3936 & m TOB ¥ ik BT /AR RIERARTESEEH R PR AR R
Chinese Journal of Biotechnology
http://journals.im.ac.cn/cjbcn Oct. 25, 2023, 39(10): 3936-3947

DOI: 10.13345/j.¢jb.230291 ©2023 Chin J Biotech, All rights reserved

.é;]b: J‘\j—i’.

BEMBRAREREENRPHINBAMREAER

MEwW ', FER KEE? REET, ELALEY

1 i BlE AR 2B A Rl 5 TRE2EBE [ ARA oy it SRER PSSR E, |4 il 528225
2 I BA R AR BE B B | AR SR i TR R R g 0, T 4 kil 528225
3 WA RO BB B B ER S T iR TR S TR ML E &S s, Wit R 430072

BT, B DR, A, ERAERR, A, RCHE g B BOR TR A O R R B ST R (], AR TR, 2023,
39(10): 3936-3947.

ZHAO Wudi, HUANG Guobin, ZHU Xiangxing, BI Yanzhen, TANG Dongsheng. Application of single base editing technique in
pig genetic improvement: a review[J]. Chinese Journal of Biotechnology, 2023, 39(10): 3936-3947.

W OE: s diARANK. BEKR, REAPIFERIKEA L, iF 4 k4469 CRISPR/Cas9 2
AR EHEERR EEARNBERS S, RAFRGKE., L% 2 £ CRISPR/Cas9 %
Gk LR AR GI A BA GBI AR, T EANBARITIEGR L, CRISPR/Cas9 AR HH#E
A BT R, {2 RS T2 DNA MEER R, R F M RIAE, B A& R 6 AN F b
K, HmAKHFATZERGEA. 5 CRISPR/Cas9 K RE, F okt AR T A& Rk b
A, EmAAR IS AR REFRERfordbl, MAEFZEFH LA LEAREMRHE. KX
42187 CRISPR/Cas9 # R THREE RE. LBABBOFLERYE. FRBA BB EOR
W, NAFERLEFEBERRENGER, ABNESFREEGAR RIBFRIEF AT ERIREE
g 2

% 58i8): CRISPR/Cas9; AR %4, Faiismif; ¥, ZMH4EKR

T FHE SR TR (2021 YFA0805900) s )7 7R 44 HE A AU T % T Kl - # K RHE % 11 (2022B0202110002 ,
2018B020203003); %K FAR#H4:(82070199); | A 44 3 =y 1 HE fd 938 191 (2021ZDZX2050)

This work was supported by the National Key Research and Development Program of China (2021 YFA0805900), the Research
and Development Plan for Key Fields of Guangdong Province-Major Science and Technology Project (2022B0202110002,
2018B020203003), the National Natural Science Foundation of China (82070199), and the Special Project in Key Fields of
Universities in Guangdong Province (2021ZDZX2050).

*Corresponding authors. E-mail: TANG Dongsheng, tangdsh@163.com; BI Yanzhen, sukerbyz@126.com

Received: 2023-04-17; Accepted: 2023-07-03; Published online: 2023-07-10



BES BRERERAEEEEHEPYNARRILE

Application of single base editing technique in pig genetic
improvement: a review

ZHAO Wudi', HUANG Guobin', ZHU Xiangxing’, BI Yanzhen®', TANG Dongsheng"*"

1 Guangdong Key Laboratory of Animal Molecular Design and Precise Breeding, School of Life Science and
Engineering, Foshan University, Foshan 528225, Guangdong, China

2 Guangdong Research Center of Gene Editing Engineering Technology, School of Medicine, Foshan University,
Foshan 528225, Guangdong, China

3 Hubei Key Laboratory of Animal Embryo Engineering and Molecular Breeding, Institute of Animal Husbandry and
Veterinary Science, Hubei Academy of Agricultural Sciences, Wuhan 430072, Hubei, China

