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Figure 1 Stem cell definition and classification
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SR T AK-STATE 1>, A kb 75 5738 5 c AMP/
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Figure 2 Research progress on pluripotent stem cells in livestock
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Figure 3 Application prospects of porcine pluripotent stem cells
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R r=E, Bm—E YR N TP e 2 Fhis 2 5. g — Tl
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A R MR A AR A AR, 38 e P G L IET
AEARHE, SR X L 20 5 A% A ML) B9 - 24 i ik
G, ERIWGAE, T ERIaRE 22 1k3h )
HONEN, LRI EA SRS N R e b A g . R
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R K i T AL G AR E 57 A R,
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T HAESEBRN TRz . B PR AR i (zine fin-
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larly interspaced short palindromic repeats, CRISPR) %
gt 1t B bR AR A B DR 4 R 1y — S T i AR
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BEDH G 0 TR ZEDUR E AU, o EAOl R
H A B 1) 5 DR 44 141 AR I CRISPR/Cas O E HE
) ¥ EhE 5 I 255 1E % B (porcine  reproductive and
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Figure 4 Classification and characteristics of gene editing techniques (Created by BioRender.com)
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F 1 PERL KA B R E 58I R 6 & R R

Table 1 Genetically modified pig models developed by the College of Biological Sciences, China Agricultural University

O SR LG Iy B/ 1 E =P
GHR ZENA B SE A b LaronZg & 1iE [41]
PKDI ZENA 51 5 IR sl o G SERLNTACE 2 4 e [42]
LEPTIN ZENA A5 (K i ok EIGAE HERR T [43]
TWIST2 BE3A 5 By BB HE 5 A8 AR Bl 2 K 1 T 2545 AF [51]
TYR BE341-5: 1 AR 3 7% DRIIR 52 Bk 1A [51]
ASGRI CRISPRA™ 3 (1 H DA p A LA B AT [47]
ACE2 CRISPRA W EEFI A Bl A [51]
CDI163 CRISPRA 5 (1 BE R R B3k PR [45,46]

$ETF. 200548 HSH, H AR KA W e 2 T U8
P A oy e s vl o 8 s R, 3 — B AR )
SRR & 4 T B AE S PR AR U B R, ok
S LG TR AR AR K JEBAE T IR SEFER.

AR, W ri AR A AN B I NG e, ¥
WAL R | B AR IR g Ny DA R R b A 7 A 22 A4
Horp, RTLIFERAE se g I EZAE AL S AT H.
RTLIFE DA 1) 55 TR A A Ay 5 B0 B A A IR 2R Ly
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Z e T AAEIPSCH Y Fk /K5 B IG & B 1 11
K Z, B NG R PR, WK IPSCHHRTL Ik Res B 35
BT BEIRIG FITETE R, AR RIS, X — %
PUARALIE 7R T RTL 1 PRTE 2 R 40 U v 78 S B AL
i, kA i R AR A B R T R R, N
A R A A P A A R R R TR L b
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A5 R Ge, SRt W v B RN v B R I v 22 RE LI
OCT4MSOX2(FHRBNAS, I A INTSALLFRRENS i) 4
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LA 2 8 A5 A8 1 7 e B e R v AV BRI TR Y
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X EERIFSE RN B v v B G 1 o R RN
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b 5808 BA PR FHE, o HAL AL S0 5
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3.2 ARG & LRI

Hh AL R A A W4 B AR 3G R i B F 5 ATk
15, R R A A 20 B A e ML D
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POVIE S ES N Faw DO F < DT (N ¥ )i R g S R 8
Jin, 3 RRG T AR S B SR AL T R SR

MZ R AR R, B inaive 2 REME T
AL TE4~ETH B,  MERHIRIGIRSIOA R E, HHdRR
A BRI RS2 N KBS, EPIFEET
BrBEse b nl, I NaiveZs BEM:AHCIE R ek Bk ak
AFGK, X 5/NRAAIIRAFE. FEES-E100F 1 i ik



ISk

5 EIRZZEPLTF/NES.5~6.0F1 AES~ 120 IR AR EPI,
BERF ARG AR AR AL B B, EPTAL TN E RS,
H.FormativeZ BEMAH &L AY 2R I8 /K FAR Fh B fa 2

PRI & B 5 5 B A, 3. AR
FUZ A AR K. LIF/STAT3E 53 J{ 7E Naive £ fig
PR BOE FEAE;  Activin/Nodal FIFGF/ERKA5 51
% AH % K F£E Formative-Primed T BE A 1F T EPIZZ BETE
YRR E TR B MTWNT/B-cateninfi 538 JAH 3L A
FEPrimed i BE 5 35 3= S0, PR IRE L RE S
P, 3 % BN R A BRI IR & T B4 T
PET EZE R, I AR BIBFGE RN FH B8 T HeA.

