- 126 - Animal Husbandry & Veterinary Medicine 2025 Vol. 57 No. 9

T, M, KR, FF. CRISPR/Cas9 2N 4w HORTE & WEYHR OO P IR [J]. SRS HEEE, 2025, 57 (9): 126-132.
LIU J, HAO S Y, GUAN F H, et al. Progress in the application of CRISPR/Cas9 gene editing technology in research on avian influenza virus [J]. Animal
Husbandry & Veterinary Medicine, 2025, 57 (9). 126-132.

CRISPR/Cas9 EE HEF AR ESRBAFSHA RPN HiHE

aFEOMBR, KRR, RER, KT
(L. PEBEDGSEE, L 102600;
2. AT RS MR =B, His AT 832000)

HEE : CRISPR/Cas9 FE [ B4 AR T JFUAZ AL W 4G40 41 K 955 25 % 0 kE DNA & I M 09 B 55 R TR MR B He A, 3 sgRNA Fl Cas9 4% 2 Bl X
DNA #ETREER . A SRR, USRI BT a0 H iy, POLEAERIGE | @A, R M A R SR £, CRISPR/ Cas9 B ARTENR 5 5t
A4l . PORTEIRIT AN RS2SR T2 M., 8REBURTE (AIV) BWHEZm ER0E L mAN R R 5 DL B Y Fh 5 4% fE
J1, SAERFE TR AL A T EREM, JEAES, CRISPR/Cas9 F5ARTE AIV EHIHLEIBIZE . 15 1 FIREMMT LI KB B 1 1T & 2540
W R T EEAEM, ALRGEMB T CRISPR/ Cas9 FE R RHH AR & S B MAEHALE, HSANG T CRISPR/ Cas9 3 i 36 £ A A Ji 28 K H
R, JHIR T CRISPR/Cas9 BiARTE ATV BFFE R 1B FERE , S ATV (5 R B P 4R L HS R RB AR B %

KHEI: CRISPR/Cas9; SWIENH,; UEME; 5ENT

FESES: S855 XEkFRERG . A MEHS: 0529-5130(2025)09-0126-07

Progress in the application of CRISPR/Cas9 gene editing technology
in research on avian influenza virus

LIU Ji', HAO Siyuan', GUAN Feihu"?, SONG Yafen', ZHANG Qianyi' "
(1. China Institute of Veterinary Drugs Control, Beijing 102600, China;
2. School of Animal Science and Technology, Shihezi University, Shihezi 832000, China)

Abstract: The CRISPR/Cas9 gene editing technology is developed based on the adaptive immune system of prokaryotes against foreign vi-
ruses and plasmid DNA. It uses single guide RNA and the Cas9 nuclease to knockout, or knockin DNA | effectively editing the genome. Due
to its simplicity, high efficiency, strong specificity and low cost, CRISPR/Cas9 has been widely applied in various fields, including viral ge-
nome editing, antiviral therapy and vaccine development. AIV poses a major threat to the global poultry industry and public health due to its
broad host range, high frequency of strain variation, and cross—species transmission capabilities. In recent years, the CRISPR/Cas9 technol-
ogy has played an important role in the study of AIV replication mechanisms, functional analysis of host factors and research on and develop-
ment of novel vaccines. This paper systematically reviews the development process and mechanism of the CRISPR/Cas9 gene editing technol-
ogy, focusing on the principle and application of the CRISPR/Cas9 library screening technology, and its application progress in AIV re-
search. It aims to provide theoretical support and technical reference for AIV research and disease prevention and control.

Keywords: CRISPR/Cas9; AIV; library screening; host factors

BRI (AIV) B TIERRFFHRIRER  OECRER BTN RME, A0 58 77547 Il 18 AL

B, PR TUEE RNA G, R4 h 8 Moy
Bef) RNA AL, MRAEWEERIIMEER (HA) Fiphs
AR (NA) Prsny 25 ATV 4320 18 4~ HA
WA 11 A4S NA WAL, ATV i TAEAE S FI0H )iz .
BEMRAS SA R B RIMERE R R AR A, (AR

Wk B30T 2024-12-24; B[ HT. 2025-07-14

FeTH ¢ K E SRR E A LT (2022YFD1800601)

R X, &, BLRsE

CEEER . KLY, WL, ERPEEN, NHIGYIREEY
?Eﬁﬁ, E-mail; zhangqyl14@ 126. com,

BRI, 1M HARERAIE DAL 2 K BRI,

CRISPR/Cas9 FEH 4% A H 2012 4F 94 & BLLA
ke, WHmR, WEUEFFER R R, TEA4 Rl 4k
BETI MY IR AR S TR N 4L 5
WL, AR AL p-Hurh ST HieRk 40
B AT 35 % 4 952 995 L B 98 O A 5 7 TG AR 28 M BT
(/SRR {3 | B = A A R =R (e /1 i o O
PEA= 85 71 5, A 2 AT A R 3 A A
BRI ALHIOEST | 3 PR D REAH ST R S R TR
FF% 4 B CRISPR/Cas9 3 K 4 58 5 AR % & i ok



