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Yot A R LB 3R R T AE A 453 PEDV A 44 A ae AR 9 3 T B, ITGA1l A B T4k 4 —#+
#| &L PEDV ¥ At A £ o) 3o L A .

KRR : ARAEMAENE R0 M E L E H A 748 % & G (CRISPR/Cas9); ¥ RATHMLIB % &; i
1 ihik; A% all

Screening and validation of porcine epidemic diarrhea virus
replication-related genes based on genome-scale CRISPR/Cas9
system

ZHANG Xue'?, FAN Baochao®, ZHAO Yongxiang’, QIAN Jiali’, WANG Chuanhong?,
XU Hong’, GUO Rongli?, LI Bin?, JIA Bin"'

1 College of Animal Science and Technology, Shihezi University, Shihezi 832000, Xinjiang, China
2 Institute of Veterinary Medicine, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, Jiangsu, China

Abstract: [Background] Clustered regularly interspaced short palindromic repeats/CRISPR-associated
protein (CRISPR/Cas9) has been proven to be an efficient and powerful third-generation gene editing
tool and has achieved great progress in the discovery of functional genes. However, few studies have
reported about using this method to screen the host genes associated with porcine epidemic diarrhea
virus (PEDV). [Objective] To screen out the genes related to PEDV replication in the whole genome by
using the CRISPR/Cas9 system, and to perform preliminary verification of candidate genes, so as to
provide scientific reference for breeding PEDV-resistant pigs. [Methods] A genome-wide knockout
library of human hepatoma cell line (Huh-7) was constructed via CRISPR/Cas9 technology, and the
Huh-7 library cells were infected with PEDV. Then, the key host factors affecting PEDV replication
were screened by high-throughput sequencing. The interference and detection experiments of virus
replication were performed to preliminarily verify the candidate genes that affected PEDV replication.
[Results] A CRISPR/Cas9 system was successfully constructed to screen the genes related to PEDV
replication in the whole genome. The genes with top enrichment degree, including those encoding
integrin all (ITGAII), replication protein A2 (RPA2), kinesin family member 2A (KIF2A4), induced
myeloid leukemia cell differentiation protein 1 (MCLI), poly (ADP-ribose) polymerase 1 (PARPI), and
solute carrier family 18 member Al (vesicular monoamine transporter, SLCI841), were verified.
Compared with the control group, the interference of /TGA11 via siRNA significantly down-regulated
the mRNA and protein levels of PEDV-N and reduced the virus titer in the IPEC-J2 cells infected with
PEDV. [Conclusion] The genome-wide knockout library based on the CRISPR/Cas9 system can be used
as an effective tool for screening PEDV replication-related functional genes. /TGA 1] may be a potential

target gene for the breeding of PEDV-resistant pigs.

Keywords: clustered regularly interspaced short palindromic repeats/CRISPR-associated protein
(CRISPR/Cas9); porcine epidemic diarrhea virus (PEDV); genetic screening; integrin all (ITGA11)
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CRISPR/Cas9 7 4t & Xt Hk K 4 004 5 % G
AR A, HAH sgRNA 5] S Cas9
IR TG E SUIEIDIRE, nT B e 4 s X Ak
i G X AEEATH H MR W A BN .
CRISPR/Cas9 JL[H 4 2 40 5 4 5L R 241 i e 1
JE S I RE L R @ 25 A, B i A T%
B TR LA s . B, Ma 2P
FIH CRISPR/Cas9 RGE A T 15 £ IHH EMC2 .,
EMC3. SELIL. DERL2. UBE2G2. UBE2JI I
HRDI X} 74 J& & )i 7 (west nile virus, WNV)if &
20 At T BT B A JA P /E A o Sun 2Pl
CRISPR H:[H 41 # L7 A K W], TMEM41B J& 44
1&gV B 98 % 7% (transmissible gastro enteritis
virus , TGEV) Fl ¥ £ /R ¥ 56 IR 95 3% (porcine
deltacorona virus, PDCo V)& MRk 25 & il Br b
T TE R F, IR AWE ST R D gE R e
I A B8 T S LA

