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Fig. 1 Schematic of the methods on generating genetically modified pigs
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Fig.2 Principles of Cre/loxP system and application in gene—editing pigs
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Fig. 3 Combination Cre/loxP with FIp/FRT to eliminate resistance markers

B3 Cre/loxP5FIp/FRTE: A B A X B HTIERRID



-842- EMUFESEYIRHR

Prog. Biochem. Biophys. 2022; 49 (3

1.2 FIp/FRT&%

Flp # & BRI TR EE R, 5 Cre [R/JE—1>
ABER W, A5 Cre 50 DNA JF51 L5 Fl
BwHMLEI, Flp L5017 DNA 7515 Cre iR 51 1) loxP
JEANZEFARTR, 2P 13 bp A9 [ SCF 51 FT 8 bp
(IR, AHSE BRI AN, #7 51)
] FRT () 75 1) AH 5] B A5 087 50 (e M B3, 7 1) AR
S A LS R S R R & B Flp KA
FH ) B3l T 2 30°C, FE— e R BRI T HAE
SRR R, R T2 A R IR
37°C ). T Cre/loxP 4t il £ 3 A& i sh W) 3L
R, NMHMEHZ, HarERE B L,
Flp/FRT RESLCELAY, Z881L1%) Cre/loxP ZRGABRESL IR,
DR AR /A 2ot 37 Flp/ERT S S7 i 5L B i i5 R
i, HRTER I B AN, % % 5 Cre/loxP
ARG, TEARASBAE 40 S IR TPE T A i
e TR B atE (K3), 2021 4F,
AR5 ZH BX ] Cre/loxP 1 Flp/FRT, GFE RS 75 (1)
SRAFPERER IR CTF- R R 5, Bt RGeHd A
FIREE A b S 1, AE Cre M2 R, HAER
B LA e 5 AN ) S 1] LoxP X A
BB (R S 2 P8 IE L, BOSEPR IR 560 s SR
TEFlp /3 F, WA loxP 41 8] 15] (4 Fre Xt 24 £F 1l
Br, SR ZOb v olemBe, SEIERIE Fk, Ml
SEER T R SR AR . X R AL RS
BN, BRI e . R B AR OCE IR TR, %
BhnA T ) PR R ThRe, SR SERR I 25T R,
SRIG IR CH LS AR ) o

2 FHMERERIERES

21 ALGFRERHTFIRIERS

TALEN, ZFN. Cas9 S5 iR B2 /y, H
SR 1 DNA BUBE W 24 FE 1 A T RCR AR,
TTEME DA R SR R e 0k, R SR R4
AR SR A U S e R IR Y S B TR
PCR BARY ™ HE T > AT B3R 1K 1 S I JE R ik 7 —
2, BE A TR 30 1ok S A SURE R R A1
HFELA., BREEIZ G, MUKRKEST
DNA WU B 24 2 A A=, 1T HLE B S8 B A 2
IR . N T ARSI ke e dkis, H
T BT ZH 2Ry S ek I PR ) ¢ 1k R T
i & A DNA SUEE WL, (] A B AL 5 A D 4467 o5
IR L AN R R R E AR, XA
AE L IE S N R DY S 3l A S A AN IR i R

ik, 2016 4, Lai 25 F| ] CRISPR/Cas9 1F %
Octd FieJg — MM BT A %6 1 AT 4THE, TR
BHEAL S SRR . 2A-Tdtomato A1 3' [ Y5 fiY
AN, ) IR E LIk AS T 40 B n
Octd FR G A e AL, IFam L SCNT 345 1 fi
FEMATHE, SEE0T 4 2 Re R A 9 SERT W
20214F, Du%s: 5V | | CRISPR/Cas9 7E 4% ACE2 (1)
PRI R B 7 2] 15 /8 B PR 4T, R4t
A 5 RVRE - N ACE2-3'[R) TR i SN AR M, 1)
W] PR LH A5 5] T 2238 N ACE2 Z K By 3% 2T 4 40
WL, IFE AR A AL AR B AR BT 3RAR T R & i
W, RERERIRE RGN . JRYT . AL T
— MBI RS . HEr, KABSR A CRISPR/
Cas9 A5 19 5 A5 [R5 o0 21 o 3R 45 56 PR & i 40 g
T8 3 S 4 A B A B AR A B 5 DA M A ) B R
PRk