BHEEE 20254 578 oM <127 -

() CRISPR SCHEFREH A, MRG0 iy 5 4EME
SRR KA PR vk 1 e 270, i
JE IO FH T 7 26 65 R el 2 M A T R IR, DR i e Vs A
(1R 245 40 I 5, T8 245 T 247 e R S 356 TR R4 7 9 B 2l R
LRIy FOLE, MM S s R0 T3 ik . Brid
. HAT, CRISPR/Cas9 %K % £ A € 9 32 Mi
T ALV & BT E M FIH | 20 mH AL
MM OB AE S, A R A o R 4 JRE R
RURE R 7 1 R B BRI 1107 AR SOKE TR A A
CRISPR/ Cas9 J [H % 8 . R 72 ALV 15 3 X i i |
UK BESR MG | PEGOF A R BRGSO, TR AGATEURD
P CRISPR/Cas9 &K 4 F AR A2 ALV BF 5% Gk 1)
ST S0 4

1 CRISPR/Cas9 EE #igH A

1.1 CRISPR/Cas9 EEmEF RN L E

1987 4, H A Bb24 AL K AT 1 36 X3 51 v i
SREBL T —Fp & BB A e s ", ] 2002 4F,
Jansen SZIZ K5 X A BT AL DNA B9 F i IER & N
“ clustered regularly interspaced short palindromic
repeats”  ( CRISPR) '™ | 7EJ5 2 8 5% 1 Barrangou
AP URIER CRISPR R GE7EAME DNA B # 1 5 4
NIRRT LR, Cas 2 A AT LU SN EE K 874
BN BT A B A SR A g, SR R
IR AARHF Cas 25 H X H I #], 2008 4F, Marraffini
ENIEM T Cas BFREEA T AU DNA I 5 ) 5 45 5
£, 2011 4F, Delicheva %" % 3 52 20 i 7% RNA
(tractRNA) Z 5455 CRISPR RNA (crRNA) AY AL
. 2012 4E, Jennifer 1 Emmanuelle 25" % 3 T
CRISPR/Cas9 #4t, HIBANK tractRNA Fll crRNA 5 I
45 B4k i 5 RNA (sgRNA), fiifk T CRISPR/
Cas9 24, ZILET CRISPR/Cas9 Z 45 1 3 K 4 4
THAWARIE

2013 4F, Bl F ¥ CRISPR/Cas9 £ 48 M\ 20 1 1/
MR E AR X — R @i bR % CRISPR/
Cas9 FEARNE Jy 8 24 B R g i T HLE AT ITAR, S5 22
WFFEXF Cas9 2 FARE SRR AWk ot 8
KT ZFET CRISPR/Cas9 R MAT AR A, b
4 CRISPR T3t 1 CRISPR 7% £ A %5, I+ H A H
CRISPR/ Cas9 FGiHF 4 il 2t SO T e f A0
1.2 CRISPR/Cas9 EFHHEH AR RIE

CRISPR/Cas9 R4t 11 A Cas9 # W2 M F1 sgRNA
N, Cas9 5 sgRNA JE A & G 1 RE TR 314 A7 Hif 1)
B )P S 4R (PAM) {5 B A B AN E, gk %t

DNA BEATHR Y1 #] . CRISPR/ Cas9 #5515 DNA XU
HEWRr AT DUE G AR R E R 3% 4% (NHE)) B 5 fad
B TERE, Wal s i FEEHBESE (homol-
ogous recombination, HDR) AR AEH1EE, NHE]
1B FEAUKH AT AT AR AR, 0 OURTE T 24 1 A it
ok, G il AR SR AR, SEHbR
FLHTIRETESS, NHEJ &5 ML = 5L P i b ) B 22
B, (Rl E ANIE T EOR A 4 A s e S R )
BRI, T HDR AL AT LLS LA 2 A7 15 ) 28 A48 sk 4
TRF51, SEELIEDR AR R I A B
1.3 CRISPR X E ik RIS

CRISPR i [¥% ( CRISPRko) CJ% fifi 1% F| FH AL 35
BTSN 4] sgRNA SCJZE Jf 7 [ #1] CRISPR/ Cas9
FAREMAY EASETE SO, DI 7 B 2 B U 2
i, PRIEREAS A MRALE A 1 AM80E T, KL H
By, SRAZIACEE | AR A s A ) e, &
SRR RV AA, Ay DR M S P, e
WEDT 30T sgRNA 00 5 F 5, 255415 B
THPUN 555 R A FE P, S R JE PR 1 %
FH %58 B DR AR W24 T 6 D R A AN R A 2 o
HHEME %2 CRISPR 3% (CRISPRa) SCJE
PEKs TC N V) IS M Y dCas9 5 R S TS R T R
H PR A LG B TR sgRNA SCUEIF K
AT R T R P AU D R AR A TR B 1 R G, TR
SRRSO — %L, CRISPR i SC i %6 vl L 4R 7
T IE BT DR B AR ek JE P e A= W A b s e T e
P, XFRER A i — LU, AR
R wp A, (AR RS  xE DL SR D) 6E
BT BE & PR, 1 CRISPR 4G 18 TUAY I K T RE fifi ik
FHEA BB 5 CRISPR 7% & 48 AU,
CRISPR T4 (CRISPRi) 444 dCas9 5 i %417 il
BIAAY, 456 sgRNA 1) i PR 7 5% 5 0 56 BRI T
B, A BEASREIR I SR O 2 A M At T A
K, "TH PR LHEREEIIGE, HHEAW K
DNA V)%, CRISPRi it #2500 A 6 SR 4
TREY Cas9 sk H¥5 (TRPPC) 454K 5 S 1) 1% 2
55 CRISPR AR, B i a5 6k ¥0 1) 15 6 X Y
sgRNA, [ sgRNA HUEEER IS, (UEM B SRITH IR G
1) 52 B A R O, YT AR B R T I 2 A 2
g, WaEbURER TN R EEhATiE
st R R ME, ik 4 Fh CRISPR S i vE £
RERFFESHE (£ 1), RN RTHLEEEH EG
HEEbR, RISt P s ik



