Cas9 R4t~ 4: GFP Al mt bk 1 IR i Al
A, FE3R1F DMRTL BRI KA, JAer= s R g i 4t 1 8t 2 M 777% (Cooper et al.,
2017) . IhAh, Luiza Z5iE5d Percoll B5.CoFl B ZE LI ZH & J732:3E4T PGCs A ) 4iifk,, mh3kss
1A hIFNo2a/ LB i EER BT )5 (HBsAQ) 1) GO % £ [K% (Chojnacka-Puchta et al., 2015) .
Abu-bonsrah %5 F| ] CRISPR/Cas9 F 4t/ H5 M W4 il 2 5t 22 AN JE (R 3047 55 , 36:41F 7 CRISPR/Cas9
S-SRIV P A 20 B ) 52 BT RS, S CRISPR/Cas9 2 Gt %o R JV Jik D] ZEL (4 ff 0 ) agt A% 44
B85E T HEAt (Abu-Bonsrah etal., 2016) . It4k, Dimitrov 251§ 1] CRISPR/Cas9 % 4t il i & & i
PGCs 4ty S BR 2R 1 3 B 5L R RS A L JE R (1 J5 AR, N SR I RO BB IR FE R 138 )3 %

(Dimitrov et al., 2016) . H FIfEHAL &2 A B Ih N FH IS, W Jinsoo S84 9 Fh & ISk
SHERBIT, #8558 7SK (q7SK) TR CBh JHEh T CENMURE & AIXS B-ALsh & [ JH 3h T 24
HIEAD wkES| CRISPR iz # AT, HT/rmRikm T RNA FI Cas9 HH, H4uslm 4955
MLPH J:[FIf¥) QM7 ZHAE AR, RS S B A 25 40 i 5L DR (1) v ACEE IRl R Bk (Ahnet al, 2017)

(3) MRREC R R LR ZH DNA ZRER I, i yT M8 A BRI KRR A 77 R ik
o3 B S B SRR XS ) P AR AR T 5 5t TR . Bai S5t CRISPR/Cas9 #ll SSA-RPG MUk s #4t,
XS DF-1 40 B it S AL B AR S S Y G 52 Ak -y (PPAR-y) , ATP &l ¢ W3 (ATPSE) Al
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T £ 1 COVADJE R HE T Rt N5 228 ] CRISPR R Gi it AT MR e 4243t 1 J7v2:(Bai et al., 2016).
B2 e XS L A KAMHI KL R (Myostatin, MSTND HI%5 1. 2 4hE T2 BTk 2 N0 A,
FIH CRISPR/Cas9 £ R H AR DSkl 1125 R IR bR, & S AR SR . PBPEIR e
HBUEREA (B2 45 2016) .

1.2 1@mEHIK

1853 (lentivirus) J& TR HRHSR IR, & —F RNA Fi#. H5HAMRIREEEMHEL,
1895 TR AR RE S W SN SE R R e B B0 TR b, AR T Tl R L A (2 10572
f%) (Robl etal., 2007) . M4k, 18570 MR Gy or ZUPAEE > 2NN, ok C O A dr
SR AR B TR A TSR B 2R AN HIV-1 [ B E R B 0k, DA K
I8 A FE A Ak

1.2.1 1@RENEH

HIV 3R T 5 20 TAXTRRIERIE, BLfEN 80~120nm. it AhZE WU fig B R I i
LR b RBEEE B 2R IOIREE M, wT AN AR AR S 2 4G . TREEARSE R HEIE, B
ZRIE R RNA, JREE R P& B SS M M R. HIV-1 BRSS9 MIFBUREHE (&
1.4) , K%k 9~10kb, Hitat. rev 753 [A, gag. pol. env Zmfit4h ¥y 2 (A vpr., vif. vpu
A nef HHBHFERZLR. A, gag. pol. env FEHrAl4afdm B MR (BREEREA. K
TR AR « A TR CEAR. W KRN AR asiE s (Env,
Hi gpl120 WAL gpdl WAL 5S40k, tat A1 FEDR 4 fich I v 4% B 1wl (R 098 B S 3
1M rev 25 FAXT mRNA 2 RAEZER: 4 ANMMBVEER 2 SR aE 003800 . 55 AU Lo BER0RE
IR TBGE FE, LA g5 MR T KK Ui 85 5 41 LTR (long terminal repeats, LTRs) 2 1. 4h, LTR
BN EIR RS AT AR S AR . BEEE S RMES . TAT Busi (TAT
activation region, TAR) . 3I#454 67 £ (primer binding site, PBS) . Rev i3 o4 (Rev-responsive
element, RRE) DA K¢ 1 g Fl A Bifg 2 R4 2 51] (the central and terminal polypurine tracts, PPT) £ %4
N AE R G (Sinn et al., 2005) o X REIE R G AD E BRT BT AR S 60, AT I8 A% 58 A0S 5 3\ 4l
MAZ, X80 n] LA G4 2L AN 43 240 M 1 S ZEH L) o

HIV-1 wildtype genome — rt%\; F]
" I —
[500R 04 | Vil | [ env_§ | [ 3LTR ]
I pol Ry | RRE
vpr vpu l
Core proteins | Envelope proteins |
Viral enzymes |

El1.4 HIV- 18R HEE L5 E
Fig.1.4 HIV-1 Lentiviral Gene Structure
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1.2.2 8RB REMERIHE

0 HIV-1 R Geai S, mRe ISR ) gpl20 He SR CD4 2 iAk4i &, Sl aismE
HEAMRNA, f£ CCRS. CXCRA fll sz ARIILFEIEH T, R Wit SAMURERL &, %A
FIT AN, LR STE AR L BEJE, £ DNA 2 RE AR IRES H f1E
IR, 75 RNA G S B B 2 T U DNA 73 395 I 6 TR i) DNA 2 TEHREA BT
PEF FHETE EIRAIIER AT ; 5 —#% DNA LU SR 0 F ik d, #3 mRNA,
A AR G4 B A B 1) JEURE S8 A O BRI 413, ORI e oh (11 1.5)

Host chromosome

EL5 HIVIZZRTE F 4AaI#HLE] (Campbell and Hope, 2015)

Fig.1.5 The mechanism of HIV infecting cells
123 BREHENLR

N9 B BN S — Fast A 4 o #4 7% FISh A a7k AMEAE MR A LR, BHArc& D 7R A
G, AMURER S TR BRI, mHEEE &N EY et AT R
T BRI R HIV-1 B2 R AT, 418008 70 2 P 75 22 1 QAN S s E R 10 90 1

FBHE RS 1996 4, Naldini S57FK 1 HIEBE BRI 488 TURL R0 IS SR AL i PR 56
—AUERIEE A5t (Naldini etal., 1996b) . Hory, # Rkt 5-LTR. 3-LTR. 5145 &0 51 (PBS)
M55 Rev METuE LA 8 81 B AMEEE R AR, IR A I 7% BORIIE N 1 /5 L DR ) 3¢
&, PRE 7 st ek, Wk 7T eRE T, PBS. GREH Env. HHBNE B AR
EAZ oM, [FR 5-LTR #7 ASSE g2 AR 5307 (Cytomegalovirus immediate early
promoter, CMV) 5 RSV #{X, 5-LTR 1 SV40 5% PolyA £ S EUAX, (Naldini et al., 1996a) . Ji
HIV-1 BB BRL gpl20 2 A2 AR 1) S5 Aa e K rE O R m s e (VSV-G) 1L,
AR = T ERR R AL, BB R TR R A R e I .

BRI E RS BN —USHIEE RG AU IRIE = R EE A, (AR T Rev S8RV
Tof, HARAFAETE AT S e ) R BOR PR B XU O T4 S @R Be AR I 2221, Zufferey

SEAE DR UE TS 25 FAT BRI 250 AR TR R T, IHER TRkl ERE B R A1) 4
6
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ANHEBVEED, FRAC TR, Rm T ER RS et e, REE AR ERA RS
(Zufferey etal., 1997) .

F=AURR R RS FEERAT T, R oAt R i 98 5 37 B U B i b 1) tat
B[R, PR TR E AR LA RN ELRE R R AN 730 2RI gag. pol FIHAZERIE Rev
R TRLAE s, TR R &R S (B 1.6) , i PR FERE AR RE (Westerman et al., 2007) .

SV RS RN T SRR, b R SRR H R R R . BN, FEA
WHERIEFRGE, HOEER R GEAE VU R BT AR &0 N A Rekik. [Ey, #FEE A
FKIZHEE sam68. Ml 2 M MR ia o b . MR AU s s fE 1 o EARUR HIV i RRE
JufE, BT SRR E M (Reddy et al., 1999; Roberts and Boris-Lawrie, 2000) .

1. HIV vector plasmid & SIN LTR

e
transgene expression cassefte  |u |
2. HIV packaging or helper plasmid

it

| Prom. | gag/pol |.IW|
3. HIV rev plasmid
| Prom. | rev | p(A)]
4. Envelope plasmid
[ Prom. | envelope [ p(A) ]

F16 BE=RIEFREFHMFRS (Sinnetal., 2005)

Fig.1.6 The third generation lentiviral vector system

1.2.4 1EREEMAENA

18I BEAE A — PR . 1E VO ET HAR e BB MR R R W e o s gk, ) 2 M
HTEERNGIT . 29k BRI Rt e, R S YAy g ST S5 mit e el
(1) FERRNAYT: BERNRYT &% R B alcE R0 T ER K H L S N FE40 i, LAl ik
BRI R B A S i B IR B RS PR S R B JE R o BE DRIV T AR 25 s 1 M i A R 2 2k
I, TREEVE R TR B A B A B RCR AT R E S RO R SRS, A KE
Fo N N B AR AE M g S . SRV IRGE ST M . A A BRSO B & 5w va 7
HUA5 R %5 (Brown et al., 2007; Lo Bianco et al., 2004; Puthenveetil et al., 2004) . 4411 Poeschla
S5 g A GDNF H: R 1 21805 35 204 4 21 G A A (Parkinson'sdisease, PD) [IKE, 45
SR GDNF R e e R n et it S 4i e 5. Bk 2 B &k, ke PD #
SRR, BEESIYINAT N5 (Lo Bianco etal., 2004) .
(2) /-5 RNA T 7T : RNA T4 (RNA interference, RNAID & —Ffi i F & B2 £ 55 dsRNA
PR [EVE MRNA (5 80 S PE BRI IR 5 . RNAT EERITER R 518905 35 800k 45 4 BV AT LUK Stk 40
1) S BEL KT 1 2 DR () A R 2R H I BE DRI DhRe, 3w F A0 B e R IA Rt 1 57 N S A Y
T REATT « XIS A 27 LOX-1 JE A ) RNAT 1897 B 8k A3 e K G LR, 45 380K
] Bt B A PRI 5 B T B 1 2R R IA BRIk R HL0, 15 S DI IA T2, UiBH LOX-1 Xt
H,0, 1753 B O LA it 5 B A B AR F (XM SR, 2012) . Pfeifer 2570 18 24146/ 2 1) sIRNA
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FENINRSZREONH, ORI R e B R R IE YR /N B, A B AL B e e JEE DR 5k 2 S 5 2
MO ThEERTE S HRAE T B 2B R (Pfeifer and Hofmann, 2009)