4 RS
4.1 BIFESREEX

15 2 HE T AN (PSCs) FIKE N g B F R O BIF TR AE R
B RIORI AR ) B 2R AT R A B P AR
. PSCsHIBFFE AUIMER T FA 0120 it 22 Re 1kl 4
HUHI A BRARE, W0 PR B2 | PO R AL R R
SPHRAE TSRS, SN R, JoHJECRISPR/
Cas9 R GEHYI I, AR (0 L DR B A ik vl i, Bk
W T A R 2ERF S . T RO KA
BeAE it 22 404F Hh e 1% — AT SRR AR R Z 00, M Thx3
o 40 5 R A ) & R B pg EpiSCs ki 7714 & 1)
AT, BEAS T ORNEBRIL IR AR R, LA, FEH G
BARERZFFPRIR, PR E RGeS R, h
gl A P ok T HEAT AR Ak, SRR p T A, Ry
WP NSRRI TR SR TR, R R e O M PR
95 . BE DRI A 2R A TR SR AT, 1S el S
T RGPS Cs L PR i AT A Sk A=y = A 5 Al
AR E R .

4.2 PhikHmE

JEREPSCs FISE R G B H2 AR I WF I LS 1 I & ik
J&, ABATE G — e PR AR AR . AERARZH b, BT
CRISPR/Cas9 A G AE R B AT K] H bR IER BT, vTHgs A
gRNAMIER: Tt 45 A 5 Cas iR IR B FE TG M, SO0t

S PN

A BRI SR i, P RS IR SR BT LA
o] 1 1 3 P i e A A 1 AT R AR SR AT AR —
ASSCEE L. AR R A — 2 A gRNA R 1%
i1, i AR B TR 2 S B, ik A
PETE S (I gRNAJFA, Wb 54E AR pImsi &, —
BIFE R IR E CastE 1481, UNSpCas9-HF1, eSpCas9
A5, KA R R AT A5 P [T, AT B ORI R A
FEHNgEMCR. S RERAXNERNAGI SRS, Hhn
CRISPR-Cas R4 4 F1E. L7F, RNP(sgRNA+Cas9)
75 1 3 B R 2 2 U ) sgRN A I CasO 85 1 iy 16 3] H
PRAf R, Wl T CasO7E 20 N A AR AZE RS ], DA AR
T AR ARONE Y R A

ET A2, KIEFRTPSCsH 2 agt:ny 2
FERFE R AR E VA2 B 2R R R 520, A4 it Py %
AN, DNAKR Gl RS 2R BRI A RAE, DL
Tk 3 R p HLA P 38 PR 22 RS 5 B 3% A3 R (L 7 3 b 2
PR 2%t 2 o HL 22 g AN DR 2R RS e = A S .
X[, —REIRAMFTPSCsHI L REMESE R ML,
i 16 TIN5 A PSCs 2 RE M AEHF 1) 40 PR 1 F /N3 -4
HFR, PR TR, R i R R A T A IR
JE. pH. AAWEFESEL, WOINA R EXPSCsHE A
LR, SR INBL AT S R T, A4 A
() A KT

RIRATEFE (R VREAE T ) ok 1 v 32 DR i 2 AR A
WRPERIRCR, JEARBISEH g TR, DURIRAFSE
PSCsHIZ REMIRFENLE], PLfbih R & MR 2 6
PERSEE AR 2 Ah, BT — b4 e L P 4
BARFESE A S b R, . aniE i 4 5 5L
ARG E, g BEA T RMRE SR, 1Rk
PRI it SR P80, TR, ns 20 AN S PR i 4
RIES PRI B P 5T, A APRIIAYT
PR AT SEARAY. PRAb, IR SETE I R AR AR
b A= P AR 8 R A BRI A I R, S S A A
BIRR, R Rk . Wil B pr s+
M S g R S G, S AL BEAeR
LR G, LR R B B RNG YT s, %R
A BRI AR MDA 772 oFe S TP A el .

1 Rossant J. Stem cells and early lineage development. Cell, 2008, 132: 527-531
2 Shi Y, Inoue H, Wu J C, et al. Induced pluripotent stem cell technology: a decade of progress. Nat Rev Drug Discov, 2017, 16: 115-130

4345


https://doi.org/10.1016/j.cell.2008.01.039
https://doi.org/10.1038/nrd.2016.245

M4 Z b B 2025598 F70% L2558

0 9 N U b

10
11
12

13

14
15

16
17
18

19
20
21

22

23

24

25

26

27

28
29
30

31

32

Weinberger L, Ayyash M, Novershtern N, et al. Dynamic stem cell states: naive to primed pluripotency in rodents and humans. Nat Rev Mol Cell

Biol, 2016, 17: 155-169

Smith A. Formative pluripotency: the executive phase in a developmental continuum. Development, 2017, 144: 365-373

Wu J, Ocampo A, Belmonte J C 1. Cellular metabolism and induced pluripotency. Cell, 2016, 166: 1371-1385

Nichols J, Smith A. Naive and primed pluripotent states. Cell Stem Cell, 2009, 4: 487492

Hackett J A, Surani M A. Regulatory principles of pluripotency: from the ground state up. Cell Stem Cell, 2014, 15: 416430

Wang J, Sun S, Deng H. Chemical reprogramming for cell fate manipulation: methods, applications, and perspectives. Cell Stem Cell, 2023, 30:
1130-1147