- 128 - Animal Husbandry & Veterinary Medicine 2025 Vol. 57 No. 9

#& 1 CRISPR X EfFIET %
pipre sl P i i Y 5 st )
CRISPR/Cas9 R KR SCJE ] sgRNA 51 Cas9 U1 DUREBRIC ORI HE . 2002k mEBRACRE G, RAH R0 ekk

( CRISPRko)

CRISPR/Cas9 i 1% 3 FE
( CRISPRa)

CRISPR/Cas9 111 il 3¢ J%
(CRISPRi)

R AR SRR 1) Cas9 5 5%
4% (TRPPC)

# DNA, i) NHEJ 5§
HDR 5203 4 Rt B
fili FH dCas9 4 & e %
W, B AR
ik

i F dCas9 4 & M
AT, 0 E bR
Fik

1 sgRNA HYFEH %4 5
R A, F i

DIHE 254 3 i 2
i e B A F 5 45

Tiif 24 % D] 0, 858 1
DIREWFTE . 15 5l 3% o)
Hrég

T RE A 5 6 . P B
AT 9L, F Ak BT
FLA

e BOR PLH ST, B
e 25 A R

(AN L R

A SR L SR
ST | PR

] AWl G A
PRSI | RAEfT

BT SRR [ B B3
P # 5 R R B

ZBRT PAM J@ 41, 6 MK 5

:J:

dCas9 S T HIR A EH,

T RER A 2 N R AR E M

SZHRT PAM FRA A AR
HESZ 4N M B AN ERIE A A5

T B T R4 B Rk
BURFE BN E R AN R

W

==
1]

T P Rk

KIS LI

2 CRISPR/Cas9 i RTE AIV #AK BRI

2.1 CRISPR/Cas9 R AIV HXBEEFHAR
A9 K2

i R FAER SR h I B OCE A
ST TR AN R AN T SR A R Ay, T
1 R T B b VR FH A B T 3R 7 A5
K, Han 255 F ] CRISPR/ Cas9 & 22 48 16 i
AN (AS49) AR R T — > 4k TR ALY L
CRISPR @Bk (GeCKO) 3CIFE, I H HSNI1 7 Bk Xf
GeCKO SCEMAT T 5 8 BUam gy, X & 41 sgRNA
REARHATIREE WY 08, %8 NP 22 SRR A Y)
B RS FEAb 8 12 DL R 20 M N e S e T i S,
FE R R 55 12 76 1A SLC35A1 Fl—Fl DNA %5 s 1 [
F Capicua (CIC), JEAWFFTA G AR [H] 8 05 15 5
BAUEB T SLC35A1 J2 M4 15 R 3 e R s B B e A G 1)
T ERTFC YIS R R R e S T 204 A5
H7N9 ALV $EFEAH G 1 EFEH, F— L RE T 14 4>
TERRREMCRR . AMR . SR i S5 A TR B Bt A 48 E
fE FEE, AR A SR 2 (CYTH2) , PURKE
B 24 (TTC24) 1 N - Z Bt W 2 & R 5 B
(NANS) %, BR7E R — 2K [ £ 3k Cas9 A
sgRNA FEBRFLFER AN, B n] ) 55 E F 18 Cas9 HHH
fl) A549-Cas9 4IIZ ™| #f sgRNA 5[ 218 05 2 %
IRERA, S 7 SR IR A0 B 3 ) e PRI 2 4
MIZ, SRl i m dnd cr ] s B
(1) R T 48 AN [R] ) sgRNA SC 8 R i 16 AN [] 19 JE 1A
Li 254 SR FH G 124 0 6 1 224 52 i) YR 37 JB8oi 4 Ja
LR H B 1 EAHSCHEA, W V- ATP i 4 % K+
WDR7. CCDC115 Fl TMEM19, A 2'-0-1% Kk H %L
FoME (CMTR1) %%, 3T JLAF Song %7 fifi FH i BUW
P HSNT X A549 4t B iF 47 42 J PR 4 56 DA i o i 32

R DCC W B 4 (IGDCC4) 3 AL 15
16 A549 4R i E ), IGDCC4 & —28 B AT fupe sk
BEOASSHEMEREN, S 59008500 256 F0R
I FE, 55 R ILEE R AR A EAE AR R R N A B 1
F4HMET, IGDCC4 JHE A A bR B 2 4 v 1/ BBt
TROR R IRL A RE 7, Ma 2508 5 1k % 52 78 2 i
(UDP-N-Z L) —2-2= ) S5 A4l / N- £t H &5 b e
B (GNE) S E ATV W% B A PN 25 1 FH 0 56 B 15
FEHF,