(3) FHERZNWA = 1 R B4 48 8 8 AL R AN R R DR R & 311 2 B R A i L
REWG B AL 45 JE AR — 3830 . 2002 4F, Lois Z5H FH HIV-1 SRR BEEAR, #5407 B4 5 R IA
JE BT GFP L, B VSV-G A5 BB R 0k, 2492/ NRUR ARG, w7
RN (80%), FH7E GLARVKEIIE] T GFP (J3RiA (Loisetal., 2002) . 2004 4, McGrew %
G TR 155 75 1) % B BE RIS 3R WA A S DR 1) A B A% 88 0% 1T ik 45% (McGrew et al., 2004) .
L IbIRIF, Chapman R85 25 58 — R SCH 1AM LK) GFP fEXS rhdhAT 2 S MEik, H GFP 1
A G1~G4 AR e FiE, RRAFERFYIER (Chapman etal., 2005) . [ AN A% 2 thF % 7%
T 1) 455 3 R XS (O AIF 7T HR RS T AR KR fE o 2015 4F, S [RIHr 55 i 18 B 4Rk 1 vk, I3RS
TAEEIE RIS HNP4 R IE N, I HAMER HNP4 e 7E G1 Al G2 AL IL RN hfa e 3
B CFEHE, 2015) o [AIAE, SRS IE IS A v, R AR I O HE NV B A R 1
TS BRI N, I3RS GO AU ENRG, Gl MEFE T NIEHEEE N E AP RE (B0,
2015) . 2017 4, [ AERAE A R WSy S 180 5 VA SRS 1 ARA LTF R RS, JF HaRv T
BT JF AL E KA R EE B A A s (FRE S, 2017)

1.3 DExD/H-box & H 3 i&

1.3.1 DEXD/H-box ZRFkHIZEH)

DEXD/H-box FKiEH Hie—R A TRZAEY. BEAY. AR SEEMMHY, &
5 RNA Bz EH (RNP) EAWEE K E N RNA f#iERE, J&T RNA fRIEREE R KK 2 B
(SF2) o ZFKIGER A &R AR EREZ O g5k (B 1.7) , B RecA FEERIRS5#43 (DOMAINS
11 2) Hpk Jankowsky, 2011) o 7E=ZEZ5Hrh, Shft 1 ANS5Ha I 2 J8 i e PE e Sk 45 i fR
SFRFT RN, IS SRS AR . TR O, B 12 MRIER T (O
JFQ, I, la, b, Ic, 11, 11, IV, V, Va, Vb RIVD , TEA[FSBIR LB 7 1 Of 57 K AFAE 22
o BOOEEIRIE T RNA f# R LUK ATP a1 77 200 RNA el RNP 45 14 # 4 1) m]
REME, A% 0o 2 ) 98 i g P A8 PR B 22 K3, 9 AR iy X sl AR 2 35 2R iy X 38 7 5 Mk P B SK 2 )

AR
RNA helicase core

N terminus RecA-like Domian 1 RecA-like Domain 2 C terminus

Q0G0 POH®d O®OL® @

[E]1.7 SF1FASF22E H ARNAREREERZ: 045+ (Jankowsky, 2011)

Fig.1.7. Structure of RNA helicase core in SF1 and SF2 proteins

1.3.2 DEXD/H-box Ri&kgy 5%

DEXD/H K& A FHETE R % R IR -1 A IR -x- R A RIRIA R VR I MR 4, " AREER
8
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FEIR o MR DR ST AR IR BEHE /7 11 Hh & B R 7 H1I i) AN [F), DEXD/H X5 7] 7379 DEAD-box. DEAH- box.
Ski2-like-box. RIG-I-like-box. NS3 ZEV 5% (& 1.8)  (Fullam and Schroder, 2013) . 5T iESE,
DEXD/H RNA fi#tjiehs JL-F-2 5 1 FrA 8 2 RNA ARSI SC I 4E LA, 40 mRNA BTN B3
FHPEA RNA [fif. Ik, MOkBZ 1 78 K I DEXD/H-box fflighil: 1M iRest, £A
[FIRB MR KB R e 25 RIE RN BFVE R B IR IR 2 3 2 5 T HE &8, f£2F0%N

BRI AR R R EEAER .
EFQ R Kl ERD BRI KR RFV O BV HERVI

[£]1.8 DEXD/H-boxZ % & H MR T £ FF
Fig.1.8 The conserved motif of DExD/H-box family

N§3

1.3.3 DExD/H-box 3% DDX21 EHEINRERE T

B JE A AR ) 2 0 52 IR G R A B = AR AN [RIRE FE R S, FEIR LA, ML S s 4 T 7E 2
P2 AR E SRR 41 BEA TR, 32X 28 S AR BT R AR08 SR A R 51 4 1 B A PR s R AR AH DG 43
T4z (pathogen-associated molecula pathogen-associated molecular patterns,PAMP) . 5 [ J JE 44
IR, B35 RNA, ZF4] DNA LLE 6l a AU RNA, #ATES PAMP 1 2 i sz
WRE AR IS NG S, FSPUREE TR (nterferon, IFN) 143151 k& — R 51 5%
N[N . DDX21(DExD-box helicase 21,DDX21)# H1 Flores-Rozas 2514 X M\ Hela 2 i [y k% 42 Y
Vb %8 AR TERS  (Flores-Rozas and Hurwitz, 1993) . WFFTIESE, HAMNZ 5 mRNA Rifkin L.
BRI A . RNA IFGS RSS2 P EY) =l /8, M BAES 5P RR R g s
IAV. HIV 1 DENV % £ i 2% [ 3 58 )5 51 3R 5 T B 268 (Calo et al., 2015; Fullam and
Schroder, 2013; #f37.= etal., 2017) .

DDX21 {ENEAEEAA 25 rRNA [N, DDX21 KA AEHE Mk 3R TChE 50 £E40 B b
20sRNA | 18sRNA i L, FF33 28sRNA [1F#f#. Henning F1 Zhang S5t 7t i ST BA 40
DDX21 FE [ ik, Aefg s 4t 18s A1 28sRNA 77 A4 JF k22 4 o 1 5, $27~ DDX21 v] i 548
H A KA EE R A EAE R, S 540452 (Henning et al., 2003; Zhang et al., 2014) .
DDX21 (PRI 25 a3 ] LA 5 5 R c-jun M i XA EAER, 25 c-jun 21
UL ROE I A . 2015 4E, Calo 25 &8 DDX21 AJ L& RNA R 4&EF(pol)l F1 11 [EESIRES,
I 4546 pol | pol 11 K4t iz btz i F = At RNA, 14 NS0 rhaz bR A= P& ik
(R (Caloetal., 2015) .

BEAh, 7 F AL O R YT FE, DDX21-TRIF-S100A9-TLR4-MyD88 & &4fE A—FhHi Al

9
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G FeMLE, AR R R R R I R R M. (Tsai etal., 2014) o TEIEH B LY,
DDX21 5% PB1 & 45 & I RS Ba 10 & e, AT B 25 (0 ), ARG 5 1,
TR NS1 25 Al 5w 4+ 1) 55 DDX21 454, Bl PBL £ [ il DDX21 s 25 & il iy 4 H
(Chen et al., 2014) . 2016 4, Dong Ml 7t /INeH i BRLAE 5 # #4093 £ (Dengue virus, DENV)EL (1)
YA, DDX21 MAH A% 2 214 M o7 DSOS R ARG IO, IR e B HHMH] DENV 5= 1,
J& 1] DDX21 #dp #5 NS2B-NS3 2 FRGE SR, MR E T RR Gz RS e it DENV fE15
FEHMFIE R (Dong et al., 2016) o X7k ZEZEHRH AW Z AR poly(1:C) A1 [ pull-down SL56
WER, FEBERER SRR M WMHTUEDmQﬂDWGM%&MMLMMHDH%6E%
Y4t 4 poly(1:C). k4, DDX21 1 DHX36 437l i DUF Al PRK £ FﬁﬁkaTRwEm11Ré*#ﬁ&
Zity, NS TFHES1ES. @il shRNA T2 DDX1. DDX21. DHX36 L% TRIF #a] i) |
F-HZ NG R 1 A HwDDQLmMNWAELLDDQLDW@&HE%%@%TMR
BOE N E 516 SR (Zhang etal.,, 2011) , 155 @B A 1.9 fir.

T
HX9
CJ
DDX DHX3S

IFNB promoter IFNo promoter

[£]1.9 DExD/H-box RNA &g FIESBE&E (Fullam, 2013)
Fig.1.9 DExD/H-box RNA helicases signal pathway

1.4 S BRIFIENX

PR i AR R T BE R T RS I F 2777, CRISPR/CPFL 16— M AL i R Rl g b R, L
A TR SER U S BE R A i T B, (ER R 2 IR RN LB 0 i 75 B T S R e
R Re SLHIE 5K 8 aH M AR A iR A A R WARTE . AR SCRIH 280 T F SRR ER,
ZNMHBEUERR T CRISPR/CPFL ] LA 285 S R L 20 P 200t A 2 Yl 4t e o ) ik DRI 2L i, O HL S5 2
fRIE ) CRISPR/Cas9 R GiAF AL g 2% FELEEAE B A Embr DDX21 FE[HIH)
HEK293 #1344 DF-1 Zfiffatk, #RZE 7RI E RSN SOG4 FREERAE M. o, DR
HEK293- DDX21" g4y, it HON2 TP AIV B4y seibnt DDX21 R 4 42 TR AT
TWHIE. AHEFUEESL 1 TP 200 R Y i ) i BRI 2 RB Y] CRISPR/Cpfl & 4,
ST DDX21 BIAE LI AL T BRAR IR EY , SRyt — DR R BE R DhRe B Ak Gt i ek g
(1) R SR G L2 B s B B0 ML 5 B B ZE 1) o

10
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S _E CRISPR/Cpfl 2%/ SMEFL 3440 fe Ry £ K 4A 4wiE

2.1 #%l
2.1.1 FRAIFNZAAR

pUG-Lb-crRNA (#78957) . pY106 (pcDNA3.1-hLbCpfl #69988) Jii ki s /R VE Tolk K2
SHBEZEN; pCMV-hASCpf1-RFP FkL I H E R 7 e sh it s i de it ;. HEK293 4 fid. Kt
(Escherichia coli, E.coli) DH5a HiAs 25 = {17 .