¥ U AT M B ¥E W # (porcine  epidemic
diarrhea virus, PEDV)J& &R EE R o iR IR 75
J&, IR AR, A TR, 4
SRR E Rk, Wiy, JFE
PEDV & il #HOCHAN A5 A EZEE L. Xu
2 WgE5E & B, PEDV il i H AR R A (N) 5
T F 5 T Spl 254G REAE I HDACL (W3R
KLMESE PEDV A, AikPIEFIE 1 K
1 NPM1 X & il EH T &3, % PEDV
REYL A NPM1 A RB B E LR, E—
HWF5E & BN B A H NPM 2B PR B A T g A%
R AR R PTIR ToRE T, DT SR B 1 2
HRTEE KB LF S PEDV & I AH 15 35
K, {H PEDV M52 A6, Ik 242 80
BESL WA SCIE R, T35 0 1 A i A O 1) O
a8 EH T, FELPURE R F S PEDV
R B R R HE A w1
HiR4% . L CRISPR/Cas9 7o 2 i 6 5 g g ik

filt 0953+ BT B FhER A8 SC I & & HUAs 1 0y P
B, ez AT REaE MRS, (B
X} PEDV BYAH5E 1 AR WL AR IE o A ST UESE
PEDV ] 4 % e N\ JHJ 4 &2 Huh-7" A it
ABF5EH T CRISPR/Cas9 R ik i Huh-7 423t
DRV BRSP4 v 3 o 7 26 4 THT R e
238 PEDV & il Mot 5L R, AN B B
) PEDUI b R LR} 22 225 TS AR 3

WL

1.1 ‘AREfRE
N4 FE H 4 CRISPR/Cas9 sgRNA Jii 7 3¢

FENE B Addgene Mﬁﬁ(Addgene #1000000048);
ARG B 40 (HEK-293T) . A 41 il (Huh-7)
FAG /NG b R 4 (IPEC-02) F AR 5256 55 (R A7 5
T TR I Y59 S AR (AH2012/12) A 5256 % 43 5
FP K7 (GenBank & %54 KU64683 1),
1.2 EZRFIALERF

DMEM = i85 37 SL R0 iR 2 1M1 S ot A g
Yei® 7] & Lipofectimine™ 3000, Thermo Fisher
] AR 20 DNA $2HGRA50 &, RARAE L
BE AL A BR/AF]; Premix Ex Tag Hot Start
Version, TaKaRa 2\ #] ; FastPure Cell/TissueTotal
RNA Isolation Kit V2, Phanta Max Master Mix
HiScript II 1st Strand ¢cDNA Synthesis Kit HI
ChamQ SYBR qPCR Master Mix, Fg5tifiME#eA:
YIRHE A BR A ; PEDV-N 2 11 U e TR i A
SR AF; GAPDH R vifEdiiA, Proteintech
Al ITGALL R wibEhiil, LIt Hi) 55
ABRZF] 5 RIPA (GR)ZYHI . HRP FRic il F470 i
IgG (H+L) .HRP #ric tl=-Hif 1gG (H+L)F1 BCA
EAEREN &, BaREWHEARLF; FITC
Conjugated AffiniPure Goat Anti-mouse IgG
(H+L), U LAY TRARAE ;s 519H
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A TAY) TR B A BR A A .
R VR HL, B ScanSpeed 3] ;

2 b OGRS, FilERREERHL

AIRAF; 2 Em PCR {¢, Thermo Fisher

Aw); HEFRY, Bio-Rad A+ .

1.3 HIELEHELE CRISPR/Cas9 FiFRZBAZE

1.3.1 HELEELE CRISPR/Cas9 B RIS E
N B4 5L K 20 CRISPR/Cas9 sgRNA i 3C

J# 1 Sanjana 2447 & Addgene M3, 1% A
2519 050 LTI 123 411 % sgRNA
MFES], 700 A JFE(65 383 45 sgRNA)FI B J%
(58 028 4% sgRNA). A XM B SCEEHSL
1 000 X HH sgRNA, X 26X HE sgRNA A HL[i]
FEATRE R 20 . R i S S e RE T A
B JFR S E 1lentiCRISPRY2 1858 %
ik # A (Addgene #52961).
1.3.2 BRBERLEENE