Heaton 2557 i | dCas9—-SAM {4 1% R 48 47 4 3t
P2H et FRaR T E , s F 48 th ATV BRI 7 B1,
4-N- Bz Fe e 2 1 2 (BAGALNT2) , @i
B o — 2, 3 —IEHEMERIR AR, MImslme S
AIMSs 4, R BR 24 BAGALNT2 it 23k mf, 4L
TALHE H5N9 . H7N2, HON2 F1 HI1ON4 75 bk 25 ) 2t
ATV BRIEGY . i1 T BAGALNT2 ANTETE T b JE N 40
Hr, BFSE A BUFI I CRISPR/Cas9 $R |, 7E DF-1 4 g
Hyd ik BAGALNT2, 7E H5NS, HON2 WA ALV F
EORPER RS, DF-1 SERERYAETS R & T 9
AR DF-1 4000, BAGALNT2 i hb o 7 & 2% 2 fp
JREEIIRHT Y . King 45144 CRISPR 55 7 ) 7]
REBERG SR T — PR EAIR L) Cas9 %
SEPREHEAR, REUS IR B e ATV YL o 5 1 B B Xt
WaRE R B EE R EN T 3 BE RN 1
(TREX1) , TREX1 i izf [ fife 48 i 5 o %) DNA KB 1k
ANTE Y FIR PR . XIS T & T P 5
TBIT RS AL T B A LA, BN T 2RI AR A
H, PR ZEEA B 5 AR 32248 v 7 R
BRI B, TRPPC #E 2 T X6 it 8 5 5 1 £ A0 B
VEFRRBRA , o8 AR PR SR 5 AT $ 4L T 5
5 1wl

GASDERMINSs J& 5 FL RN 25 (H R %, 1l 51k



BHEEE

2025 4F

£578 FoW <129 -

BRI FE T, 5 EOR F M RO R T
CRISPR/ Cas9 £ R Fff: GASDERMIN E (GSDME) fii
AS49 20 AFN A JEAR it v Rz 40 AE HTNO ik 7 JEk e
JEBET AT T, H GSDME HiBR
/NERTE HTNO i 8 BOEME L S AT, X — R IR R
GSDME 3% J& H7NO 5 5 8% % 14 il 240 it DA - XU i
a5 R A SR REALE] DT BT HTNG S5 1Y
PURBEL YR AT TR R, MR A
(ANP32) 7E& it B 85 & i ho SR T, 46
ANP32A . ANP32B fil ANP32E, H: ¥ ANP32A #ik

SR ATV JE il (1) 51 2 45 Bh IR 7 O 5 i 75 15 1 2
4% | Zhang 25" {fi F§ CRISPR/Cas9 i R T —
251 ANP32 LA EEIS 293T 4 5, IR HZ 40 5
THERAE T ANP32A 1 ANP32B J2 ok & F 0 3 i 75
BA G VE R S5 1E E R HT DI R B e d R A
Mgy P, 2 2 A9 R4S T LA CRISPR U
VRS E IS ALV B 1 2T, DL Rk s
HERFERTEAR . il feikii i h k4%
1 EAATBE

X2 BREFSEXBEIET

(FESSES BT IR T T 40 5 EFE T8
SLC35A1 5 H5N1 A549 SRR, B iE MRV TR A0 MR, IR S R HE
52 R4
cIC R H5N1 A549 3 3t JHL A ST B A6 AT 5% A0 ok o 2 R Rk (B 2 A
PR TE Y T
CYTH2 A H7N9 A549 PRI A0 M B A o AV BE T B, AR TR T A ORI
IGDCC4 R H5N1 A549 o e N R e o AR 3 EP
GSDME [BiS H7N9 A549 AT, B R
ANP32A S H1N1/H7N9/H9N2 293T JRTEHAT ANP32A HEF5 L RNA SR A BEE, (2R3 R 4l
2
GNE PR HIN1/H3N2/HON2 A549 W PR LI DGR , SR AL B HA ZR T R Ss &
FHFEE T 7 R HINI MDCK BWEFIFENE, FIPORER AR, THEEE
(IRF7)
JREEEE F A6 (AnxA6) [BiS HIN1 HEK293FT SRR AETE R BE R AR, M R i1 2F
THERAFEREN 3 R H1N1/H3N2 WI-38 VAI3  BHWORREBENE 5 N mA, 0010 & it i 2 4F A 40 i 5T
(IFITM3)
WA o7 53 HI1N1/H9N2 A549 Bz, et ee 2 il
(Importin-a7)
B4GALNT2 W H7N2/HON2/ DF-1 Z: 5 RO MR RS IE R, S0 & TR HA A
H5N9/H10N4 M2k &
TREX1 TRPPC HINI A549 I gt 4T LT P 0 S DNA, RS e R A

2.2 CRISPR/Cas9 HEARENMFEEREHARPHEA

CRISPR/ Cas9 $ A 1] DA 1o i s o o A 4 58 1
FERN, MR EE RN, A &b
T iE 2 W) AR LV E R E A Yi DY R AS49 4 i
CRISPR/ Cas9 422 PR 2w R SC PR 35 08 1 Ui 20 75 38
BT IE F I CYTH2, CYTH2 25 3 BOR # N
F, 8w BE CYTH2 W] DL #0 6l H7NO Ay J# Y,
CYTH2 54705 SecinH3 7E 44 P A1 1] ok 55 37 JE 7 Jak
ge, AR FEMBT ALV 25 R AL, ALV #EAH
b0 I T B IR A BT 1% S i 3] 240 A PR A 727 SR A
S, Tmportin—o7 75 A% §i A i B2 vk 1) 5 8 VR
i L R Importin—a7 FEH, &I Importin—a7 XF A i
JEHINT, &k HON2 AU sk HINT %8900 7 19 4