2.1.2 EERFIFN{YEE

DMEM ¥:7%E. R4- s B Gibco AF]; FHHEF % PBS (Phosphate Buffer Saline) &
SR M TR IS B WG SR B BRI T SR 12 W SR RS ;s pMD18-T 444
5x_oading Buffer H [ FFEZEME . Marker. 6>4%82 FFESE MR H Takara A w5 & R i 14 A4
DIl T4 DNA SR EH NEB A F]; JCNTE R BRI G . 40/ 4H L2 DNA $2HGK
FIGEWH TIAGEN AF]; PCR I BGI&. IR GEIEWE AXYGEN AFl; 4 B-actin He i
TR, Pl DDX21 %L nEHUAIY [ OmnimAbs A YL E Invitrogen A& & f
514 G IR IETEA T A IR ARG BR A 76

NG RELOHL fHIRAHEEOHL. PCR AUE H#EE Eppendorf AF]; TEEHIKME. BT
JEAC H Bio-Rad Aw]; 4HMudEFRFE. MWL FRAE. AV L M E Thermo scientific A ] ; {5
B RAE I F 1S E Leica A .

2.2 ik
2.2.1 L RNIEFE AL

7 NCBI 1% A\ DDX21 %:[H (Gene 1D:9188) , A& T H. chopchop (http:// chop
chop.cbu.uib.no/)fiiE gRNA 751 EFRALT- 55 15 408 THE 7 M8 m (158 £ DDX21-gRNA 741,
Gy MAEGmISEE) 5*umis I AGAT, JEJmASEERT 5 5l AAAA, fiiL5 pU6-Lb-crRNA (15 2.1)
WD) JE T SRR P A i EL b o AR s 5 B Vvt R L O e 51 ) (R RV AL AE A7 B 26551-26795)

KA 5 GERYIARN E N 26119-26730) , F=#)K/IN73 24 245bp Al 612bp (3 2-1)
#<2-1 DDX21-gRNAR 1 5 | M BE%E R F 5

Table 2-1 The oligo sequences of DDX21-gRNA and detection primers
ElEYERN F#51 (53" PCR™ 4 K/

TTGCCACCTCCTGATCGCTGTCCT

DDX21-gRNA
AGGACAGCGATCAGGAGGTGGCAA
F: GGGACGGAAACAGAAGAT 245bp
Short-chain primer of DDX21
R: TCAAAAGGAGGCACAATG
F: TGTTTTATTACCTTTGGCT 612bp

Long-chain primer of DDX21
R: ACATCATTCTCTTTTTGCT

11
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Hh LA AR e i 2 A3 1 S HEE CRISPR/Cpfl RGN 30 7L 3l 440 ML ¥ 225 [F 20 4w 4

Amp

Pug-Lb-creNA
2.4kh

Ori

}7 2.4kb

- e e [ o H o ]7

BsmB I\“iu I sy BsmB I| ERTIE

[E]2.1 pU6-Lb-crRNA B fi &l
Fig.2.1 schematic of pU6-Lb-crRNA plasmid

2.2.2 CRISPR/Cpfl $T#RE A BYH)

2221 HiFEIRAIZRE

AW FCHTAMAI) Cpfl XURLR L 28, 70519 U6 Ja 3T /5 3 gRNA HIRIE(K 2.1), AJK
11 CMV J3 3T )53l Cpfl 31k . pU6-Lb-crRNA FTHIEMACE 2L 13RI #% IR 2-2 AR,
H BsmB | fT 37°CoKiraRH Y] pUS-Lb-crRNA #ik 1h, BEVIF=YI4 1% Ml ke sk
30min, I EER BB F AT LI TS 3K/ 2409bp 19 H g%, DI A, FIREER G
G UL R H B BOsAT [lfetife,  BIFS3] pUB-Lb-crRNA A 2L

$2-2 pUB-Lb-crRNAS Z2EE Y1 1K &
Tab 2-2 Digestion system of pU6-Lb-crRNA backbone

%l M=
pUB-Lb-crRNAJF K 2ug
BsmB | [ 2 uL
Buffer 3ulL
ddH,0 hZ30 uL

2.2.2.2 Oligo iR A2 R W& DNA
YA B 5| DRI 22 100pumol/L, HX S N UFBEVR & (1 IE B Oligo ¥ ATIR /K,
95°C5min, -1C/s BFIRZE 25°C. RNk RUWFE 2-3:
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#*2-3 IRARRFZR

Table 2-3 Annealing reaction system

e A
1E#£Oligo (100pumol) 10 uL
J24%EOligo (100umol) 10 pL

Buffer 5uL

ddH,0 25 uL

2.2.2.3 DNA Hhi%#E
ALY J5 R BED) B A 2 5 1R K SR TR DL 1:3 (B R B AT &R Y, T 16 C 4R
WER R, ERARR R 2-4:
-4 EER KR

Table 2-4 The connect reaction system

vl M=
TAENLE 1 uL
10xBuffer 1 uL

pUB-Lb-crRNA 2uL
B 6 uL

2.2.2.4 [FHI DNA BY%E1L

(D) ¥ ERERFY IS DHSo 2T, HERIRA,

(2) vk B E RS, 42°C/KIE 90s, Wk E T-vk b 3 min;

(3) JIA 800 uL TehiAEFH M LB MifAR FRdk, 37°CIEIEREIR 200 r/min & 1 h, =iF 3000
g/min 5.0 5 min Y ;

(4) 200 pL K5 FRIEET EP &R MRS, ¥A1RA T LB A (Z-%PitE, 100 ng/uL)
B FJCE 10 min 5, T 37 CHEIR R =465 B 195 12~16 h;

(5) PRHCARVE T2 R PUPE LB kR IR dkr, 1597 12~16 h J5, #& MR TR/ NMEBUR IR IR
) v BH A BRI B iE i 44 W PP IR Y JBURE A pUB-Lb-crRNA-DDX21.

2.2.3 CRISPR/Cpfl R & & kpytaE

AR TR CRISPR/Cpfl #iA#44& pY106 (pcDNA3.1-hLbCpfl) L4 G-418 153 A,
NP RIS BH PRI I 2R, MR RFP %t i #ik, TRk mT LA o A s sl
NN G-418 FRde BHYEANPR, $2mimig iR

13
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E2.2 FhiEE
Fig.2.2 Schematic of plasmid
KEIAJpY106 (pcDNA3.1-hLbCpfl) Fik# &K KEIBJIpCMV-hAsCpfl-RFPFIEH A4 1
CpcDNA3.1-LbCpfl-RFP 2k 4544 4] it
Fig Awas the map of pY106 (pcDNA3.1-hLbCpfl) expression vector; Fig B was the map of pCMV-hAsCpf1-RFP
expression vector;Fig C was the map of pcDNA3.1-LbCpfl-RFP expression vector

CRISPR/Cpfl ‘HZ4L3REL: %MK 2-5 WINEFR, £ 37C/KIBEHTH EcoR I/Xba | Xf
pcDNA3.1-hLbCpfl #ifk (& 2.2A) F pCMV-hAsCpfl-RFP #/k ([ 2.2B) 43 HIEEY) 1.5 h, £
1% T WE B F vk, I 28 AMBEIR R SR GEmT LU 523 9189 bp Al 789 bp 1) H 5%, 73t H
(27 [l SO FEAT 24K

£2-5pY106 (pcDNA3.1-hLbCpfl) K RFPH EZHESHIIKZ
Tab 2-5 Digestion system of pY106 (pcDNA3.1-hLbCpfl) and RFP Fragment

%l M=
pcDNA3.1-hLbCpfl #2 g
pCMV-hAsCpfl-RFP

EcoR | 2 uL

Xba | 2uL

Buffer SuL

ddH,0 20 uL

W2 2-6 iR, ¥4i40)5 1) pcDNA3.1-hLbCpfl # A B2 Fn4lifk [A1Yic i) 789bp FJ RFP J B H]
BT YT DNA WRFE )G, &M & 48 BB R i = Lh=1:3 I LL i, FIH T4 DNA ZE#2
g, 16°CHERIIH .

#2-6 CRISPR/CpflRIAE A IEIER R i 7

Table 2-6 Ligation reaction system for CRISPR/Cpf1 expression vector

%l M=
pcDNA3.1-hLbCpfl & 42 1.5 uL
TAZEER 1uL

RFP F B 0.4 uL
10xBuffer 1uL
A 6.1 uL

ROERE WAL T K FF A DHSo BB SAI T, AIFEHiR R a8 WA ITIE, 195

14
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W Amp HittE LB £55% 4%, E T 37 CIEIRIE RIS BOE 77 . PRI TR TE R IR 14~16 h 5 /M
Fi. 28 EcoR I/Xba | XUEFVIJG, £ 1%3lahE e ok e 5, R IR 00 ORI 28 35 R A8 12
LRI Y s F AT A 44 DU IEAf IR BURE A pcDNAS3.1-hLbCpfl-RFP (] 2.2C) , KSR
ki, -20°CHRAT .

2.2.4 ‘ARERYIE TR R B2

2241 MR EGFESE5

PARARAT: RS RIFRIANHE, F 0.2500BRREIS 1 AT, 44740 A IF] H BRI B 3%
WA (5 4 4 i R SRR, NN DMEM 58 415 745, 1 4t e e i MORUEE T, 1000 g 250> 5 min,
FEEFRE, OH DMSO M4IMIEFRCH A E &, 3B Ms S, iEgmEaR. &
£ H RS B BN MR A7 S R B B PR S TRR A

AR TR AR EE R B VR A D0, PRod B T 37 CIEIR K B s R VR« AR AR R Y
M B T 20, 1000 g B0 5 min, R BiE. F 1 mL % 10% FBS 157735242 B A,
AR AMRE IR, N 5 mL B Rs s, BRRAIEIM, (FMREREFRETIS55mh, B
T-37°C, 5% CO, 4Hfuds 7= s b+ .
2.2.4.2 {HRARVEE SR R AR

Ry EEAT B 25 B 2R K25 80%~90% M, EHE T/EG W, FFEIHRFRE, AN 2 mL KEH
PBS W&, TRV 3 K. M 1 mL JEEGH AL, R Rt I8, Wiy 50
BEFRMIRHR, RrFRAR ThiE AL 1~3 min,  ZE4H Mz AR (51 sl 52 21 /D s A0 M VA B, s N R A
IR, WRSTRREE, BN 2 mL FrEERIRE A ANtk , BRERITHUR, EAIE AN
BATHARES 7
2.2.4.3 YHREADRGERT AL

(L) EFA KR RAF AN, 404K % A 80%~90%HH , Fidadi il 775, KK PBS
Y 3 Uk, IR EEEAL G, 8 FTEE DMEM B4, B, 1R 510°/fLIEM 6
FLEEFRM

(2) ¥ YL 1 h B TC AR IR 5L, AN RE AR Bk 6000, 4% B0 IH iR VR AT 4 i %
#t, ¥ pcDNA3.1-hLbCpf1-RFP Fl pU6-Lb-crRNA-DDX21 #4A % 1ug I A ZE & 200 uL Opti-MEM
(11 1.5 mLEP & rh, L8R (ng) : FHGAH] (ub) =1:2 Lo, IANEERGRFA, FeiriRsl, &
H 20min JEMZEA . 4ksEREFE 6~8 h;

(3) RIEMBIRE AL, EFERFEREEY), H DMEM R FREE8E0 2 I, INIATE 4
FEE, TRNBRFRAEP AR S IR, Y 24~48 h J5, TEVOGME B T UERgIMZ BaE E)
FiktEit.