B KRS BT R HEK-293T ZH b =
10 cm 40 B 8% 3% M, 24 40 je 0 & B 3K 2
80%—90%H ¥ 12 pg SCERTRL . 4 pg pMD2.G
R 8 ng psPAX2 Jiki i YL HEK-293T
A, 6 h 5 B4y DMEM = Bi58 435 F5 3L (1R
B 10% 64 L), 4REEREHE 60 h 5 ISR
2 FE®, 4°C. 3000 r/min &.0> 10 min, % I
BRI ELE T, 4 °C, 12 000 r/min 25
0 30 min, RS H1 0.22 pm yERS g, SRS E
F—80 CCUKFEIRAF,  [RIAFHEA 718 5 2 FE T
1.3.3 1855 sgRNA X ERE Huh-7 R

B KARZS B9 Huh-7 41 IE42F0F 10 cm
ARG TR, TrAnflml & Rs s 60% A4, %
HRJE& L &2 B (multiplicity of infection, MOI)=0.4
JEL 3107 4~ Huh-7 4IRS T8 B ik e , [l Aot
G FIEWP A 8 pg/mL IS FE Z (puromycin)
PEATH e, B3R E 12 h EHCONIER R FRIE . N

HEBR ARG A A 52, 48 h J5 A 1 pg/mL
RIS, ekt 1 A, B8 6
I &4 2
1.4 £ E[FE4E CRISPR/Cas9 BiFRZRREEELSE

]l PCR K DNA | 5 % 4> 3k B 41
CRISPR/Cas9 55 240 Jfd e A 7 Bk o W B 4 2
ZH CRISPR/Cas9 i B 4H At JF $2 B2 X 4
DNA, %% lentiCRISPRv2 #k 14 [X 8] 551 5 11
19, P IX A4S sgRNA B4, 5151 H -
F: 5-GAGGGCCTATTTCCCATGATTCC-3'; R:
5'-CACGGCGACTACTGCACTTATATAC-3',,

PLEEH 41 DNA AR #E1T PCR 474 .PCR
JCW AR &R . Premix Ex Tag Hot Start Version
25 pL, b TSI pmol/L)4S 1 uL, Bifk
1 pg, Sl ddH,O #ME 50 pL., PCR J i &5 14
94 °C 2 min; 94 °C 30,58 °C 30s,72 °C 1 min,
40 MiEFR; 72 °C 10 min, PCR ¥ =¥ 1%
DR HBE e A Uk A, FEREA T U M, [l
7 T
1.5 FIHA£EFLE CRISPR/Cas9 BiFRIC
FETi%E PEDV S HIHE X EH

Huh-7-Cas9-KO 4L 1x10° 440 ikl F
T25 4MfEREFMY, HARKHRZEE, W
B B G PBS VB 3 K, MAS
100 TCIDs, PEDV 22 £k AH2012/12 F1 3 pg/mL
R I G I T 5 R I ANE, 37 °CEA 2h )5
#FEFE 2.5 pg/mL FREGTCIMIE R R E 2 7 mL,
S 7R A (37 °C . 5% COy)4kLEE: 37 . ]
Af 15 B Huh-7-Cas9-NC ZHffd kX AL, 4%t HE
AN A TRACT ., WSCAR RIS 200 B 20 A 3% 1Y) 4 i
TP REESE . FrdfAERK 2 —E8GEE, 5
WA E ] PEDV AH2012/12 fEE 2 bk b4 T
TG, TR IG5 3 R IR JE A
Z LY DNA 2R 2 2 J5 N BATAE YR
JBetn A R w1 . FIFH MAGeCK Flute 434t
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EHEFA sgRNA reads JE17THEF 2l HUS 1A,
ik 1 2 5 PEDV & il (i G 8 1E 5L .
1.6 RAERNGESBERESRDH

& F DAVID %(#& % (https://david.ncifcrf.gov)
Xfil it 3 48 PEDV fifi e 45 Y sgRNA X1 ) 58
FL[H ¥4 B8 pos|score HEFF , 3 LA pos|p-value<0.01 .
pos|Ifc>2 SRR 1Y 120 ik Ik PR 1 7 3
K4 & (Gene Ontology, GO)& 4 4341 Fl 5 4B &
53 H 4 A P4 (Kyoto Encyclopedia of
Genes and Genomes, KEGG)ifi i & %5087, H
I R # A GO plot ffilf GO & A 45 Rl Ak,
5l ggplot2 U2 il <Al .
1.7 PEDV EHHE X %% EE YL IE