KA & W s &R, B ik Z 4b, GSDME,
IGDCC4 ., GNE %502 AIV By 648 ME E N7, NITR
BB BE R MG FN 2 W P it TRk G . BRI ALV
W fE ERF S PR R A YT R BA B R
J1, (AR EER S R T S5 2T
i, X S T ] RE S RE A IE R AN TR, BEOR
RN s RIVER, 76 SE BRI b 75 2225 e 7 19 A=
JAI K AP B, AR, AR B HIRREL,
BT BETC L SR A T R EE R ] 5 ALV A
FEAR SR, WG e 2RI 251k, FRRIGITRICR

CRISPR/ Cas9 H¢ A [ HI T 9t s 2 48 A0 19 07 228 4
FESN, A 3E o R 4 R A & R ALV B HRBT T
Alewo %' F| ] CRISPR/ Cas9 5 A 7E 4 1 F K 40



- 130 - Animal Husbandry & Veterinary Medicine 2025 Vol. 57 No. 9

X7 ANP32A FEH AT 4w %, KiE 17X AV A HidE
FOXS , IZS R ZE YL ALV J5, R B R A 75 3%
WRERRRE J1, JoRM ATV TR Fi4a i 32 4L 1
AURTREYE ; e XS i ik BAGALNT2 45 7= A=
Br ALV & B, DT80 s B AR 8 SRR E R i
1A% .
2.3 CRISPR/Cas9 ¥ R 7E & i B& & 53 A B2 A

BEOALV T, SV HE R B AR ] S5 R
FeWE KB FEREA T PN Fe e FH B v 2 G A 1 g
BT, SR FH X S 5 928 1 B A JRURE ] A KU FE T
GG R REAR L, a2 A R
P, R T AR AFAE R — S SRR HEr, 3t
FH IR R B AR IR T & 2, (R2
TR S RAEE RN, 20 M A 7290 75 B 451K
A T B AR AL AR B A RE S 2 0T #2232 (10 B 2 A K
Vo, S A E Y T CRISPR/Cas9 4% AR K
A PRI RE R AR AL TR ekl T R EE . KRB
i (MDCK) Haye gt T4 =i ide i, I
TP A VR B A AL R 0% B 7 1 BB AR
H, RBEEAN I 3 sE 22 2™ R, A B AR
i CRISPR/Cas9 AT & T T ERM TN F 7
(IRF7) B2 MDCK 40 8 (IRF77~ MDCK)'*,
IRF77"MDCK 2 i % i 8% 25 H A7 5 /0 9 25 2 R AR
K Eshchenko %7t | F§ CRISPR/Cas9 7£ WI-38
VA3 4088 LR T FHERIAESEBEN 3 (IFITM3)
R BA TR AN M 2R, TFITM3 (4 85 % 1 75932 40 i 3R
Xof 5 T T 75 FE R 3 TR 7 119 R B IR . SR A B
Wik CRISPR/Cas9 /1 5 H) AnxA6 K & bR &1 T
HEK293T 4fififd, K45 T JL1> ANXA6 & K 6 [ 1Y 5
B, B A AN X ATV B i Gy Jep ) ax st
R 5 WA B T3 S e v AR 0%, iR
o I R A v 20 BB ALV SRR, DA i b g8 i b
TR A

CRISPR/ Cas9 4[5l J % H AL 3 3t 50 1) 2 56 20 o
SERFE, fetp e | Ak AR BOR T A0 EE A
PEW . Zou %V FI ] CRISPR/ Cas9 5 A 2 1 18 5
FEM R EE (DEV) 4], 7& DEV % H 4 H i
AT H5NT EHY ATV Ay HA S5 PR RIS 3 A5 9006 25 i
BOLEBEREER (E) 5K, ST &5 X H5N1
WAL EEORE ALV | TS A 5505 5 NS A BE PR I R 1Y
SN PERARETEVE, 5 Zou {i ] HDR J7 14 A JE A
A BEATA], Peng 251 F| F NHEJ 4K #i ¥ CRISPR/
Cas9 ¥ HA JENHH A DEV LR, 614 & Wi Bos i
TR 5 406 B T, Tang 255V 43 ) ] CRISPR/
Cas9 HR | TEJXGIEEREE (HVT) A A H
I B AR A KA R LN, I & —FRE

PLHON2 ALV | A& Gtk A8 98 00 B FIA% Y v ik Q3
R EE — M H 2 HVT %2 1 i £ 8¢k, CRISPR/Cas9
AR E R F IR PIR A ZAINEILE, IO T4
P B MR PR R S B R, SRR & TR I &
PIRR, 3 W] RE AR AT 2R B I T & B8 T
BJ7 e, AN, CRISPR/Cas9 3 A 45 & 21 40 g W fhf
PR TP A R EE 4] HVT - H7NOHA i 356 %2 v
BRI A O e 0 T AR R, T
FFIKKZHAIV 1 HA B4R,