2.2.5 CRISPR/Cpfl £ A Xt $E K E R 4R4E

Y. 48h J5, WAL RO RS — D EE AR ISR AE K 41 DNA, HARHIK
FE9 1 pgimLG-418 [ FRAEBEAT ik, R RTEHE G-418 HUREIREE, b LRk 2 Km, Al
JH it 2 B A5 2K 82 s e AR 21 ¢ ' B 11 B T R A 22 96 FLAM B IR AR, S BAR AR 24 FLR,

15
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25 R IR 3| 90% UG AR 35 7 Al P 4k AR AR, 40 A A 4 FE A1 B 2 2L TR 4 DNA $REGRF7 Siid B
PHEEHL K 41
2.2.5.1 $EEFEAYY 1S

DUL Lol o B 20 5 (R 20 DNA A#5AR,  PL Long-chain primer of DDX21 4514 PCR 31

612 bp FIH I B, ONAR RUNER 2-7 Fios, ONAFEFA: 95 CHIA!E 5 min, 95 ‘CAZ4: 30s,
50°CiE-k 30s, 72 T ZEf# 1 min, 3t 30 MEH; 72 T A 5 min, 4T 547

#2-7TPCRR FIiFF
Table 2-7 PCR reaction systems
g%l &
HE[KIZHDNA 2 uL
Ex Taq Fg 25 uL
EiEsI 0.5 uL
DELY 0.5 uL
ddH,0 N ES0 uL

2252 T7EL BgiI % E

T7EL S8 Hr P8R H PCROIBVE XA G 24k PCR 774, 2405 i P0iR K I e ik, hn

AN TTEL IR, 37 C/KIE 2h, BEUIILE 2 YRR ik 52 « MR BT Image J 734 2%

WORKFEAE, HIBIE AR FEIEIER: Indel(%)=100>41-(1- U1 E 7= A5 3 2 5 1 2K BE AL 2547 11
IREEH) ]
#%2-8 TTELIN & R 44 5
Table 2-8 The reaction system of T7E1 assay

SR M=
TTEL R BG 1 uL
gifb [{IPCRF=4) 2.5ng
10xBuffer 2 5uL
ddH,0 FhZ250 uL

2.2.5.3 #EERLFR DDX21 EFEAY HEK293 4Amtk

FREUAT 4 M A 2 e 40 B () JE K 2 DNA, ] Short-chain primer of DDX21 5| 43#47 PCR ¥~
3, JE R B kAT YI2E 0T, PCR 45 PMD-18T #fk 16 CIEid i, MRJ5HK
EEFIMNKIGAT I DHSo SR SZ 4540, 7K 30min, 42°C# 90s, VK 3min, B ALF=4)
BIE iRAT S Z P (Amp,100 ng/ul) LB [R5 d, 37°CRRiR:gR, WFEE.

F2-9 TARPER FAR
Table 2-9 The reaction system of TA clony
JSANAE il M=
PMD-18T#k /4 1L
itk FIPCRF=W) 2 uL
Solution | 1 uL
ddH,0 FNES50 pL
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2.2.5.4 SDS-PAGE

IEHUE R DDX21 B RAZ A, — A TAERRAE, 57—a 5 IEE s
F7 [F RGO A . RIPA UK_EZ4AR 410 30min, I\ 5>SDS loading buffer J&%7, /K% 10min,
FRERTARE Sl AT SR A IR B PR, VK 8 B RR AT 4 3R, 590 bifls Wk 114 1h, PBST ¥k
5 min>3 %, F/NEPTA B-actin(1: 15000), /MRPi A DDX21 (1: 20000 , Eii§F & 1h; PBST
ek 10 min>3 7%, AL EPT/N R 1gG(1: 10 000), iR E 2h; PBST #ti% 5 minx3 Ik, PBS ¥t
B 5min>B IR, A ROGIER NN 4%

2.2.6 BREmEM

FHAE 2853 4k £ (http://chopchop.cbu.uib.no/) &+ T 3 AMETEMI B #4755 SCHLAPL. RP11.
FAM135B 45 2-10 7~ o 43 7 e EAH R PRSI 51 904735 436 bp. 636 bp. 444 bp 1) PCR =41,
HEAT DNA [2ify, FFHaR K, FIH T7EL BEUI 75 ki TRl .

#<2-10 DDX21E 7E R 0L 2
Table 2-10 The potential off-target site of DDX21

B[R 44 PR L P 51(5'—3") el 514 PR
SCHLAP1 CTACCACCTCTTGATCACTGTCC F: TAATGAGGCTAAAAATGG 436bp
R:CTCTAGAAATCCTGGGTG
RP11 ATGCCACATCCTGAGCTCTGTCC F:CAGGTCGTGTGGAAGTGA 636bp
R:GACAAAGATAGAAATGGG
FAM135B TTTCCACATCCTGATGGCTGTCT F:ATTAGGGAAGTAGAACAG 444bp

R:CATAACCAACGATATGAG

2.2.7 ‘ARpIES

HIN2 W &% (HA A 1: 128, TCID5=10"°) , UL MOI=1 [JEEFM4IiE, 37°CH
FEFAHPEEFE, 6 h. 12h, 18 h. 24 h, 36 h A[A]H [a] 5SS EL 3/, 4630 TCIDsg, 221l 75 7F HEK293
YR A 2R

2.2.8 WRIAFZE, WMEEFEIFEESEE mMRNA RIAKFHEN

FEAS RIS (] s USCH WT R4 e B e s i B3, BAMEmiE 3 A TATFEAR, $2HK
RNA, S5 cDNA; %)% & PCR Kl TLR-3. TLR-7. MDA-5. IFN-o. IFN-B. IL-6. OAS
JENFKILE, LL GAPDH ANSEER, KA 2— LTt 5.

#<2-11 HEK2934HR X K EEPCR5 |4
Table 2-11 Fluorescent PCR primers for HEK293 cells

ElEUELR S FFH(5'—3") PR AN
TLR3 F: GAAGTACTTGACCTGGGCCT 167 bp
R: CTTCGGAGCATCAGTCGTTG
TLR7 F: CCCATCAGAGGCTCATGGAT 155 bp

R: GAAGTATGGGTGAGCTTGCG

17
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r AR A e A 2 18 S 5 5 CRISPR/Cpfl R EES T FLN WA H ) 3 A 41 G

(#E52-11)

ElEZEZ S FP5(5'—3") PR N
MDAG5 F: AGGGCCAGGGTGAAAATGTA 126 bp
R: TTCAACTGCCTGCATGTTCC
IFN-a F: GTCCTCCATGAGCTGATCCA 161 bp
R: GTTTCTCCCACCCTCTCCTC
IFN-B F: TGCTCTCCTGTTGTGCTTCT 121 bp
R: AAGCCTCCCATTCAATTGCC

IL-6 F: TACCCCCAGGAGAAGATTCC 175 bp
R: TTTTCTGCCAGTGCCTCTTT

OAS F: TGGGATCTTCTCCCACACTC 180 bp
R: AGCTGCTGCTGCTTTTTAGG

GAPDH F: GAGTCAACGGATTTGGTCGT 208 bp

R: TTGATTTTGGAGGGATCTCG

2.2.9 Giitoih

FIF Graphpad prism 6.0 B AF AT SIS0 8, Tukey’s test F T &4 58 2= o0, P
E<0.05(*)FRZEFBE; P {H<0.0L(**)FRZEFWEE.

23 &R

2.3.1 CRISPR/Cpfl TR R iR S &AL E

JR#4& pUB-Lb-crRNA FIE 21 474 pU6-Lb-crRNA-DDX21 R4 24bp gRNA A[FE], HA#H
FIE . B pU6-Lb-crRNA J5 (& 2.3A) 5 gRNA B k=i, K EAH# A pU6-Lb-crRNA-
DDX21 A KT B2 A4, PRECR se b R b b3, SREUTRDE I 7 %, 7 4
RE WA 520K 2.3B), X HHTHEEAK pU6-Lb-crRNA-DDX21 4 & il 1) -

M cut uncut

A

2000bp

1000bp
750bp
500bp
250bp
100bp

[E2.3 $TEHIFHILTE
Fig.2.3 Identification of expression vector
EIAZpUG-Lb-crRNAZ AR I 45 FAsill; BBy 9T #E B A rll i 45 2R
Fig A was the enzyme digestion for pU6-Lb-crRNA; Fig B was the sequencing results of target sites in expression vector

18
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N TR T JEEEsge IR R Tk & 5, 58 NJ1. WA B, AHE ST Xba 1/BamH
| W) 34K pCMV-hASCpf1-RFP Al pcDNA3.1-hLbCpfl 43 5l35%43 876bp ] RFP F Bt (& 2.4A)
% 9335bp ] CRISPR-Cpfl &4 (K 2.4B) .