Abstract: Traditional pig breeding has a long cycle and high cost, and there is an urgent need to
use new technologies to revitalize the pig breeding industry. The recently emerged
CRISPR/Cas9 genome editing technique shows great potential in pig genetic improvement, and
has since become a research hotspot. Base editor is a new base editing technology developed
based on the CRISPR/Cas9 system, which can achieve targeted mutation of a single base.
CRISPR/Cas9 technology is easy to operate and simple to design, but it can lead to DNA double
strand breaks, unstable gene structures, and random insertion and deletion of genes, which
greatly restricts the application of this technique. Different from CRISPR/Cas9 technique, the
single base editing technique does not produce double strand breaks. Therefore, it has higher
accuracy and safety for genome editing, and is expected to advance the pig genetic breeding
applications. This review summarized the working principle and shortcomings of CRISPR/Cas9
technique, the development and advantages of single base editing, the principles and application
characteristics of different base editors and their applications in pig genetic improvement, with
the aim to facilitate genome editing-assisted genetic breeding of pig.
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S rp E R R B R RS B AR A A
Pl RS | A 7= BE 7 AR R A KA 3
FHRI, gkl 2 ER A A EE
o SRMTFERUAS 28 H G Rl I, a5 B K
Pk, FEAR RAEA A4, ZOFRIRT
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L AUHT 1 A AR AT AR R Y 1 e
AL, MR & Tt e s RACR, &
RN P Na ek A= R T R e L A
CRISPR/Cas9 #i A, B P &4 1Y AR
I RRERPORES, BERASTREGE. 5
I FIEF, JEF CRISPR/Cas9 fi74: H i) B i 4
#(base editor, BE)fi &K, AE#% 7iflk CRISPR/Cas9
5 B L (R 40 XUEE 7 22 (double strand  breaks,
DSB)5| & WL R . Je iR A FR G B AR RIBR
S A WRE R SE R AL s ek, BRI AE AR R
AR R B A 1 A

AL CRISPR/Cas9 ZR G TAERBLAIA
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AR, IR T B CHE R N G BB AR RO A 7
A, 75 B A Pl B 5 [N G BB R AE A 18
el ) _E 5ol B EA T 250, LIS N = 20T
PR g el R TAR IR BSR4

1 CRISPR/Cas9 Z% THEEH
RELR

CRISPR/Cas9 Hi Cas9 & [ FlHLiE 1] 5 RNA
(single guide RNA, sgRNA)ZH A, 24 sgRNA HEE
i % EANECXT Y DR 2 4 i RN 4 A BT
Cas9 1) DNA PN UTHFE T , R 2R A )30
4 DSB, JFIEIG AN Y DNA BB, K5
18 3 AR [F]YE K 513% $% (non-homologous end-joining,
NHEJ) 5, [A] Y5 # 4 (homologous recombination,
HR)ML il 4351 52 B3 [H 58 735 sl 6 R g AL

SR B iH AR L, CRISPR/Cas9
BORBA A5 . 59 U158 A SR R ko 55
Do, PR gl T s A Y R I G,
PO TR e U, (HIR AW R,
CRISPR/Cas9 fH1EEZ MR, FINETIZRS
BTGP T 98, B g B A A 55 L 500
REAR G B UER PE DY Cas9 TR B A #E 7 51) 32 Hij ]
b 7 51 4B it B ¥ (protospacer adjacent motif,
PAM)JF 4 (I £, S0fdt B D 40 Hh m] G486 1Y
B/ Hg ey, CRISPR/Cas9 5 & 1Y
AE 6] Y5 7K % % $% (nonhomologous end-joining,
NHEN& Z HLTIAFAEA T F M, 3 ACFIIN BR ()
BB B, ) AR . B4R
WEIMBR . R AEHS, shRZ2 M.
Ab, A BRI REICEE B X B R R A AR Y
MR, T IR A A S AR RN i S R AR
ARV, T R AR A B 8] i RO 1
A AR, e — R EIR AR R
HE PR e B Hr 0
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A%