2.2 Tet—off/onifi= &%

PUIRZE (tetracyclines) 540 30S A HEA D Jt
ahh, EMHMEEA R G RAAERNIAER, T
B2 PG R T AT 24 PR 9 R R B, R 1 TetA
I S U B2 N A s B ) A e £ s [N P N ]
TetA B 2R IK 52 DU IR 2 s o 41 il 2 1 TetR 1Y 9845
SRMIAE Tnl0 G i) Tet #1711, tetA Fl tetR HE [
IS B, BT IR A2 ] — IR DX {H AH B
SR BT PAFI PR IS, TetR 25 FIIE AL 2R 1K,
BUIFNZE A tetO TTE, NI HRH PA F1 PR A 8711
1M, i tetA Fl tetR ANFIA 2540 19924, Gossen
A VR T R Tet 5290 F 1) tetR 1 tetO AFEIER
TE RN L B0 20 M o o 3 R 263K 1) Tet-of PR AL
il PRAPEIE B T VP16 2R [ 07 SRl 4 3,
HtetRAl G 3R, (1 H B 32 DU 456 15 S
W T (TA), 74 tetO Bl & i RS 3 719
TATA & ; fEIRA VUM ERT, TATA &5 tetO 454,
WS NI s WA EAAAERT, (TA Y tetR
A, B IR tetO 25 &, SR 3R 5 G ] 5o
(Fl4a) . FIFX— RSG5 H 9L D) RE I 75 2L
FRLINZY, TS e R A I A7 58 2 RS BR TU B
R, BARXTEMMACTARE S H8AE, (BAERUASHY)
Seu eI, R Tet-off REFEAE A il 25 50
Y

19954F, Gossen &5 % fiiiidke 21| LUAH [ =& 44
YEHIA rTetR, IS E] T DU R AFERT, HAY3
BRIk W2 JE, HEH R85 W 56 ] 1) Tet-on 5
45, FIH) Tet-on RGN PR EAHUR, TFEE R



2022; 49 (5

XRE, % BERREEPEHUEERSHRENARER

-843 -

FIAGESE, 18 R Wb 2 AR i 1 A5 21 1E 70 i
BLAESC ML A 4 H i JE &8 (Bl 4b) . 2012 4F,
Klymiuk %5 1 YK Tet-on 7 4t L H 5 K g s
R L, a5 — R A0 M O e AR AT T R A it TA 1)
PR SR 3AS TS RMB MR, 70 H B 40 itk A
TR YR, Gl ETIE S B ST T Z IR R
Fe3K RANKL . CTLA-41g B FE B HESERERY | i b
T SR B R A R B A R S R I AR
JE S BRI XE ARG I IEOL, R SRl s B S AR R
Az R AR R B B AR AL T —Fh g B . 2012
AF, Jang &5 " 3@ 1 M2 EE S Yt Tet-on JUIF A EE T
Z VU5 FRRE R A KR B R A 4
A FR, SAHMA LR ERBERGAM AL,
pGH mRNA /K425 7 1045, FIHZ RS 45 61k
2 U AZ RS R AT 7 L A R ey 7 ) e B DR LA
TS X, 20144F, Ruan%5 OV JEiR19 ot TA B
TH N B At B e S PR 05 3D Team-2 T Uit (%) 48 L

@

FE I 20 B BE Al 1 1555 Y Tre Ji 3l pp6SRHD-IRES-
EGFP ik ik, [AAELEIE PRSI 4R 1S 1T 251
P23 pp6SRHD HIME LA 44NN 2R, fifR ol T 5+
Tl By RS R PN B 4N ) BE R A A ) i, E— 254
Bl T SRS R A R GUTE R A% B AR S 1
o T[4, LA Tet-on NE:RH, 2 DU K FHRIL
EGFP 56 3L R ' 2021 4, AR BY
Cpf1 53 BIAERE W FFHCMEAL 15, Rosa26 Rl Hipp 11 %€ J5,
Fi% 5 rtTA 1 Tre-attP-Tdtomato-attP 55 Tet-on %% 5t Y
JOE, IR 3 64 BEE 40 R AARE 53 SCNT
INFRIGZ Dox V5 FFIRLL (O TOEHER ;. E I
i b, FIFHALAE Rosa26 17 i &4 it TA JLF R 5 IR
LA 24 20 P-4 5910445 B i 6 TR KR ASC2P T3 K] 44
BB T B AR Cas9 28 M5 Hipp11 v p5,, 18
if SCNT .43 315 T Dox i F 3 ik KRASC™ il
Cas9 WIRLEVRE, IfHAEE S KRAS™FRik)G, 1A
B LI R

tTA

VP16

tetR I

|

(tet0), TATA FE[H polyA

(b

X

(tetO), TATA FER polyA

rtTA

TSP

rtetR | weis

83

(tetO), TATA FE A polyA

|

ool

(tetO), TATA polyA

Fig. 4 Schematic of inducible system Tet—off and Tet—on
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Fig. 5 Gene recombination is mediated by PhiC31
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Progress on Application of Conditional System in Gene—editing Pigs
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Abstract Conditional gene-editing system can limit gene modification occur in specific tissues or organs at a
specific time, which can be realized by introducing conditional gene deletion system and conditional gene
overexpression system into animals, and has been widely used in the study of gene function in mice. Gene-editing
pigs have important application value in agriculture and biology. In the field of biological medicine, because of
the similarities of body, organ size, physiology, metabolism, and life with humans, genetically-modified pigs can
be used for the basic research of gene function, and as a model of human disease, xenotransplantation supply and
human functional protein bioreactor. Benefit from the development of gene editing technology in recent years, it
is possible to introduce the conditional gene expression system in pigs, and conditional gene expression pig model
will greatly promote the research progress. In this paper, we review the progress in the construction of conditional

modification systems and genetically-modified pig models by using gene editing techniques.
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