A M cut uncut B M cut  uncut
15000bp
o
5000bp 5000bp
2000bp 2000bp
1000bp 1000bp
250bp 250bp

[ 2.4 pCMV-hAsCpfl-RFP Fi pcDNA3.1-hLbCpfl BRI MLER
Fig.2.4 The results of the enzyme digestion of pPCMV-hAsCpf1-RFP and pcDNA3.1-hLbCpflvector
HERA I E A AT Xba /BamH | B ) DL J0Ks CRISPR/CpfL £k 4v 2 HEK?293 il
e . RABMRZ BG4 S FUIOC/MEF R H 56T (B 2.8A) 5 [FI, 7EEIE 7O
e N AT MR B Rk A ok, BB RFP T AR N SRR A T, RIh i E pcDNA3.1-

hLbCpfl-RFP EiE#if& (& 2.5B) .
A M 1 2 3 4 B

10000bp
8000bp
4000bp

2000bp

1000bp
500bp

250bp

[£12.5 pcDNA3.1-hLbCpf1-RFPE 4 #6345 3R
Fig.2.5 The results of the enzyme digestion of pcDNA3.1-hLbCpfl-RFP
ElAKiELyXba /BamH IBFDI 84 EIAKiE2yBamH 1Y) 814
KIAKiE3 s Xba IBEUIEAA;  EIAbKEA A2 P ]
Fig A line 1 was Xba I/BamH | double digested vector;Fig A line2 was BamH | digested vector;

Fig A line 3 was Xba | digested vector;Fig A line 4 was control
2.3.2 CRISPR/Cpfl #%ER B E M4

NYIE CRISPR/Cpfl R 4ifE HEK293 4Hi i[5 DDX21 LA wiE R, Awtytilid T7EL
IR BEHEAT VI FI 452 - PCR MY e Yk Je G-418 1k J 21 ML S xof 4L 5 (K 4 DNA, R A PCR
PRSI PCR purification Kit 2li4k DNA F B, £ 2 %35 IR M e FLik /01 gRNA G # R f4T
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BRSBTS IR FE M T gRNA FTHERCE 2] 4 56.8 % (8] 2.6)

M cut uncut

2000bp

1000bp
750bp
500bp

250bp

100bp

[E12.6 T7TELMgRNAYIEIZIE
Fig.2.6 T7E1 detects gRNA cleavage efficiency

2.3.3 T2 ERIFR DDX21 ) HEK293 AR R AVIEST

NT B IGAE CRISPR/Cpfl R Gi#E A DDX21 FE A 2R AR RG K, Kt QA A% 43 8 J 433k
(MZHHE, PAGE B HLIKHAT WL %8, tillgs BRI 1~6 SHEMmBERUR A mibr (B 2.7) o FHM
PCR #15 pMT-18T #A SR FIEATNF, 4 5. 6 F7r A8 16 bp. 26 bp, HRHFEM
KA G R R R B R AR BRI RS I A, DL I 45 53R B CRISPR/Cpfl R Giheie xS

Wit L2 HEK293 4 i () 25k K 2H 9 5
WT ok M 1 2 3 4 5 6 7 8

—WT  5-AGGCAGTAGAGGCCCGAGAGGACAGCGATCAGGAGGTGGCAACAAA-3'

—16bp 5-AGGCAGTAGAGGCCCGAGAG TGGCAACAAA-3
—26bp 5-AGGCAG GAGGTGGCAACAAA-3

2.7 ZEQRNAGL R ERK R B e fE LA AR
Fig.2.7 The deleted mutation of the monoclonal cells at the gRNA site
TRIZEFP I 9P it gRNA; LA AIPAMF Bl «— 9 SRR J BRAR ROk Bt
The gRNA target site was the underline sequence; The PAM was labeled in overstriking; “—”was the deleted base after
the mutation
% DDX21 F:[R B2k 16 bp (KO-16) . 26 bp (KO-26) 4 fifl Az 1E ¥ ) HEK293 $2 B M [,

Western blot #6145 5 T R 3k 15 2 MRk DDX21 [ 1) HEK293 4Hifin (& 2.8) .
WT KO-16 KO-26

BEKD  i— DDX21

AOKD N — — (-aCtin

[]2.8 Western blot&;lDDX21-gRNARK#E [a) B R SR
Fig.2.8 The targeted knockout effect of DDX21-gRNA measured by Western blot
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2.3.4 PRERIEMLER

JBESS. [RIFEAAAE T CRISPR/Cpfl 24t N T KllAHT 5+ CRISPR/Cpfl R4 HIFE 14,
I AE LR B e 45 2 St v 1) = NV AE B BT A, DARRESR2H Bt B A 4 P L [R14H DNA AR 43
W41 436 bp SCHLAPL (& 2.9A) . 636 bp RP11 (/& 2.9B) #1444 bp FAM135B (& 2.9C) [¥)

JrBe R TTEL B UIAGI,  ARAGII 2 i B RN
A M ko-16 ko-26 WT B M  ko-16 ko-26 WT C M  ko-16 ko-26 WT

2000bp 2000bp 2000bp
1000bp 1000bp
1000bp 750bp 750bp
750bp 500bp 500bp
200bp 250bp 250bp
250bp
100bp 100bp
100bp

[E12.9 Rl 2R A A At BB R A6

Fig.2.9 The detection Knockout cell lines off-target effection
2.35 fREEKEI%

i 2.10 AT 50 5 BRI L L A b, 6~36 h AR (L TE A 1.17~3.01 1%, HH7E 24 h ik 7|
I (P<<0.01) , 36h BEERRA 5X TR ZE R T2 (P<0.05) . £H%EH: HEK293-DDX21 2
M R R T RIERR

5o -8 WT

- HEK293-DDX2175% %
4_ *%k

viral titers(IdrCIDg,)

<& \q;o \@p qub f§;¢
hours post-infection

[£]2.10 & AEHEK29340BE_E A4 ik
Fig.2.10 Growth curve of virus on HEK293 cell

2.3.6 R INFFZA, WMEEEFEIFEESEE mMRNA RIAKFHEN

Pt E B PCR AL IR 32 44 20 K7 R Hi 88 8 1 mRNA kK, 4R ER:
Fr4H TLR3 mRNA FIA/KFLE 6~12 h K T X ZH, 18 h IFIAEIIE(E (p<0.01) (Kl 2.11A), TLR-7
BRI RIA A 2 (B 2.11B), MDA-5 FKiA/KF X2 2.04 £ (p<0.01) (& 2.11C); ifi
OAS mRNA L 4HfE A IFN-ov IFN-B I8 7K B AL T3 2 (p<0.01) (& 2.11D-2.11F), IL-6
BT E R RS, EREACHRT X IRA(E 2.11G), FHH DDX21 K FkHKT DDX21-
TRIF-MyD88 {5 ik, i | 4R RAEHR TP H Rk

21



Hh LA AR e i 2 A3 1 S

A

O HEK293-DDX212%%¢

Sofe e S

o H
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E2.11 HIN2 &2 FEHEK 293-DDX 21 2P 4 Bl 2

TLR-3. TLR7. MDA-5, OAS. IFN-a. IFN-B&IL-6 MRNAZE{L

Fig.2.11 The Changes of TLR-3, TLR7, MDA-5, OAS, IFN-a, IFN-$ and IL-6 mRNA after HON2 infects

HEK?293-DDX212%% cell line
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2.4 1+1if

CRISPR/Cpfl &4t H fi &K B 5 f&] B 1) —FF CRISPR #4t, HHILLIK, CE&iEZNAF
YiRh szl T BN gn i, BON5 CRISPR/Cas9 A B #h7e I SE R gt T 2 o 7EIA P AU 2449
Firh, WEFE FIH CRISPR/Cpfl RGBT RS H AR . KA B R BREIRAT B A HEYG 74
FRER CARCRRE . KRS KRR R K R R gn il (1 2., 2018) o 7F A0 MR 7L 3h 4k,
CE Z WU Cpfl BRI ARSHERL R ARG, DNRIEHE. K&, Rid. ZRULIEEA
[ J2E D] (1) 3 AR AS RO, X MR R SE R DA . 7 R AT 40 i K sh s R4 746 20 T2 (Hur
et al., 2016; Kleinstiver et al., 2016; Tak et al., 2017; Ma et al., 2017; Wu; et al., 2018) . B FEilFsE,
Cpfl AMXEA REFMUIENEM:, M HRA & ERR M. 2016 4, Jin-Soo Kim %57 H
Digenome-seq 7 AilFBH Cpfl % crRNA 54 DNA 2 [a] LA e bt Cas9 B hnfiuek, H. Cpfl f
i BB %08 L Cas9 ik (Kim et al., 2016) . [@]4F, J. Keith Joung #F 5t A A S | GUIDE-seq %} AsCpfl.
LbCpfl 5 SpCas9 £ A AAJk [ 4H v it S A7 s o RATIMZE AT LU0 AT, S5 R ow Cpfl i E ML
FEAL R W RART spCas9, HEAL K ZHUMEEAL ik, RAAE A B E (Indel) FARZIL T 0.1%

(Kleinstiver et al., 2016) .

N T BAE Cpfl A FREEIEYE, AWFFLE S 7 I8 gRNA F1 Cpfl XUFRLR IS R4t FHAE
HEK293 2 il i pili b3 DDX21 J: 33047 70 M. 78 gRNA Rk #ifk i, U6 5 3h1 1T LA ] gRNA
B3k, KR TR gRNA FEFE S U6 J3 3+ T BsmBI BN UIA7 sz HY, pU6-Lb-crRNA #;
5% BsmBI B ) 2 A6 7= A2 Tov: F MU IR PE AR 0ty o DRI, gRNA SERZ IR 17 41 18 B 7R
Ui N ISR P R v FLAMRI B, 2FR P EIR K G T 52614k pUB-Lb-crRNA &% TifE. B
HF] ¥ pcDNAS.1-hLbCpf1-RFP $i 5 4k [FI B iy A 20 8 758 el 5 B [RIAT G-418 25 st KL A,
LLESOGHE A MFRIEAML B SRR PURLE: J A A0, [FIR oy G-418 234t 7 e £
L. T8 25 4 0% 10 706 A Al B SE A 50 CRISPR/CpFL #E i (1 P 4, $% 5 5 PR AN 265 47 s ok
FERE IS I8, KRR 7 SE 1A R DDX21 R REh R, sl 17 I 482 B 4 i s e A
AHIF TR CA R 55, 0 7 B BRI R U R e s HEK293 4T, 48 G-418 Ayt 4 f A ik, i@
LRI . Western EZEAGIIE/R354F 2 & DDX21 F[KFaEmiFRA) HEK293 4ifutk, iH
CRISPR/Cpf1 %= R it H A& —Fhm] DASEI H 13 R BR A 2057 [, AR 58T
AR R, Gkl 2.9 Fs, 6 3 N5 gRNA FELE/N il Bl L 65 e R 72 AR A7 s B AT TTEL B4y
Hr. R EREFR DDX21 JEA ) HEK293 4ifidid T7EL 1) Ja AR A I B it s, itk —25
FIF CRISPR/Cpfl R/ T & AN S A AT SRt T H AR SRR A 4l