PP SR AR AE CRISPR/Cas9 AR JE
filt b AR R R —ARE R g AR R, B e 57
PESR . SR LRV R SRR, AR
T CRISPR/Cas9 fy#isiy, FAGHAL S i s 22
FH RN 2 . Cas9 AR L) J2 sgRNA =54l
Ji o HE R B I 2 T £ D7 X BRCRE HEA TR A Ak
Cas9 AL G T 25 A DNA HUA s AU sl A §) 1
—2%% DNA %%, sgRNA 5[5 Cas9 & 1 5TfHE/
SRETE U 52 e ) E AR 7 4 S )
SE LG HAR LR H 0 o B AT At
R AT 4 Fh, vl R E L O A A
(cytosin base editor, CBE)!"™ | [l I fisf 3k 25 4 7%
(adenine base editor, ABE)!"® | B3k Ak it it Ik 4 4
#%(glycosylase base editor, GBE)! I AU 5 4 4
#%(dual base editor, DBE)!"™(I&] 1),
2.1 FRMEIEREEARIE RN

Jie I T s e 2 IR R I i 2l L TG
PIEIEPER) Cas9 4 [ (dead Cas9, dCas9)LL M
sgRNA 41, H 1 sgRNA 5|7 dCas9 55 fim%
WE 5t 2 R o) H A e 41, e e 5 2 il 5 | e
WE (C) I ZUE LR BE (U), PRI BE(U) 5 IR
(AVMHECXT, 7E DNA 4% ih RIS (A) X5 i g v
E(T)BCRT, fRZSLHHREE C 2] T (G 2 A
i, CBE fi'i i Komor M 2016 4FJF
K, AT {8 T LR B 248 APOBECT (rAPOBEC1)
% XTEN 5 dCas9 Yy C Ui, MM T 5 1
AR 5 5 B L 2 B BEL . {HJR WIE DNA A
fE B (uracil DNA glycosylase, UDG)Z: 59 ih
Sl 2 UG BERC, S8 ShisEE R DBk AE B AL
PIkk U, BE2] C:G MR, Ftidmis
BT 0.8%7. 7% A1 BARE . Jy By 1k 5872
B U §FEAE B C, Komor 67E BE1 &24tHY C iy
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1 CRISPR/Cas9 EFRmIESHEARBIIERIE LS 7E CRISPR/Cas9 YEF T -4 UEEKT 2,
FEAE NHEJ HLF & A REAUB AT A sl ik 2878, M7EMGEaEIE T, fEASI & XGERTZL R, 52

IUFEREH R AR DN I AR 40 R AR o . R, diské 4 1 I DSB 51 % i 2 Ak it

Figure 1 Mechanisms of CRISPR/Cas9 gene editing and base editing. Gene targets undergo double-strand
breaks in response to CRISPR/Cas9 and random base indel or deletion mutations in response to NHEJ
mechanisms. Under the action of base editing, the mutation of base conversion can be achieved without causing
double strand break. Therefore, the editing results are more accurate and predictable, and the security risks

caused by DSB are avoided.

R — B WERE DNA-BE LAY B 6] 2 1 (uracil
DNA glycosylase inhibitor, UGI), #4/ BE2",
MM IZIRE I, BE2 MRS S T 8%

7, J& BEL 09 3 %, ZiEECEE S5
20%*, BE1 #1 BE2 it RS 1A Cas9 T H N

TEYIRIEPER dCas9 251, AN S UTHPBUEE . IR,
JUFAE5I SRS | 77 A SUE W24 1 L A7)
lRT 0.1%. A T i m it n g a5,
W PR W% E DNA AT B ] 51 UGH Rl 5 31 BEL
(o, IF FHAZ BRI 2R 15 1 Cas9 2K [ (Cas9
nickase, Cas9n)JUft; BE1, BE2 A1) dCas9, J&
B BE3, HIwEACEIRET] 40%, Bz
ERACL//KIE