3 iitSRE

CRISPR/ Cas9 e ARA: g — A5 KA 25 5] 4 6 T
B DHACER | RS iz SRS A i
BlEmt st T DM T R e 3 R D RE 5T
Jrif, O HREE S R BR RIS R . ST SR B
WA B R BRI R DNA RN
FHOCEE I BE I, VR T A5 75 1) 26 i JR B0 R B0 AL
', ATV fE2H RNA %8, CRISPR/Cas9 #i A H
WFFE Hp 2R T8 £ PR A e, JEARE
LR ) B R R A T e . AN BEE S AR
HANWT & €, CRISPR 3 [H 48 AR 7E RNA S8 L L
FHAA B B R 8%, CRISPR - Cas13 2 4t [ H: i 7 /Y
RNA #[i] € /1 . CRISPR - Cas Z % H [l 8 i 1, A
AT TFIF & P e A% 9 RNA J BRI 7 325, a8 [H
RS DIEIRIAR RNA B9 75 &2 1 1 R 1 i g1z
NP0 IR, W0 R RO B L IR B
HIV %554 b, Nemudraia %555 1 1 1 %Y CRISPR
ARG EIX RNA W58 DU (SINV) #4577
FEA s, X FPEIE A RNA g AR R &
PR, B ABFSE RNA R 35 A 3R AT &8 807
AR T AT EME, CRISPR/Cas9 A B 7E & 2
BE TR 41 4 v AR A, 18] 3 5 R 1 A T R T
ANP32A B H P AIV BN 4R 08, X R T
CRISPR/ Cas9 1143 [X] Z 8 452 R 7E 42 5 85 2 P v
PR IEWN b Sy - C S SERIPE PSP TEENETRELS
SR XTSRRI P, EESRIER SR T, N
B AE A% 38 o) 28 A8 5 N I Bk S0 | 33X 14 B B R 4
X AEAETEAE (e A8 SRR UK, ISR A PR IR 3
PR G 4 4 s ) 7 2 SO 2 A ARV T

JS4E CRISPR/ Cas9 H AR 7E 85 Uit /2o 1 i 92 5 B
BRI E R Ty, (FR & 240 i A A R K F
I, CRISPR/Cas9 M gmiB R RANA R, DISiatl
Wz WA R i, H CRISPR/Cas9 R40
B v 7 FHATS T s 58 S 00 7 0 B 338 I I 114) IR
I A0 2 e 1T e S Bl WU A 28R, Wi AT R I A
TERRPERIR Cas9 B IRFNLALIE L RGE, AT LA /D



BHEEE

2025 4F

957 &

9 <131 -

BN AR B A AT ROk IR A I 4k SR R
B CRISPR RS A Cas 8K, JF & A0 3% 2% 5
B, JRES A AL R B SFEOOR, AT SRV RE T
CRISPR/Cas9 WiHEAL N . LAk sgRNA BT LA LG
WESE R G oM > 3R 0] S AT A R R L 2L, ik
P B 26 B R T R R A, AT FE T
PrRRA MG ERFE W, R ATV B
SRR AT RS T . WFSTE I 84 A CRISPR
FE IR i H RN ATV 0 3 DR 2 00 47K v 25 4 A0 20 A
NIRRT R A 2 A T fL R SRV 7
MO AU, ARTE DX | B 2 SR RN A T B R 1 4 0
BT A R T, B S B R ROR, W
CRISPR AR SEGMbTR Y4 &, ARG
ST FBIPMNEER, $Em @ BRI RC),
BEM G 77 A=, LLIEHES) CRISPR/Cas9 HARTEE
T B B 2 T R

S

[1] PACESA M, PELEA O, JINEK M. Past, present, and future of
CRISPR genome editing technologies [J]. Cell, 2024, 187 (5):
1076-1100.

[2] MONDAL R, BRAHMBHATT N, SANDHU S K, et al. Applica-
tions of clustered regularly interspaced short palindromic repeats
(CRISPR) as a genetic scalpel for the treatment of cancer; a trans-
lational narrative review [J]. Cureus, 2023, 15 (12): e50031.

[3] CHEN K, WANG Y, ZHANG R, et al. CRISPR/ cas genome edi-
ting and precision plant breeding in agriculture [ J]. Annu Rev
Plant Biol, 2019, 70: 667-697.

(4] WV, XEE, #£B8, % CRISPR/Cas9 H R7E 5%
BRSSPI R ()], hEEBERE, 2023, 53 (12):
1570-1578.

[5] PUSCHNIK A S, MAJZOUB K, OOl Y S, et al. A CRISPR
toolbox to study virus —host interactions [ J]. Nat Rev Microbiol ,
2017, 15 (6): 351-364.

[6] SHALEMO, SANJANA N E, HARTENIAN E, et al. Genome -
scale CRISPR—-Cas9 knockout screening in human cells [ J]. Sci-
ence, 2014, 343 (6166) . 84-87.

(7] &, FHRM, Bk, % Cas9 M PE S SHI £ S ML
2L MSTN B[R EERAOBEIE [1]. R sURML R 25 4], 2025,
48 (2): 419-426.

[8]  VILELA J, ROHAIM M A, MUNIR M. Application of CRISPR/
Cas9 in understanding avian viruses and developing poultry vaccines
[J]. Front Cell Infect Microbiol, 2020, 10: 581504.

[9] PROKHOROVA D, ZHUKOVA ESCHENKO N, LEMZA A, et al.
Application of the CRISPR/Cas9 system to study regulation pathways
of the cellular immune response to influenza virus [ J]. Viruses,
2022, 14 (2). 437.

[10] VILELA J, MUNIR M. Development of CRISPR/Cas9—based novel
vaccines against poultry viruses [ J]. Access Microbiol, 2022, 4

(5): 1-12.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

CHANG P, SADEYEN J R, SEALY J, et al. The application of
CRISPR/Cas9 system in the generation of viral vectored avian influ-
enza vaccines [ J]. Access Microbiol, 2019, 1 (1A): 11-18.
ISHINO Y, SHINAGAWA H, MAKINO K, et al. Nucleotide se-
quence of the iap gene, responsible for alkaline phosphatase isozyme
conversion in Escherichia coli, and identification of the gene product
[J]. T Bacteriol, 1987, 169 (12). 5429-5433.