TUBRH RS, DDX21 5 R E TRIF M EAEH, {23 S100 & A 5 R S100A9
ik, FFGE TLR4-MyDS8S8 12 (Tsai etal., 2014) . Wt E &8 PCR 45 B IR, ik DDX21 3
s, BRIRHI5244 TLR-3. MDA-5 ) mRNA #ik/KF Eif, IFN-o. IFN-B. I1L-6 MFifki5E
9 OAS ] mMRNA 3% /K7 T 1 ; #EM B DDX21 3 K AT GEFH I DDX21-TRIF-MyD88 15 =i %,
512 i TLR-3. MDA-5 [ 2, 0 FiF IFN-a. IFN-B. OAS & IL-6 [1J3iL, M5
R IIE SN, TR 2RE S SR LTS 5 13— 2P 78 . TCIDso M 45 R R, 22 S de i vl
ILE]WT [ 3.01 1%, KB DDX21 DA B 5 i B 2 2 w50, 140 M 5 v 1E i 28 1
AR IE A bk . B FLEE L T DDX21 BRI HEK293 4HMIASEAY, S AH /KPR 5T
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Hh LA AR e i 2 A3 1 S 955 CRISPR/Cpfl F 5041 0 ALl 4H o (Y 5 [X] 2H 2 4

DDX21 FE: K ThaeFe it T R aF fIsLie ik, A7t DDX21 JE [RI7E HON2 7Y AIV 95 2 B e il F2
51 R BT IR e P B S N7 e 97 B 350073 1) 43 F AL AF L B85 1 kAt
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Hp [ AL R 2 e A 18 ST SE=F CRISPR/Cpfl RGN T DF-1 I XA r i 35 K] 2H i

=% CRISPR/Cpfl RZE /538 DF-1 X IB{Rehpy R K] 2A 4R 48
3.1 ¥
3.1.1 #ME. FRIM4mae

DH50 /&2 40f . DF-1 40 FHASEES R4 pUB-Lb-crRNA H /R VE Tk R 22 3 B A %

% B ;. pcDNA3.1-hLbCpfl-RFP Jii Bi f A s2 46 s M & (W 2.2.3) 5 185 5 R I8 # ik

(pY108-lenti-AsCpf1 #84739. pY109-lenti-LbCpfl #84740) 4 Addgene 24 & ; .35 i ki pMD2.G

(#12259) . psPAX2 (#12260) J5ikiL H s 7KV B BRI 78 o E R AR 70 00 FE NS s o B D) M RV 2
REWHRAF .

3.1.2 FERFIFLE

182 ELISA 3 BE IR & A8 a5 3R 4 R AN B el B AL a1 B S e R A R 22
Ay RV B e EAS AR AR ORI B R R R AR A B AR R R AR I
2.1.2,

3.2 5k
3.2.1 gRNA BERHEEHEH A B R H ik iE

HRAEXG DDX21 JE[H CDS #41 (Gene ID: 768898) , 458 —4M & FbATHE MG, St
W34 Chttp://chopchop.cbu. uib. no/) #it 4 MNEEAL S H RS (R 3-1) , 43ilan 4~ C-DDX21-
gRNAL. C-DDX21-gRNA2. C-DDX21-gRNA3 Fl C-DDX21-gRNA4, Jfifiid BLAST #4754t
Xf s e i B RIS B A

#3-1 gRNAE(L S AL HBRFF 5
Table 3-1 Nucleotide sequence of gRNA target sites

44Tk gRNAR 41| (5-3)
C-DDX21-gRNAL ACTCGCCAGAAGGAGAAGAAAGAG
C-DDX21-gRNA2 AGTCTGAAGAGGAGTGCAGCTCAC
C-DDX21-gRNA3 GCAGCTCACCAAAGCTCAAGAAAG
C-DDX21-gRNA4 CGCCAGGCTGTCTTCTGTCAGTGC

KHFE 2.2.2 B77%, MRS DDX21 JEH 14T 134k C-pU6-Lb-crRNA-DDX21, #ifk
pUB-Lb-crRNA HI # 2 2 fA& C-pU6-Lb-crRNA-DDX21 (& gRNA AR, HA# 4 kR, g
FEYNAY DHS o BOZAS AN SR, PRI ve B85 7716 A W)U 7 SRAIE

3.2.2 DF-1 AR A4

DF-1 MR Ye: HYent 24 h, B4 5<10°/FLEERNE] 6 FLHI%E, Franfumta iiss)
60%~80%H AT AL U, 43 WT (HIPEXTHEZH) . C-DDX21-gRNA-gRNAL-4 #4YLsH ., 4
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Hp [ AL R 2 e A 18 ST SE=F CRISPR/Cpfl RGN T DF-1 I XA r i 35 K] 2H i

FHN (R B ki3t 2 g (pcDNAB3.1-hLbCpfl-eRFP: gRNA=2:1) , FIBAE YU FERME 7k e
DF-1 20, R4 BA A0 A, $EEGH 7 4 Mo L K1 41 DNA.

3.2.3 gRNA FEMH

MRYE L PRI R AR T R A A B B, WL 4 M EAL S Y B2 480 bp 2243 A v B (3R
3-2) . PCR ¥ HaAH IR pi 3L K, SRR 25 b, ML A: 95°C 5 min, 95°C 30's, 56°C 5min,
72°C 1 min, 30 MEHR, 72°C 5min, 4CLRAF. Z0LJSI PCR F=¥Idt1T TTEL BEV) %7€, BERK
BARGIMEI YRR, RGN A F I FIRCR,

#%3-2 DDX215 |41 51
Table 3-2 The primer sequence of DDX21

BRK elka2 ! FERIR N
DDX21-F GTAGGGGCTAAGGTGGAGAT 480bp
DDX21-R TGTAGGCTGACTGTAATGCG

Y DF-1 402 48h J5, FI VRS MA R A 0 (00 B A I PH R 40, SR Bt P R A
‘4 DNA, PCR =#15 T #fk 16 CiEReid i (3R 3-3) o B “WH% ik DHSo B2 400, 37°C
FLFRAERE TR 14h JE PRI p [, 4% HRBORL /N ) & U B B AR BUSURL, Il 5 NCBI A A 5
BA 7 B33 AT L
#3-3. EERNAR

Table 3-3 The connect reaction system

SRR &
pMD-18T# % 1 uL
PCR™#) 2 uL
T4 1 uL

10xT4 DNAZ#EEBuffer 1 uL
ddH,0 5L

324 EREHEHILE

M 222 W77k, BsmB | BR&IPEEL R A DI GG )18 5 75 8 /K pY 108-lenti-AsCpfl
pY109-lenti-LbCpfl (}¥3.1) , [mIUI2MEE A E 4L, [F C-DDX21-gRNAL iR K & B XU S H
FRFP AR (R 3-4) , B G PHhgnmE Son bR 9%, $RBUSTRL DNA 1% 22 7] U .

#<3-4 T4 DNAE R IEREA R
Table 3-4 Reaction system of T4 DNA ligase

7 HI&
LRI FE A 100 ng
1B K= 2L
T4 DNAEHE 1uL
T4 DNAE#:Hbuffer 1uL
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Hp [ AL R 2 e A 18 ST SE=F CRISPR/Cpfl RGN T DF-1 I XA r i 35 K] 2H i

LTR gRNA NLS P2A NLS  3xHA LTR

U6

E3.1 1EREHIREE

Fig.3.1 Schematic of lentivirus

325 BEENER

3.25.1 8RB ML 293T A

(D FEGERi— R, EFA KRS R AP 293T 40f, M2 15 cm 4N R+, BT 37°C
YAREEFRA T, 4R R A KA 3 70% ~80%I A 4 4

(2) ¥EYeHr 1h, BINE &R 7R %,

(3) HY 1.5 mL EP BN E A 1855 #3844 20 pg. pMD2.G 4k 10 pg. psPAX2 #ifk 15 ng,
JI Opti-DMEM 15775835 2.5 mL, HRWFTIRES];

(4) FHL1S1.5mLEP &, A 80 pL #4471 2.4 mL Opti-DMEM £57%3%, R RA

Y5,

(5) REWHBELER S, BRIES, =IEMNE 20 min;

(6) ¥ FIRIEATRININE 293T B2 ilih IR 2], T 37 °C, 5% CO, fHIG £ 7748 Hh 4k 4233
773

(7) ¥4 6~8h 5, FEEEFRIEL, M 10% FBS (Uit sest, 3R gksli% 5% 48 h,
3.2.5.2 BRBWENRYE

(D) AU EL YL 48 h A1 72 h (40 H3E W, 4 °C, 12000 g 5.0 10 min, W4 HiEH 0.45
um JEASILE, BRI s

(2) ¥ 1855 RIS S IRATAFERE 4: 1R HORE5), B8 T 4 ‘CUKFE, &5 30 min
RE], 4°CHEE 2h Bt i

(3) 4°C, 4000 g &> 30 min;

(4) /N0ER B, WEAGDUE, F 1100 JF EFEARK DMEM E2REER, E85
oy, -80°CUKAEIRAT

3.2.6 1EREEENE

3.2.6.1 R BHEMIRIE NN E
(L) KA P E A A e s A i s
(2) HEB AR 10 f5 5B 10 SRR 45 100ul, FMEIFESAL (S)
(3) #E 10~15min 5, @i 5 E-REE, LR,
3.2.6.2 ELISA £ M8/ EEE
(1) HEBE TR 2000 5B 2 1< (IR
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Hp [ AL R 2 e A 18 ST SE=F CRISPR/Cpfl RGN T DF-1 I XA r i 35 K] 2H i

(2) F HIV-1 P24 HURFBHMEXS IR (PC) %83 3-5 Ikt 1715 L ks
#<3-5 tnEH MG
Table 3-5 Standard sample dilution

P24 R (ng/mL) T YT hrdEm (mL) R (mL)D
80 pg/mL 1 0.15 mL of PC 0.45
40 ng/mL 2 0.3 mL#1 0.3
20 ng/mL 3 0.3 mL#2 0.3
10 ng/mL 4 0.3 mL#3 0.3
5 ng/mL 5 0.3 mL#4 0.3

(3) HEER NGRS, WE 3 ABAMERIRTL. 2 AP IRAL, 1 AN2S xR,

(4) BUHEEARIR, A BALH N 25 pl 2430

(5) Kt 100 pL FRASAE i SRS HERE SN B B FLH, FR%IRS), 37°CHEE 60min;

(6) PetkEx, EoKAR EHTE, ML 125uL IBgLS &4, 37°CHFE 60min;

(7)) PelRBR, AT EEFLINN 125ul JEY) CREAM A F1E AR B Z4ARBIES)) , 37°CHE
F 30 min;