W R KB, 7F DNA & il fgs i
e, JREERE U S UDG R BIHPIRRN,
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it — i UDG W34k, 2017 4F Komor 5%
7E BE3 (1) Cas9 J¥41 C ilfhin 1 AN&ishey UGK
$01, J4EK T rAPOBEC] 5 Cas9n ZZ[a]AyiH
B LA K Cas9n Fl UGI Z [l , XEIEK T
BEA4P | 75 i 35 Gt 45 o A rp 2 HE A 3R A 40 ) 1
B CEG. CH AMAEITY . BE4 TEA I I
BISTEREOL T, ARUEAR T R A AR
RE BFR W4l . 2018 4F Koblan %:7F BE4
F 3 1 rAPOBEC1-Cas9 1% N 3t . C 343 B
T ENAES, FRSRaZOLENEER GFP fl
2A BRIER P2A 34144 7E rAPOBEC1-Cas9 1
C %, HENAENEFRIETSS BE4max, 3%
BE4 27+ T 1.3 £52°,
2.2 BRIEMGTEERIBRA

JF CBE i ARJEHE, B 0 0d 1 2 i 5
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dCas9 A -G DT Tl £ 3 J% I P4 i I 2t 6 245 o
HH4E T CBE, ABE {4 g 1% i JIi 22 iR 46 Ay fig e
WA, IEad R JEE UGI/ER . ABE B9 T
VEDRHRSE: : ABE $E[m4E 7 1 N IRIES (A), TEMR
NEE R4 0 2 B /K AR 50 T 7 A= LT (D), 7€ DNA
S R G R 1R Oy B RS (G, 8RR
P i ) 53% 5L T XoF ) B R e B (T I 5 46 B 4k
ML WE (C), B b 4 6 ) A S AE 2 0 —
DNA % il J5 e & SE AT BE R ] G:C Bl xf
(e 40

SR AR A7 AR 1 R N4 I8 22 it L B A Ui 2
BRIERS | PR LA RNA #4155 RNA-DNA
SEUERUEE TR AL, TCIAVE T DNA B 11 iR i
ISR IR BEVE T DNA 4 A i i s it
RAMETT & ABE IS g AR E P Z &,
WIWF5T =W, K #F 7 (Escherichia coli) RNA
JiRA I 2 Tad A N 22/ T30 , BT DAFE
MT 2R, B5lEEE. 2017 4 Gaudelli
SEXTHF A A TadA $E47 AN T Y, 23t 7 fo ot
Ja BN A& T REBE AR FH T 55 DNA ) ABE
Z4t ABE7.101 . 5 T2k ABE7.10 HRLR AN
HERG P, 2018 4F Koblan Z87E TadA7.10 (14 N ¥
B4 bpNLS, i LAk 2 13 41 i 7 =ik i
o 2 A% R T B 9 ABEmax(®%), 2020 4 Richter
S7E ABE7.10 A 5EAl_ 138 8 AN o8 A8 7 A5 11
AR TadA8e, JF A HIARCE K Cas FHH
FIFEATER KIREE R B ABESe, £ PR
R URHL YT ABE8e 25T /A, & BT
P ABE7.10 19 590 £, 8P A I 20k 1 i
FHTHT ABE BgnEIE RS, suah, T e
21 Jif 3BT R 2 I RE A PR D) 53k M I I 20T
VR B IEES B (D RO, b — B A U5 4=
BCAY T 5K B 2 A G 2, JOykTE Al JC I
W& TCE RE PR A, TRl I 2 B 35 A 48 0 Gt 6L 1) RO
Wit /b, AT EAT i Al R AR A 1 G
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H T 1o 22 1) T e 76 T B i 1) 2 0
I ABE il CBE 437X fiig 55 BHL HEE 04 i1 s IGE A (1Y)
B, TSI I I A R I E (] ) 2 48 (TR R
PR ) U AR Bh BT T H. B T H GBE )
KIS 25 T X CBE 4 fl = R AR, H
FEFHERH CBE R4 UGH By IR w
ME-DNA B FEAL B (uracil-n-glycosylase, UNG),
UNG FERE K KT 2415 A DNA H 1Y bR W5 g i
S, 38 3 AR BTSRRI AR T C B G/A YT
', 2021 4F Zhao EIF K T HER T B 5L BL
C-A Hi#fi[¥) AID-ncas-Ung (GBE)FIZEMZL3IY
41 i o SE B C-G Ei4i i APOBEC-nCas9-Ung!'”),
[f]4F, Koblan Ikl T 5 CBE fEHIAHE
T AT LS B0 A A 1 L g B A% CGBEL
(C-to-G base editors). NifixE C-G £ G-C JwiH
SERBEMEE, JFk TIRESSIBR, AL
AR CGBE R4, SCHL T s s Xt
PR B IE B U R0 AN A Kurt KR T #
Tl mT ST BRSO A S A R . B 1 b TE
BE4max R4 FiAr oo mfas 2109, H nCas9,
rAPOBEC1 (R33A) K KA B K M BE DNA N-
WAL eUNG A . # 2 > UG MEBR, Rt
BN eUNG, f#kx UGI Xf UDG Ry HIAE
DISRAS 0 C 3] A BY C 3] G B % .
55 2 AUETE CGBEL 47k, 2Bk CGBEL
Y eUNG #4 it miniCGBE1 3, FL 45 K0 24 1) 4 48
R%(5 CGBEL AHELBS A T R%), H ) A XUk M
LR B AL T CGBEL, iX 2 Fiii i 4 i 2%
¥l s B HARE S C-G L, FEARIE Hbx
CHIA.C. T LBEEW AR 4 o 5 IR,
Yuan SER X FHEATO0IL, RO I 2l R 2k
FF % T OPTI-CGBEs"?, HHij GBE fifi 3 4w i 7
%t 1E 141 (Populus alba) . 7K fF(Oryza sativa L.)
SRR (0 B L A R AR KAE T . GBE 255
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1 ANSATTEREL BN AT C-G R S P A 48 ) ik
By, FA B AR S P AR 1 G R T
M, 243000 ZFPEHIE C. G AR S
NKB PR IR Tl ok T,
2.4 WHEHRBRA