N B AR RO BRZS w9 B
6 M B THL R BL(3E 1) # IPEC-12 4]
A 24 SLARNEAR , Fr 4G HE I8 T0%0), B
g i R FREE R S P4 R), [FIHAR 4 A 14
Lipofectamine™ 3000 15 B 5 e il % YL {4 & |
SiRNA ZHK N 50 nmol/L, FFiZ i ALEF
M, TR F R iR A B e dk, B T A
B FRAETP SR 24 he

BB A SR, FRE SRS PBS
P 3 WK, ¥ PEDV AH2012/12 JREEREVEL
MOI=1 {5538, FFLIA 200 uL 5 55 F19%
FEAERF(SA 5 pe/mL A TG LS K5 77 3E),
Wt 2 h 5 BALAMEFELERFR 2 500 pl, 36 h
JE PR AN A B RNA AR (5

5 Bf %2 # PCR (real-time quantitatiove
PCR, RT-qPCR)f:{ll PEDV mRNA ik /K-,
AN E RNA $2HUR cDNA 4 i3 M FastPure
Cell/Tissue Total RNA Isolation Kit V2 K
HiScript II Q RT SuperMix for qPCR (+gDNA
wiper) S % 5% B UL B B 247, ] ChamQ
Universal SYBR qPCR Master Mix i 5] 46
PEDV-N mRNA Z8/K-. 5 [¥)F741 4 : PEDV-N-F :

5'-CGCAAAGACTGAACCCACTAACTT-3';
PEDV-N-R: 5-TT GCCTCTGTTGTTACTCGGG
GAT-3',

Western blotting #:{ll PEDV 25 [17KF28 1k, B
100 pg SARFIIA SxEHEZE il (loading buffer),
100 °CZEM: 8—10 min, BB 3T SDS-PAGE
HLK , SRR S 3 B ITGALL REHTFR RS
1:500), PEDV-N FEHTFEREE 1:500)F1NSHiik
GAPDH (FiBeBE 1:10 000) 4 °CFE k. fHiH
PBST ZZ HngiEGE 3 ¢, BEK 30 min, IAAHR —
PR 1:10 000), FiEMFE 1.5 h, PBST ik
3K, AR 30 min, HJEH TR AEDE.
1.8 ITGAIll ¥t PEDV & #8950

IPEC-12 #4015 si-ITGAL1 24 h )5, #
PEDV AH2012/12 8 #E#R A MOI=1 B9 4
. RT-qPCR #3:illl ITGAIl mRNA ik/KF,
Western blotting #:ill] ITGA11 & PEDV % 7K
SEARE, BRAER] 1.7,
1.8.1 HEWRLKEN PEDV-N RiLFR

A YE PEDV 36 h J5, JIATRE IIEK
Z T, =20 °C[E %€ 30 min; PBS iH¥E 3 K, 5%
WA WSk 2 ] 1 hy PBS WUE 3 Ik, A —
Pt PEDV-N FURPLFRFERE 1:500), 37 °CEE
1 h;PBS ¥ ¥k 3 K& , I —#HT FITC Conjugated
AffiniPure Goat Anti-mouse IgG (H+L) (% B
1:500), 37 °CHhEEHFE 30 min; PBS iHYE 3 Ik
J& , A DAPI B 655 (1:2 000)EATAZ YL, E i
BEEHFE 10 min; PBS WYL 3 WE, BLodti
KB R, R BOGIE R A B W SR 4 £ ¢
BRI AR SR
1.8.2 TCIDs, %30 PEDV j@fE 7K

¥ IPEC-12 Afusi T 96 fLi, FraipE i
BZ R R S SR, G PBS Yk 3 i,
WOk 9% B EIE T 8 000 r/min B0 5 min Ji5
A 0.45 pm ZrFiiad i€, FIHE S pg/mL BEEE
(85 DMEM A7 B ERERE(107'-107%), 44
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#£ 1 siRNA FILFFER

Table 1 Information of siRNA sequences
Gene name siRNA sequence (5'—3")
ITGAll GCGAATACGTCCTGTAACA
RPA2 GGCTTGTCCAAGACCTGAA
KIF2C GACCTAGAGACCTTTGTGA
MCLI CAGTACGGATGGGTCACTA
PARPI GTGACTTTGCAGCAGAGTA
SLC1841 GTGTCTACACCGATGACCA

FEEEE 16 DT AL, [R5 B AN 5 B TR 40 i
SBAPEXS R A 12 h S AL S 1 DL
6 d it dnfifLEL, FIH Reed-Muench
P EG I T 55 B 09 oF KA 4UBs IR L) =
(tissue culture infective dose, TCIDsg)o
1.9 BEHITS5 50