JANSEN R, VAN EMBDEN ] D A, GAASTRA W, et al. Identifi-
cation of genes that are associated with DNA repeats in prokaryotes
[J]. Mol Microbiol, 2002, 43 (6). 1565-1575.

BROUNS S J J, JORE M M, LUNDGREN M, et al. Small
CRISPR RNAs guide antiviral defense in prokaryotes [J]. Science,
2008, 321 (5891): 960-964.

MARRAFFINI L. A, SONTHEIMER E J. CRISPR interference
limits horizontal gene transfer in staphylococci by targeting DNA
[J]. Science, 2008, 322 (5909) . 1843-1845.

DELTCHEVA E, CHYLINSKI K, SHARMA C M, et al. CRISPR
RNA maturation by trans—encoded small RNA and host factor RNase
II [J]. Nature, 2011, 471 (7340). 602-607.

JINEK M, CHYLINSKI K, FONFARA I, et al. A programmable
dual = RNA - guided DNA endonuclease in adaptive bacterial
immunity [J]. Science, 2012, 337 (6096). 816-821.

CONG L, RAN F A, COX D, et al. Multiplex genome engineering
using CRISPR/Cas systems [ J]. Science, 2013, 339 (6121):
819-823.

MALI P, YANG L, ESVELT KM, et al. RNA—guided human ge-
nome engineering via Cas9 [J]. Science, 2013, 339 (6121).
823-826.

SLAYMAKER I M, GAO L, ZETSCHE B, et al. Rationally engi-
neered Cas9 nucleases with improved specificity [ J]. Science,
2016, 351 (6268). 84-88.

WANG T, WELJJ, SABATINID M, et al. Genetic screens in hu-
man cells using the CRISPR —Cas9 system [ J]. Science, 2014,
343 (6166): 80-84.

VM, TR, JK4EST, 45 CRISPR/Cas9 43k [ 41 M i 764
aRkEm R [J]. Ak, 2018, 30 (9): 994-1002.
FERME, KW, JKIE. JET CRISPR—Cas9 3L SCPE MY A
SEH (1], PEAEYE ST YR, 2019, 35 (9):
931-938.

QI L S, LARSON M H, GILBERT L A, et al. Repurposing
CRISPR as an RNA—guided platform for sequence—specific control of
gene expression [ J]. Cell, 2013, 152 (5). 1173-1183.
KONERMANN S, BRIGHAM M D, TREVINO A E, et al
Genome—scale transcriptional activation by an engineered CRISPR-
Cas9 complex [J]. Nature, 2015, 517 (7536) . 583-588.

Al Y. A comparative analysis of CRISPR screening technologies
[J]. OJGen, 2023, 13 (4). 115-124.

GUNA A, PAGE K R, REPLOGLE J M, et al. A dual sgRNA li-
brary design to probe genetic modifiers using genome—wide CRISPRi
screens [ J]. BMC Genomics, 2023, 24 (1) 651.

LI Z, HAJIAN C, GREENE W C. Identification of unrecognized
host factors promoting HIV -1 latency [J]. PLoS Pathog, 2020,
16 (12): el009055.

KING C R, LIU Y, AMATO K A, et al. Pathogen — driven
CRISPR screens identify TREX1 as a regulator of DNA self—sensing



- 132 -

Animal Husbandry & Veterinary Medicine

2025 Vol.57 No.9

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

during influenza virus infection [J]. Cell Host Microbe, 2023, 31
(9): 1552-1567.

HAN J, PEREZ J T, CHEN C, et al. Genome —wide CRISPR/
Cas9 screen identifies host factors essential for influenza virus repli-
cation [J]. Cell Rep, 2018, 23 (2): 596-607.

WANG X, JIN Q, XIAO W, et al. Genome-wide CRISPR/Cas9
screen reveals a role for SLC35A1 in the adsorption of porcine delta-
coronavirus [ J]. J Virol, 2022, 96 (24): 0162622.

YI C, CAl C, CHENG Z, et al. Genome —wide CRISPR - Cas9
screening identifies the CYTH2 host gene as a potential therapeutic
target of influenza viral infection [ J]. Cell Rep, 2022, 38
(13): 110559.

SGRO A, CURSONS J, WARYAH C, et al. Epigenetic reactiva-
tion of tumor suppressor genes with CRISPRa technologies as
precision therapy for hepatocellular carcinoma [ J]. Clin Epigene-
ties, 2023, 15 (1) 73.

LI B, CLOHISEY S M, CHIA B S, et al. Genome-wide CRISPR
screen identifies host dependency factors for influenza A virus infec-
tion [J]. Nat Commun, 2020, 11 (1) 164.

SONG Y, HUANG H, HU Y, et al. A genome-wide CRISPR/
Cas9 gene knockout screen identifies immunoglobulin superfamily
DCC subclass member 4 as a key host factor that promotes influenza
virus endocytosis [ J]. PLoS Pathog, 2021, 17 (12):. el010141.
MAT, NIUS, WUZ, et al. Genome—wide CRISPR screen identi-
fies GNE as a key host factor that promotes influenza A virus adsorp-
tion and endocytosis [ J ]. Microbiol Spectr, 2023, 11 (6):
e01643-23.

HEATON B E, KENNEDY E M, DUMM R E, et al. A CRISPR
activation screen identifies a pan —avian influenza virus inhibitory
host factor [ J]. Cell Rep, 2017, 20 (7). 1503-1512.