fij & ABE/CBE /I GBE )/ I Ay Bl
B, 3 931) v A L 8 R 2 A A B — S TR ) 4%
TR T e s, W G MR, T REBE W)
S 8 [ 0 o B 40, 2020 SRR R T
R T s G e 4 —— L B ) PN R R R R
B FE 4 45 #% (saturated argeted endogenous
mutagenesis editors, STEME), ¥ Jitg 1% i i 2 i
AN MR Ry 22, it 3 o i 22 A YK 55 nCas9 Y N
s ARG, HR7E nCas9 1Y C umah & 1 48k 2 4
UGI # D1, FI7EH4 sgRNA 155 T iR
REEA, [FBTSERMR C 3 T, A B G IR, #
TF 7 OBUR 5L JE 5 4 46 28 1 98 7 4 0. Hovh
C-T W 4mHAR 5 CBE Hfl, A-G 4 BRI
X WG AT BEAK, {HJE DBE RRBCEH KT
ABE+CBE #%4iPY. 5UL[EIRf, Zhang %Ki
mE B i 2 i rAPOBECI FH 28 4% 7 ¥ 35 5 11
hAID %, I NLS %5+ . UGL # ki
PEATREE 345 T A&C-BEmax AU S 4 250
AAJG, Sakata %4 CBE &4t Target-AID Fl
PREEH /MY miniABEmaxV82G 4 i 2 ik 5331
fil5 # nCas9 1 N 3 Al C 3, I3 /M 2 4~ UGI
YE UL, Ay T — OB A XU B BE g B A
(synchronous programmable adenine and
cytosine editor, SPACE)!"®, Target-ACE AU

5 R A R RO R RCE M E AR, H
SPACE | HL A 5 /55 A RUARK 3 St 5 6 14 o WUl It
i’ RGN &, Tl T RIS SRH CBE.
ABE RS G S0ORN M I 8, fEste B Rl 5
WRIRIT S5 Ty TH R AR R 1 Y T