(8) BEFLINIA B0uL bl ik s vE, AR T3 450nm 14k
3.2.7 RMPRYAABIREDESL

3271 ERBRENRETE

(D BAKARS RIFH DF-1 4o fefh T 24 L0

(2) Ry GEEELH M Rk &5 B f 70~80 %), W EIKEREE A 0.5 ug/mL. 1.0 ug/mL. 1.5 ug/mL.
2.0ug/mL. 2.5ug/mL;

(3) BFRHEHEESERIIEEIRIE, 48 h 5 FEA A0 T BRI BRI D J5 2E A e ik
A AT DR P
3.2.7.2 HRMTFIEREE

(1) Fremfgn & B A $] 60%~700%} 5 For el 775, IiN 1 mL %3 Eid R ERA BRI
DF-1 40, %46 h~8 h J& o8 Huprff s,

(2) 48 h JE 0 1.5 ug/mL [REM R, R REHRAMFEIRE SN R, ELEHR 7 K,
IEIPHIE v RE, Jrik 2z 96 LR

(3) srik—fJE, WMEE FSRAMR, AEAERY KIGTR

(4) FEEUER > R A 40 Mo (3L K4 DNA, PCR & #EAL 5 XS (1) DDX21 3 K /741 ;

(5) PCR P 5 pMD-18T #ifA &z, Ak G HhEU R s pe 7%, W7 5 S5 AR B B R A0 LG,
53 BT DDX21 JE Rl 153 & AE R o

3.2.8 BE 18RS L5

(L) JH#: HES T AKIBUEAER, BSOS w25 5),
KRR EP TR ITT, #E SV
(2) FERITE: MG IR AL E ORPIE R RS T /B m i),
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Hp [ AL R 2 e A 18 ST = CRISPR/Cpfl RLi/5 DF-1 Az XA r [ 55 IR 4 o 4

FREGTITEAR 4~6mm KT H, TEEMRES, SR s s O &, WERITE RN ER
BiR. HBTaete e dse, DU, EikAna A ;

(3) A R BAESEK pY 109-lenti-LbCpfl 185 25 E 5 2 IR A% T s, VE R R ST A
(IR B R, 3t gL o R AL s

(4) Bp]: REPRS AR SBUT D MR, BYHUE 2 K/ 3 FBEEAT 5 14 5

(5) WEfl: KB PR RIS M. HSEER, TRy 37.8°C
ISR ALAR N EAT AL, BARIRAE ML 3.2,

ﬁ) Transgene

, TBEN 70%

@—W Lentivirus DNA

in vitro packaging plasmid

o -

3.2 @B AL R ERCHERRIE
Fig.3.2 Preparation and transduction into the chick embryo of lentiviral vectors
FERS IR B AR, SR 8 RUUGAET RN IR, 42 Mk PRI AH SR BRI 45, 230
PRECH AL A XS S AE T XS IR JE [ Z4H DNA, PCR §3¥EIEDE, [RINF 72 R R, B AR AU gk
PK1ZH DNA BRI, SR PO Aa I S B L s 0 20 BT 15 6 A ke ERT o S AR R ) R 5 o
#&3-6 5| MBZEELFS

Table 3-6 The oligo sequences of detection primers

FIA4 R ]l Hli&
zhenghe-F ACTGGGAAAGTGATGTCG eI AR I R
zhenghe-R CGTGTCTCTTATTGATGG FEHI K /N559bp

C-DDX21-F CTGTCTGACGGCCTTGTT K ELAL S 751,
C-DDX21-R GTGCCCATTCTGTTTTCC =1 /N1 78bp

3.3 /R
3.3.1 gRNA RIAH AL E

RV R A0 gRNA SR 275 (GR 3-1) , KFEFPEIR XS TADNA FEFER % H:4R
TRFAL, PRI TERE, SEMUBTRL. RRNEREEE 2 BTN 5, PR DNA Il P45 R EE
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Hp [ AL R 2 e A 18 ST = CRISPR/Cpfl RLi/5 DF-1 Az XA r [ 55 IR 4 o 4

W] gRNAL-4 C5EBIEAAS (] 3.3) o RUFRME 4 LAY DDX21 HP T #EE AL
C-pUB-Lb-crRNA-DDX21-1-4.

DDX21—gRNA Az ACTCGCCAGAAGGAGAAGAAAGAG

o s = cec e e e ro o o

WA WA

[£]3.3 C-pU6-Lb-crRNA-DDX21-1-4M F 45 R
Fig.3.3 Sequencing of C-pU6-Lb-crRNA-DDX21-1-4

3.3.2 Mhidt# DF-1 40f0

Rr o Ml & B2 5 2 60% /e AN, #4 Cpfl FIX A 4 NTHIZ{A C-pUB-Lb-crRNA-DDX21
Y DF-1 M. ¥4« 48 h )5, BIETCRME TS, SRWE 34 Fin: QAN RIR
R E B4, XA T A RIE WA T8 R En, FAMERLE

14.18~17.94%2 |d].

1 P
l 14.18%
, #‘F s . ‘-

l3 4 BRIEER DFleEH’@
Fig.3.4 Plasmid transfected DF-1 cells
FIAN TG FHLET (40029 KB AW FALEF(400= ; EIC IR Hras iR
Fig A was the microscopy under fluorescent field (400> ; Fig B was the microscopy under bright field (400);

17.94%

Fig C was the flow analysis results
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Hp [ AL R 2 e A 18 ST SE=F CRISPR/Cpfl RGN T DF-1 I XA r i 35 K] 2H i

3.3.3 REFRSEE

N T P IAE CRISPR/Cpfl G5 % DF-1 it 5 R4 B bIE], AP FA T7EL R
P DI BEEEAT IRAIE o 44 5% G S B0 20 15 9 1 ot B AL AT PR P S5 R 2H DINAA DASEAR - 23 il 47 348 0, 5 AT 45
KNy 480bp (I H BB, AGE R PCR P44 AlidAT TTEL BRI TA seEMlF R, T7EL
K4 e 3.5 Fron: TTEL By R BEVIH WT 241 M) PCR =475 SRit 24 b 4 ANFTHEHA A gRNA
1 fERgYGE =4 3 %Al B TTEL BRI MG REVINT G 78 T KA — I B 41, A
CRISPR/Cpfl REREWSH AN FAGEE R M i, FLTHEAF 4 A0 1 ml bR A% e =iy 30.0%
M 1 2 3 4 5

2000bp

1000bp
750bp

500bp
250bp

100bp

[E3.5 TTELEGHIEMLER
Fig.3.5The result of T7E1 enzyme digestion
VKIB1-4 9% 4L C-pUB-Lb-crRNA-DDX21-1-4# 1k ¥ikiE5 g B vt [
Line 1-4were transfection of C-pU6-Lb-crRNA-DDX21-1-4 vectors; Line 5 was negative control
%% C-pUB-Lb-crRNA-DDX21-1 4H4lifL 1] PCR />4 5 pMD-18T #/ki%EH:, #41k DH5a JE%Z

AN,  37°CHIE 14 h k. MFEREY]: 30 MUFFES A 10 BRI AR,
I35 15 C-pUB-Lb-crRNA-DDX21-1 JE K@i %% h 33.3% (&1 3.6) -
5-GTTGCTTTTGACTCGCCAGAAGGAGAAGAAAGAGAAGAAATCCAAGCGGC-3' (WT)

GTTGCTTTTGACTCGCCAGAA------------ GAAAGAGAAGAAATCCAAGCGGC (-5)
GTTGCTTTTGACTCGCCAGAAGGAGA--------------- GAAGAAATCCAAGCGGC (-7) x2
GTTGCTTTTGACTCGCCAGAAGGA------=-====mmmmmmmmme- AGAAATCCAAGCGGC (-10)
GTTGCTTTTGACTCGCCAGAAGGA------=-====mmmmmmmmme- AGAAATCCAAGCGGC (-11) x2
GTTGCTTTTGACTCGCCAGAAG AAGAAATCCAAGCGGC (-12)
GTTGCTTTTGACTCG GAAGAAATCCAAGCGGC (-18)
GTTGCTTTTGACTCGCCAG CGGC (-27)

G C (-48)

[E3.6 TAT F&ENI5

Fig.3.6 Sequencing of TA clone
3.34 1@mEHANME

I T4 DNA ZEHHFZE R C-DDX21-gRNAL B K =9 FN [a] U 5 F 2 ME AL 18 5 B AR 42 (1
3TA) , HEREMAMEREEREEM, WP RRARIIE Lenti-Cpfl-DDX21 27 85K 1A Ek {4
(K 3.7B) .
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A ] Al ARk A e A 26 18 S B =% CRISPR/Cpfl RGN T DF-1 KA () 5L M 4 ¢ i

A M cut uncut

15000bp

10000bp
5000bp

2500bp

[£]3.7 Lenti-Cpfl-DDX2U SR H RIAH I E
Fig.3.7 Construction of Lenti-Cpf1-DDX21 lentiviral expression vector
A 5 B B AR i 1) 2485 SRS DU I B9 3B N DNARF B - (]

Fig A was Enzyme digestion for lentiviral vector;Fig B was Insertion DNA sequence sequencing

1

3.3.5 CRISPR/Cpf1 ¥R [a)4m%E DF-1 ZAAR

3.35.1 REFRRERTNENHHE

AN R0 B R A 25 2R R BB M AN 6], R T 1 E DF-1 40 MR i 85 3% 29 W e I B & Tk B, AR
WF TR IEH RE 75 1) DF-1 i faf& 4 6 LAk, LL 0.5 pg/mL. 1 pg/mL. 1.5 pg/mL. 2 pg/mL 1
2.5 pg/mL IR BERREETRIE (] 3.8A~E) , T RTEH G IEMS R I IR I MR 4IRS . 4558
BRI 0.5 pg/mL A1 1 pg/mb B, AR HOAN U, TSR EE R S E] 1.5 pg/mL B, 48 h
JEANM A AR TS, BTRAE 1.5 po/mL A5 920 0 12 ) i & R FE R K .

24h AN
48h . . . . .

[E3.8 A [Epuromycin Z540K E X AR EHR

Fig.3.8 Cell killing effect of different puromycin drug concentration

3352 EBRERE
P AR5 B AR R A I R 5 10 fEm R 8 Sk T A, Wil 5@ R, ZRER
MBI EE A 1.25%10% " Tu/mL (& 3.9A) . ELISA 7775 HIV-1 P24 $itJ5, 53 R?3A%1 0.99
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Hp [ AL R 2 e A 18 ST SE=F CRISPR/Cpfl RGN T DF-1 I XA r i 35 K] 2H i

IFRMERZE (& 3.9B) , T TAMHCEERAN, BEFR{CEH OD i, iHHEEHRIEMEAN
2.5x10"Tu/mL.