PARK J S, WOO S J, SONG C S, et al. Modification of surface
glycan by expression of beta—1, 4—N-acetyl - galactosaminyltrans-
ferase ( B4AGALNT2) confers resistance to multiple viruses infection
in chicken fibroblast cell [ J ]. Front Vet Sci, 2023,
10: 1160600.

BROZ P, PELEGRIN P, SHAO F. The gasdermins, a protein
family executing cell death and inflammation [ J]. Nat Rev
Immunol, 2020, 20 (3). 143-157.

WAN X, LI J, WANG Y, et al. H7N9 virus infection triggers
lethal cytokine storm by activating gasdermin E—mediated pyroptosis
of lung alveolar epithelial cells [J]. Natl Sci Rev, 2021, 9 (1):
nwab137.

ZHANG H, ZHANG Z, WANG Y, et al. Fundamental contribu-
tion and host range determination of ANP32A and ANP32B in influ-
enza a virus polymerase activity [ J]. J Virol, 2019, 93 (13).
e00174-19.

XUZW, AR, FFBE. A CRISPR/ Cas9 J K i Bk 4 A HF
5% Importin—a’7 X Ji 80 2 A2 KRR HE R RZ I [J]. R BE =4I,
2017, 33 (6): 829-835.

IDOKO-AKOH A, GOLDHILL D H, SHEPPARD C M, et al.
Creating resistance to avian influenza infection through genome
editing of the ANP32 gene family [ J]. Nat Commun, 2023, 14
(1): 6136.

WOLFF M W, REICHL U. Downstream processing: from egg to

cell culture—derived influenza virus particles [J]. Chem Eng Techn-

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

ol, 2008, 31 (6): 846-857.

IWASAKI A, PILLAI P S. Innate immunity to influenza virus infec-
tion [J]. Nat Rev Immunol, 2014, 14 (5). 315-328.
MAYURAMART O, POOMIPAK W, RATTANABURI S, et al.
IRF7~deficient MDCK cell based on CRISPR/Cas9 technology for
enhancing influenza virus replication and
production [J]. Peer J, 2022, 10; e13989.
ESHCHENKO N, SERGEEVA M, ZHURAVLEV E, et al. A
knockout of the IFITM3 gene increases the sensitivity of WI- 38
VA13 cells to the influenza a virus [J]. Int J Mol Sci, 2024, 25
(1): 625.

KOMISSAROV A,

improving vaccine

SERGEEVA M, ZHURAVLEV E, et al
CRISPR-Cas9 mediated knockout of AnxA6 gene enhances influenza
A virus replication in low — permissive HEK293FT cell line [ J].
Gene, 2022, 809: 146024.

Z0U Z, HUANG K, WEI Y, et al. Construction of a highly
efficient CRISPR/ Cas9—mediated duck enteritis virus—based vaccine
against HSN1 avian influenza virus and duck Tembusu virus infection
[J]. Sci Rep, 2017, 7 (1) 1478.

CHANG P, YAO Y, TANG N, et al. The application of NHE]J -
CRISPR/Cas9 and cre—lox system in the generation of bivalent duck
enteritis virus vaccine against avian influenza virus [ J]. Viruses,
2018, 10 (2). 81.

TANG N, ZHANG Y, SADIGH Y, et al. Generation of a triple in-
sert live avian herpesvirus vectored vaccine using CRISPR/Cas9 -
based gene editing [J]. Vaccines (Basel), 2020, 8 (1) 97.
CHANG P, AMEEN F, SEALY J E, et al. Application of HDR-
CRISPR/Cas9 and erythrocyte binding for rapid generation of recom-
binant Turkey herpesvirus — vectored avian influenza virus vaccines
[J]. Vaccines (Basel), 2019, 7 (4). 192.

HU Y, PATRA P, PISANTY O, et al. Multi-Knock—a multi-tar-
geted genome—scale CRISPR toolbox to overcome functional redun-
dancy in plants [J]. Nat Plants, 2023, 9 (4): 572-587.

XUE Y, CHEN Z, ZHANG W, et al. Engineering CRISPR/Cas13
system against RNA viruses:; from diagnostics to therapeutics [ J].
Bioengineering ( Basel) , 2022, 9 (7). 291.

NEMUDRAIA A, NEMUDRYI A, WIEDENHEFT B. Repair of
CRISPR~-guided RNA breaks enables site—specific RNA excision in
human cells [J]. Science, 2024, 384 (6697). 808-814.
CHOJNACKA-PUCHTA L, SAWICKA D. CRISPR/Cas9 gene edi-
ting in a chicken model: current approaches and applications [J].
J Appl Genet, 2020, 61 (2). 221-229.

KHWATENGE C N, NAHASHON S N. Recent advances in the ap-
plication of CRISPR/Cas9 gene editing system in poultry species
[J]. Front Genet, 2021, 12: 627714.

ST, RURE, Bt TR RE K Sl A Sk PR 2 4 R R HG
ML) hEESE ST AR, 2025, 41 (4): 522-
532.

DIXIT S, KUMAR A, SRINIVASAN K, et al. Advancing genome
editing with artificial intelligence: opportunities, challenges, and
future directions [ J ]. Front 2024, 11;
1335901.

W, A%, WERIER, 5. HSNS /B0 M & B 5 HA
HEH T AU B [J]. B EFEREREAL, 2024, 14
(3): 260-266.

Bioeng Biotechnol,