&: 010-64807509

3 ERARBUAERERAR
ey pL A

TR [T b 7 5 TR J5T 20 L 1R, (LR PR SR
ARG LG R R Y TR I L L
RJ5 A4 R RSB KA A1 W 7.
&S SE LR NIUPES I LT E YIS i bud (g =
R I TLAE R B A R FH R g R
PR TR RS RS AR B DA R i
o AE, AT E TR S A R BRI T R
U R R g R B R JREIE 4 1R 4
)& F +8 7% R I (zincfinger nucleases, ZFNs)4¥%
AR SO BN T F % R 1 (transcription
activator-like effector nucleases, TALENs)#% 7K |
CRISPR/Cas # 4t A J fie B ) 5 3k 2t 48 %
AR Fr 3 AR A T A BR B T4 e
RAAALE, (K% 4 DSB, 755 DNA #17
B4, IIMSEBlst L9848 . IERh DSB 1774,
W | R LA | Gt fAORER, FE 2 s S A
SEBAE RS, 5L T FE YR Ay T Y
B 5 4 R A g B B R B T4 42 DSB,
A BT E A T 4, Sy 1k DRl G i ) M
TPEFIRCR , R R 1 AR A XU, S i
A R TR KT A
3.1 REEEAXR

WL 41 il 25 (myostatin, MSTN)JZXJ HLIA A=
K EA AR AR R BN, XFRAE Kb
K7 8101 bR r AR HEL A A= K, B AR
MSTN 2 A = 275 B L 2k o FER i g 2 v
SLRE R & B R A2 MSTN Hjfgskk
JIr i Y7, ZFNs, TALENs FI CRISPR/Cas9
I FREE G BT AR R T Ui Y
rR S 2 T O R A, UEB TR BR MSTN
AL AR s R A, T ek R A K
PR
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2020 4F Li FE X BT /NERE MSTN {55 ik
D81 A 75 1 2848 (PVD20H 1 GP19del), 1
MSTN &R F ik TR, g5 RE, W
SRR O LT 4550 A s, BB X MSTN
AH VL DX 38 1 A7 ORG Y 2 4 T A R0 0 LI A=
Ao BEA BARIEE AR 1 & R . A R o R v
AL BN A Y G R R XA Y MSTN BE (]
PEAT A

2021 4 Pan (AN R K CBE 4
Y 1-BE4max-NG X 4 I 7 4 4 7 3L [H 4 .
1B MSTN LR (157 20 5 & FLMR XV ) TGG
A AR R 22 L% F TAG . TGA B TAA,
PERTZ RS, M MSTN 220 15 1%,
2022 A AR A 0O BRI g R AR
YEI-BE3-FNLS 7£7° £ # MSTN £ B55 2 4~
AT T E TR AR I AT &1
TAA, {HEIFHEATZ 1L, Western blotting 45 5 i
R, ZIEFEARKEEMT 60%™,

3.2 MREKRE

ik & B AEAE K AT 2 (insulin like growth
factor 2, IGF2) n] DL s Wil 24 L 38 51 , o m] LAsZ i g
iR S BB LA . #5708 IGF2 55 3 DN F
WMFAEZRAY , P IGF2 ML R IL, M4
P PP 2020 4EF 54 rA1-BE3
DL A B9 hA3A-BE3 . hA3A-BE3-Y130F il
hA3A-eBE-Y 130F 33X 4 Fjt A [v] (1) i 1 B i Ik 2
PEXPRE AT SEA M  IGF2 JERER 3 NS Tk
FI5E M RAE P RGN, IR 3 Ff
hA3A-BE3 B4 5 A7 0% 5 T rA1-BE3. %%
JI5t 2 Bl 1 1 52, hA3A-BE3-Y 130F .hA3A-eBE-
Y 130F (44880 R A8 T hA3A-BE3 A BT FB%,
{HIEVEST FARXT 470N, BEAR T 2 200, A
TR M o AU T AR G A R
1E IGF2 LA Fiynl gt J5 A SBE5 A R i
KR AR R 45 IGF2 KR s, LhaRigA:
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F L HE 02022 4 Song S5 hA3A-BE3-
Y103 GG #5314 T CD163. MSTN., IGF2
R R[] P A A PR G A o AR AR S R
C-T A THEHEBIf CD163. MSTN JHAHK
ik, IGF2 BEPRIRIRIGIN, fEZAETE ] IR
L 5 1 [R) 4 8 A 60 Sl R I RE
6 A A R SCRE fel A% YRR HR BT ) HG Y 22 L 1A
SmIRSE R IR A