-
— W 2
A B - ¥ =0.0213x +0.1695 4
- R = 0.9987
- L&
14
T i b8 b 15 . >
- & FEE
P : e S
1454 T n T ™ T5 i s » .
PR Singnl 10l Sngml gl lngml 0.4 .
] L
Dl 62540 1256 6280 12500° 12540 a
TUml 625409 12508 6250% 125405 12540 @ 20 o 50 80 Lo
P24 {pg/mld

E3.9 18 EEENE
Fig.3.9 The determination of lentiviral titer
3.3.5.3 DDX21 £ [E & FRAY DF-1 ZHAPRAYIE L
VR RE RIS AR YL 4 DF-1 400, T7EL BRUIAIINAE SRRy 4.3% (& 3.10A) o il
WO R Z B R PR A, SRR DR 4H, P 5 R AR IR WP 43 Sl B2k 28bp F1 34bp () DF-1
M SRAHMIE (B 3.10B) , il CRISPR/Cpfl 1845 R Gt RS /T4 DF-1 4 i (1) 5% [K 24 2w

A M pY108 pY109 WT

2000bp

1000bp
750bp

500bp
250bp

100bp

CEATGECCTGAGGCCACCCEGAT Chneinriatateicfai=teiad et cteieiatat el eyt eteietete C C GGG CCCTR
G T S T S 0 (S S T o (i 1 S (S s T CCoRGCEGCCCTR
ycgatgcctgaggccaccoccggato cocgagagcococctat

[E13.10 B{FRDDX21% & #YDF-1£8 bk AYE ST
Fig.3.10 Establihment of DDX21 gene knock-out DF-1 cell line
EIATTELEGY) 4 e 18 R AR (VS P s FRIB Ay R R B 20 ML R P 00 5 4 T

Fig Awas identification of lentiviral vector activities by T7E1 cutting;Fig B was sequencing analysis of gene knockout

cell lines
3.3.6 JEGTIEREMEREN

FGRRIES R B TEDN 20 d, ABFFOR M IRIET B ik, R0 10 S 1800 5 S i A 28 32 kg b
B, i S SRR RS IR B, SOR B LI R K 24 d, LSS RS, X PTA A
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A ] Al ARk A e A 26 18 S B =% CRISPR/Cpfl RGN T DF-1 KA () 5L M 4 ¢ i

ERAHUE TS (K37 SRERIEEFCARE 93.3 %; JFEN AR RICT
IEH A, HAER0y 63.3 %, 1N RRE SRR B, UL IVE S B S S X XS
R B AR .

R3-7 EFIEREHCHELERER

Table 3-7 The ontogenesis of chicken blastoderm injected Lentivirus

A5 IN 2T Al 4t
pY109-lenti-LbCpf15L 6 4 527 83 15.86%
ARCRIRGEEN 30 17 63.3%

IEH AL 30 28 93.3%

9 TSNS 9 55 2R 0 6 75 0 4 A DR 2 AT 22 K] 0 00 DA R 08 B A I 18 0 2 2 15 R 5 B D AL
L, RIUR BRI CkEFIEE 8~21d) KM AESHLEEFLA DNA, PCR ¥ 185 4L fifr
FUH R B, 3 5 A I P A v A v 0k DR R A I 38 A P Bk gk (181 3.0, R DRI P45
FIFFEA KN ] DDX21 FF IR AL o

M 12 34 56 7 8 9 1011 12 1314 15 16 1718 1920 21 22 23 WT K

200bp
150bp

100bp

[E3.11 RAMHmELIL AL F KSR
Fig.3.11 The result of Polyacrylamide gel electrophoresis
¥kif 1-23 AR FEM; Line 1-23 were samples to be tested
IEREREI S 2 BN TR R A 0L, X 83 R AL H ARSI A L, FrAe e b 19 HAMA
AEANERE AR, BB RN 22.9% (K3.12) .
M 12 345 6 7 8 9 1011 12 131415 /K 16

2000bp
1000bp

[&3.12 PCRi&M ISR EZH K

Fig.3.12 The detection of lentivirus vector via PCR

PKIBL1-15 AR S 16 FATEXTHE; Line 1-15 were samples to be tested;16 was positive control
3.4 1ig

DF-1 ZHffifF N — R g i) FESAEACRRG AT AT 2R, H AT 2 B T 4R g
TREERFFL . PR SR . NIGTE CRISPR/ICPFL RELRE TS A3 5K & BRI 4L I 52 ridmi, 2O H
(358 DR RO PR RO R 9 I S8R P s 7 28 SISO Z00 A XSS 2 1) R s B4R (AR AR AR A 5 LA
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DF-1 4 ik se bkl FIR T7EL BEDI. TA eI J7 A IE T CRISPR/Cpfl R4t/ 34 DF-1
Y1 () 2 R BRI . 45 R 7R CRISPR/Cpfl Z4ix% DDX21 JEKI S 73 Kl gmih, milfRaiE A
30.0%~33.3%, itk 5~48bp AFEEN/NT B, Bl EZEREE] CRISPR/Cpfl R4tHeH N T
X DF-1 20 i £ 425 DRI 2H 20

AR FE RS DF-1 ZHfo b () DDX21 J: Ryt R, £FxhizfEies 2 4h R4t 4
X FPE R AT gRNA 731, T7EL BEI45 R Bos R gRNAL BAE S I EBR 2%y 30.0%, 1
FHoAth 3 % gRNA RARIABITHIRIBCER, FREATER: (D FHAXUTR RGN, 75 EH R iR
i % e 5 A —4U M s A A ] BE R SR SRR ThRE (2D TTEL BV ikt AT iR AR, A7 1E R
FERTRE S BRI R ZE R A (3) gRNA RS ARG SR, AR ML S A2 A T (Tak et
al, 2017; e HA %%5.,2016) 5 (4) AWFFFIHANIE U6 J33)T /530 gRNA RIS, FIREEE R
YA AAAE — 8 AR B R e

HHT, RN XS R A @ PR v, — Mo B TR R A i, B R R AR B
YRS, BN YR f g LAV, RIS fE (Y PGCs. ES 41 B #:6# 3152
fRIERG (Motono et al., 2010; Sid and Schusser, 2018) . 518 EE 4k iAIEAH L, PGCs ##43%45 0] L)
PR IMEN S 1) PGCs 4HMu B B Z AR MG T, M SRAF R HEAZ M 54X (Naito et al., 2015; Yu et
al., 2019) . 4R1, ARG R AEsr B AR EE AR PGCs 41, A 7 AROFIAH PGCs,
A ARG TR I RE . PGCs RSN 77 BB LA R 4% 28 2 AR IR G R A B i 2% 75
T L R EEK, 1M B PGCs i 7R & M AEAN R M Z A AE AR IR 22 57, MERASEIRT V2 LA o
18 8 B R s IR RRT ., ANEER T KRR e RIA S A X TRE PGC 5 5E4)
(Rl BRI TSR AT e AR i S R IR R 7k — o AU R R R AR
BRAMI A T RIK GFP. RIG-1. /B 8 HA 8 36 R SRR XA (o RO, 5%, 2015; 27,
&, 2018) , AL VAR ERLHI LIRS MR &, Bt AR TR F S B AL 18 5 R
Gtk DDX21 =R R ok ) A0 B bR AT X AR

M F 9328 2] (0035 1 55 s O gRNALZ 1R P 91 14 2 Lenti-Cpf1-DD X218 5 R ik Bk, e 4u4
i 5 BE % 215 40 N I CpfLA% B2l (Zetsche et al., 2015) . T7ELEEUIRGI R HL, KREAIEKNE R EE
i, gRNALSE ST NA.3%, 5180 w0l e s 25 0 FE i I JLDF-140 M, MP%ee, 3R
7524k DDX 21 L (A Bk (1) DF-1 40 M bk . AW 7045 61800 85 R 4 1A e 7 Je T e L CRISPR/ Cpfl %
Gi LR R TR, RN ST T IERIACPFIMIgRNAR 2% 3 £ 45, 1IEWICRISPR/Cpf118%% & R 4;
[FIFE AR S T XS DF-L4H i 58 PR 2 1) G, 3X e I SRR FH 12 22 Ge i) A R PR X A ZRY it B
FRFAAKYE

WAER, 2 DU F O 2 UE SR I R GV S 180 55 (14 J7 vk ) DA AR R B RIS, 330 B a0 18 2
WERRETE S IR 4% R 77 AR L BE R XS 1 A %842 (Kawabe et al., 2008; Motono et al., 2010; Park and Han,
2012; Smith et al., 2009) . A FiHI 1L Cpfl 2 FIIE R Be A IR IE & 1%, HHRER T2 M he
W S E RS H e, SRR 527 MM, ALt 83 AN, iEfkEN 15.86%,
5 ORIERS R, (Koo et al., 2006; McGrew et al., 2004) . 3#id%}ixX 83 H A4S 44Uk S HRHL
SR DNA, S irEmds skt R B R A A, SRR 19 HH A & A SNEIE R 18 4
LR 22.9% o 5 VA M I e i P P ik o s DR ZEL 00 o A 357 A 2 B R 1 o i AT 1] A
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(1) FIFH EEAR NTES T EANRE & 4181 (1) PGC BEAR, 8 FHZ 77 A ok B Ve R ik & 1B M 1 2
X JEARAFAE— E IR (Park and Han, 2015) ; (2) CRISPR/Cpfl {EA#i R g H AR, H
i A R R B HR T 25 8] o X2 tH S0 B L ) R ORI, R SRS R B A
R E TR . AR 2 B0 SO T R R Y i DA R AR ST R TR RS S TR AR, i

T RUEHE ) PGC B FRMEMIEM STAGE K& 13Kk, HOR A S 2 (1 85 R ik | 2 4B T v
(RIHTIEHS .
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BNE £XHR

1. CRISPR/Cpfl R4 hElE A Sl FLAN WD 200 1) 3L K ZH e, 3175 2 Mk HEK293-DDX 217 4 i #k :

2. CRISPR/Cpfl XU #L RGN0 B RG AL/ TS DF-1 41 2L K 4H 2w, 3iAS 2 #k DF-1-
DDX217 2k s

3. #¥& T CRISPR/Cpfl 1895 5 R4 X9 1& LI A B, 3545 19 RANEIRER &1, H
RGN 3] 35 R 2 G i«

4, HON2 W% AIV &Y HEK293-DDX21 " S2 06 iF i : k% DDX21 3, | 7 1 BFE. &

SEK T IL-6 FIPTI 55 2 11 OAS SR IA, AIRES|EZ DDX21-TRIF-MyD88 {5 ‘5 i 52 fH, feit
AV {EZ0 i b R 3EsE .
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