7 SPSS 19.0 X 156 K dhs EA 70k S A AR
t KB o, SERLLPIEAPR R RN, N
FH GraphPad Prism 6.0 {4 X 5 b1 r 25 1] . *
P<0.05 NS **: P<0.01 A2,

2 BREM

2.1 #IRLEFEE CRISPR/Cas9 SR LmAEEE

N4 HE R 2H CRISPR/Cas9 sgRNA Jii i 3¢
E5y R A PERI B JE, BERAHN 13107, KR
EE Gt FEHp sgRNA [ EE RS2, S
Joung PV, LI A EE M 13107 TU/mL
B8, MBS IR 0.4 MOT JE&3y 3x10" 4~
Huh-7 Z0MIHEATI8 06 858y, AT 3255
2H CRISPR/Cas9 7[5 40 it %6 .

RN 42 LRI 40 CRISPR/Cas9 w5k 41 i g
SRR, PR AL N 4] DNA,
PCR ¥4 sgRNA X, PCR j=# H 37 ER
£ sgRNA JP4 X35k, 4 PRt (s o ik, &
ARIFE ATGC “EX BN . 53k H Addgene
W3l (14 22 SCHEAR L, ORI SCE A FN B 435I 5 A

98.64%71 97.87%F) sgRNA ., H T sgRNA AJ fiE
[ 200 J A7 356 T 06 5 19 i 3 35 PR k7 Al B 5% R 2ok
PR, I, 4HMSCFE A F1 B 435U A S
R B 78.76%11 75.54% (K 1), HlJA,
RSO A T B A BUCH 42 3 41 CRISPR/Cas9
FEBRANMLEE, EDEA RS TS sgRNA ISURE,
FHT-0% PEDV & A& HEA
2.2 FIFA£EEL CRISPR/Cas9 FfFRIC
EE%1E PEDV SHIHXEH
ik MAGeCK Flute 437 sgRNA reads I
FEECR AT HE 22 R BOR BB 2). 2508
N, BAEFIHEATT 10 B sgRNA X ) 3E [A]
I3k FICD, MCLI . VATIL . MTIX. MYOI0.,
PARPI . ITGAll . ENTPD2 . CCNT2 Hl RPS27A4.,
AT, &% 5] reads>10 000 i sgRNA 7
16 1>, reads>1 000 [ sgRNA £ 20 1~
23 RIZEFEGREBREESTNER
i L DAVID 45 8 X vE 3L K 251 7 GO Al
KEGG 43#7 (&l 3). GO 43#iai s, xuein
B F 22 50 A Y LG SUE W RE A
A 22 53 2 2 LR S0 S R R AR v 4 L T A
w8 R KEGG i B 80 i1 715 58 B Y

mm Amplified plasmids =3 Library cells

100 - 98.64 97.87
S 80 7876 75.54
>
asfﬂ 60
Gy
o
$ 40
5
>
S 20t
0 1 1
X 04
& $
& &
S Vv

El 1 G Bk S E RN B S PR R B S R [E
Figure 1 Coverage of amplified plasmid library
and cell library.
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Log, (counts)

B2 EHE2HESE

Huh-7-Cas9-KO 40822 3 % PEDV fiii i & £ 2| A sgRNA 5 41) )45 R il &

LT (PEDV &Yl vs. mock 4H); Log, (fold change)’;y PEDV B4 5 mock ZHFrifEfk sgRNA 115>

8] B9 H (. Log, FL1H

Figure 2 Scatter plot of the distribution of candidate genes. Scatter plot shows the frequencies and the
enrichment degrees of sgRNA-targeted sequences enriched by three rounds of PEDV screening in
Huh-7-Cas9-KO cells (mock-treated versus PEDV infected); Log, (fold change) is the median Log, ratio of
normalized sgRNA count between PEDV challenged group and mock-treated populations.