TEMEFL S, BRI TR S = WE sl 5k
BURAHE, %A Mt RS2 T I A
fiff 1 (diacylglycerol-O-acyltransferase homolog 1,
DGAT 1)F1 i HMIESEES 720 2 (diacylglycerol-O-
acyltransferase homolog 2, DGAT2)JE K 1 521
2016 4 Zang 5B & B DGAT2 FE R AT AT
AELL DGAT1 AH#EH ELAVEN, s2mfE & IR
A RPY M iR 4 Z AR (melanocortin 4
receptor, MC4R)RJE TR E I R K ZIKF % .
MCA4R %ifith 332 NEIEBRANE N E A KA
B FEIR , MCAR TE )W PR 1415 E ARORn
RESLARI AR, Hoa e i A = R,
Vaisse % Geller 21 Young 2557144 % 3 1%
BE DR ) B Bt 9 A8 1 SCHR AR HR AT LASE il 8 M
JERE . CRERFAEREE, R E KT
FEILF Z—, DGAT2 Fl M4CR A[1E R 5 4L
BREE G B R AL I, i — 2D i R e A A 1Y
AR
3.3 Eambvmit

¥ EhE 5 VW 255 1iE (porcine  reproductive
and respiratory syndrome, PRRS), R m¥ i H-
g, T AR IR AR U S I 2 R R i
i J& 1 PRRS J% %f (porcine reproductive and
respiratory syndrome virus, PRRSV)E&YL5 |, 1%
o5 BE AT AR A It 0 B 2 A BB AZ A i, e
BN AR RS R TGE AR, SR
BRI IR PRRE [F) I R B O i AR, ELAF
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BHET R Y, PRRSV 5 G k. &
PESR 2 Y TR A 5 77 A 6 e K AL e
PR I G B3 51001 U7 3 e

PRRSV AZHLAIG 5521k CD163 4G,
ik CD163 52 1A 1B M BRI AT 5 PRRSV 11
YL, AR 1EIZR R & A . 2016 4F Whitworth
5H|H CRISPR/Cas9 A, mIitgt CD163
507 AHMNE TR IR R g DY RS
FH, CDI163 Gk i 5L R 4w 4B A AR T
PRRSV B4, 74 UEH T CD163 S %0 i Al
15 W) LTEZ K, 2020 4F Wang 25 oK A9
hA3A-BE3-NG il 4 1 CD163 &k
WA, 2022 A R TE IR R K SE B
YE1-BE3-FNLS R0 7 MME T H 1 1 A%
T CAA AR I %S T TAA, IR RIS,
WEF, M TAE5EH) CRISPR/Cas9 HARHY
iR ITE, MR G RCRE TR E] 60%, S
AR I i EAE R AR I B — M TR
Gy ARAFEG CD163 14 3 R Al B 1 ik s

B T PRRSV LISk, 1G4tk 8 I & 5
(transmissible gastro enteritis virus, TGEV)tL /&
— ol BEAR YR B o A AH CHGETER] T/ g
A T pAPN & TGEV B (1 ek aZ K10
2020 4 Xu S5 T EE A g B R B 48 T
CDI163 il pAPN XU R @i BRig™ Ja 84y 3R
BB Gt 8 R R T R e R v A R IR
B8, I PRRSV Fil TGEV Fr)Jaki

4 RE

GBE s&Xf CBE [l ¥ it — 2 & Fris 3]
), {H ABE Ry, JRELnlEa & TR
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