A, FHRITEENGESERE, i Bk
BN FEESSMBRET . I % sJRE fZk
ik (rEEE S, UAEEBERRE. JL
A T R 2 e e S 1) A A0 3
2.4 PEDV EHIfEXEiEEFRIIEL R
H T 2l 2 Ak 3L I 2 5 40 i g T4 it
WA, HA PSRBT ENTREG S iR AR &
LR BB, kR TR EHE
SERTAYHE S all (integrin all, ITGAIL), MHFLE)
Wi hilFE A2 (replication protein A2, RPA2). UK
sE ARG 2A (kinesin family member 2A,
KIF24) . 55388 & M 055 413 41k 8 A (induced

myeloid leukemia cell differentiation protein 1,

MCLI), 2% ADP #Z¥i{bl#[poly (ADP-ribose)
polymerase 1, PARPIVFI%E itz & 1
(vesicular monoamine transporter, SLC18A41)JEK
17 PEDV S HilAHICHE, 455N, 5N

si-NC M E, ITGAll 3. 7ET )5 PEDV-N
mRNA (&l 4A) & & A (B 4B) /K1 i 2% FEAIR
(P<0.01), i8] ITGAI1 JLF W RN PEDV & il 4
KHEN s T4 KIF2C . MCLI J SLC1841 ¥:H) ,
PEDV 1 mRNA #5 D15 S 8 K34 B T,
H2ES AN B EP>0.01), ifii RPA2 X PARPI 1ET
PG S5XT I mRNA K8 K- TC B 22 5, Ul
B BB N E 225 PEDV 16 1s B4 b Y
ki
2.5 ITGA11 EEfB{RiH# PEDV HIE
Ry ITGA LI X} PEDV & il 540,
S Ag TR ) 41 IPEC-J2 4ifi%% Y si-ITGALL J&
8, RH RT-qPCR Ml ITGA1l mRNA X}
35 5, Western blotting £l ITGA11 A1 PEDV-N
FEALRIBEO . SR ER, 5 si-NCHIEL, iy
ITGA11 T Fr Be A i B# MK ITGA1l mRNA 3
KE(P<0.01) (K 5A), FFHAROI ITGALL F
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Figure 3 Enrichment analysis of candidate gene GO and KEGG. A: Bubble chart of candidate gene GO
analysis; B: Bubble chart of candidate gene KEGG enrichment analysis.
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Figure 4 Validation of candidate genes related to PEDV replication. A: Changes in the copy number of

PEDV-N after candidate gene transfection with interference fragments; B: Changes in PEDV-N protein after
candidate gene transfection with interference fragments; **: Significant difference (P<0.01).
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Figure 5 Role of ITGAI11 in promoting the replication of PEDV. A: Effect of transfection with si-ITGA11
followed by exposure on /TGAIl mRNA expression; B: Effect of transfection with si-ITGA11 followed by
exposure on ITGA11 and PEDV-N protein; C: Confocal laser observation of PEDV-N after si-ITGA11

transfection; D: Detection of virus titer at different time intervals post infection with PEDV; **: Statistically
significant difference (P<0.01).

(=)

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



5K F 4% FET CRISPR/Cas9 Z 400 e 8 i A7 1 RS 9 B3 = i) AH 5 3L R A L 56 AIE 5147

PEDV-N [} [ iA/K (& 5B); [6if, PEDV
JEYY si-ITGALL ZH 20 il rp &8 5. 086 FR 10 i 1t ]
W, KT ITGALI T4 PEDV fh4
J(El 5C). IPEC-J2 i)Y PEDV A [F] A i
WCAEIREE MR, 13 H] Reed-Muench ¥ & 1A%
7 TCIDsoo 45 FNE 5D FroR, SxFHRAH I,
PEDV J& YL 40 il 24 h F1 36 h G754 )% &
FETRME, RWTI ITGALL FERRER I T
Joa FE ORI TR B 5 B, 0 PEDV 74 3248
M, WESE ITGAII BAT{EF PEDV & il
EHLS

3 winEE#

Myt 4> SE I 2H CRISPR/Cas9 ik 4k 200 it ¢
BF, 3l ) DR 2 T B 5 S 5 % O 32 1) o
P B, REEMRIEEA RS sgRNA
SCEER BT R IR R IR . SHE A, ARk
AT BREREMRA, RARITEED
sgRNA S, BB R KA FHIFN AN 1.
I, ABsErE T AR Huh-7 4235 4
CRISPR/Cas9 mibRaiffE, fE B R AL
HET R SCPERIGE -5 0 A B DR 07 35 1) 7
P, FERTT sgRNA SCFERS, —ANFEH 75l 11
6 4% sgRNA, X KKFHIK T i &M HE R REH0W
R TR 2 AR R B A e 35 IR g A 1)
SR, TEREANTREL R, I KE % sgRNA
BB, 7 2L R 4] CRISPR/Cas9 @Bk 4
M AT AL AR BRAE, i & S A & R A
M52 0 sgRNA 9 3 B, Rt A i 55 75 31 19
sgRNA i bR 20 M 3 75 55 KA F 80%.

2020 44, b5 87 B LR BE (corona virus
disease-2019, COVID-19)%:9i 7 T Bk e A
AN S T2 C NGB Y SRR D (P S
A S, DS EE I e LT 9 & B 2 -1 F2AH
AR A SR A B T R R T B0 B A

Fpt4l, Zhang ZPEF 4 3L N4 CRISPR/Cas9
IR T 9 A2 5 W R 0 1 I
Horr, N5 AR AR5 KA 5 ) (signal peptidase
complex subunit, SPCS)JE K& R 5 nl i 2 FEAIK
JUF i e s R 25 A & K o A6 N BRI
4 955 7% (hepatitis ¢ virus, HCV)#F5EH, CRISPR/
Cas9 i F| 2 HRIE 1) HCV AR Z K. RNA &4
AR A B AR Sl S 2 A s £ R0,
CRISPR/Cas9 i i% H. A 5 1 47 5 M f nl 5
Pk o ARG I st AL T v 5w, #H PEDV
&Y Huh-7 iBRAMLZE , WOAR T A 1715 B 41 i
PEAT I Y, il id MAGeCK Flute 43 Hr &
EF|1Y sgRNA reads #ATHE P2 HIHOS K, &
Kk F| 2 5 PEDV & il (s fE F 3K, 78
P B e S v, AT RER] T 2 A~ e
AL A e e L], B R KL K RPS27a™
s S BE R M Ak E R
McLIM™, GLHIATE RS R S . A,
A &= LB S5 A R R Y B2
FEN, {135 DNA $hibFHIEE 11 B 456N 1
(TopBP1). RPA2. KIF2A4 . SLC1841 1 ITGAII,
(1) TopBP1 7 A4 2L 3k I8 95 7 F5 H 41 &2 i o
EREEIEM, AN E M TRz, It
ST B2 EAK A, 78 GI/S FH S
Wi R SR 20 i 2 R A A XK, (2) TR mE
IE DNA WAL S RPA 410 p32 W IHEAH
HAEFREMS YT HIV-1 38645 56 i e 259 #4%
&, [FA BRI COPD & Bl RPA2 225
Y COVID-19 55 3L I, (3) KIF2A S 3K 3
FEARBW A 22 g &R,
B KIF2A v 4] PISK/AKT {35518 5% HA 300
T 25 B A M v G 48 . T Re

PEFE T . (4) SLC18AL % W T4 B e
AR AEYIRREY ™, (5) ITGATL 2 —Fhalif
MR GFOGER (0= R)TF 51
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SRR 1 324K . A FIE R IAPY, ITGALL FEHE
A K o5 2T 2k 40 i 1) 42 ek g & A= T b i 3 |
Al o AR S gk S5 DRI RS 9 2 0 S A O
R, WA IAE ITGA 11 FEH T )5 GEWS . 240
il PEDV W&, AAMFRME, 1 BT45H
R EEW ST TO8G 4ififi ITGALL ) mRNA K
EEKETHE , U ITGA LT e —FlE i T £
HEIJ?‘;'%‘(% AR ITGALL & miE i 1 BT R

1fi5% M PEDV f) 52 il i oK WARIE . A SCH IR
%IJFH%%@E CRISPR/Cas9 3L JE J7 1 i 3|
ITGAII W] REVE N 4R IL N 2 5 PEDV 7618 40
Mirb . deAh, W T2 BRI T
BORITRCR . BS54 SXORTR] PEDV B bk Y )24
YLSERLN  ITGAII 275 4 PEDV & il b5 3L A
DL R iz R Anfar 845 PEDV LR 15 3 40 I B 14 5
Ty gt — 25

g5 bRTiR, AW B4 CRISPR/
Cas9 BBR SR ITGALI 2y PEDV & A%
S, AR TR fE R E R PEDV-N mRNA
SR ARRIEAKY . BIRFFER, ITGA11 F£A
AR N 4550 PEDV 3 (T E#E LA
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