Shen H, Yang M, Li S, et al. Mouse totipotent stem cells captured and maintained through spliceosomal repression. Cell, 2021, 184: 2843-2859.¢20
Yang J, Ryan D J, Wang W, et al. Establishment of mouse expanded potential stem cells. Nature, 2017, 550: 393-397

Yang Y, Liu B, Xu J, et al. Derivation of pluripotent stem cells with in vivo embryonic and extraembryonic potency. Cell, 2017, 169: 243-257.¢25
Matsui Y, Zsebo K, Hogan B L M. Derivation of pluripotential embryonic stem cells from murine primordial germ cells in culture. Cell, 1992, 70:
841-847

Leitch H G, Blair K, Mansfield W, et al. Embryonic germ cells from mice and rats exhibit properties consistent with a generic pluripotent ground
state. Development, 2010, 137: 2279-2287

Kanatsu-Shinohara M, Inoue K, Lee J, et al. Generation of pluripotent stem cells from neonatal mouse testis. Cell, 2004, 119: 1001-1012
Takahashi K, Yamanaka S. Induction of pluripotent stem cells from mouse embryonic and adult fibroblast cultures by defined factors. Cell, 2006,
126: 663-676

Yu J, Vodyanik M A, Smuga-Otto K, et al. Induced pluripotent stem cell lines derived from human somatic cells. Science, 2007, 318: 1917-1920
Han J, Yuan P, Yang H, et al. Tbx3 improves the germ-line competency of induced pluripotent stem cells. Nature, 2010, 463: 1096-1100
Heng J C D, Feng B, Han J, et al. The nuclear receptor Nr5a2 can replace Oct4 in the reprogramming of murine somatic cells to pluripotent cells.
Cell Stem Cell, 2010, 6: 167-174

Ruan W M, Han J Y, Li P, et al. A novel strategy to derive iPS cells from porcine fibroblasts. Sci China Life Sci, 2011, 54: 553-559

Fan N, Chen J, Shang Z, et al. Piglets cloned from induced pluripotent stem cells. Cell Res, 2013, 23: 162-166

Pei Y, Yue L, Zhang W, et al. Improvement in mouse iPSC induction by Rab32 reveals the importance of lipid metabolism during reprogramming.
Sci Rep, 2015, 5: 16539

Xu J, Zheng Z, Du X, et al. A cytokine screen using CRISPR-Cas9 knock-in reporter pig iPS cells reveals that Activin A regulates NANOG. Stem
Cell Res Ther, 2020, 11: 67

Shi B B, Gao D F, Zhong L, et al. IRF-1 expressed in the inner cell mass of the porcine early blastocyst enhances the pluripotency of induced
pluripotent stem cells. Stem Cell Res Ther, 2020, 11: 505

Zhang W, Wang H, Zhang S, et al. Lipid supplement in the cultural condition facilitates the porcine iPSC derivation through cAMP/PKA/CREB
signal pathway. Int J Mol Sci, 2018, 19: 509

Xu J, Yu L, Guo J, et al. Generation of pig induced pluripotent stem cells using an extended pluripotent stem cell culture system. Stem Cell Res
Ther, 2019, 10: 193

Zhang W, Pei Y, Zhong L, et al. Pluripotent and metabolic features of two types of porcine iPSCs derived from defined mouse and human ES cell
culture conditions. PLoS One, 2015, 10: €0124562

Zhang W, Zhong L, Wang J, et al. Distinct microRNA expression signatures of porcine induced pluripotent stem cells under mouse and human ESC
culture conditions. PLoS One, 2016, 11: 0158655

Wang H, Xiang J, Zhang W, et al. Induction of germ cell-like cells from porcine induced pluripotent stem cells. Sci Rep, 2016, 6: 27256

Gao X, Nowak-Imialek M, Chen X, et al. Establishment of porcine and human expanded potential stem cells. Nat Cell Biol, 2019, 21: 687-699
Yuan Y, Park J, Tian Y, et al. A six-inhibitor culture medium for improving naive-type pluripotency of porcine pluripotent stem cells. Cell Death
Discov, 2019, 5: 104

Kinoshita M, Kobayashi T, Planells B, et al. Pluripotent stem cells related to embryonic disc exhibit common self-renewal requirements in diverse
livestock species. Development, 2021, 148: dev.199901

Cao S, Han J, Wu J, et al. Specific gene-regulation networks during the pre-implantation development of the pig embryo as revealed by deep

4346


https://doi.org/10.1038/nrm.2015.28
https://doi.org/10.1038/nrm.2015.28
https://doi.org/10.1242/dev.142679
https://doi.org/10.1016/j.cell.2016.08.008
https://doi.org/10.1016/j.stem.2009.05.015
https://doi.org/10.1016/j.stem.2014.09.015
https://doi.org/10.1016/j.stem.2023.08.001
https://doi.org/10.1016/j.cell.2021.04.020
https://doi.org/10.1038/nature24052
https://doi.org/10.1016/j.cell.2017.02.005
https://doi.org/10.1016/0092-8674(92)90317-6
https://doi.org/10.1242/dev.050427
https://doi.org/10.1016/j.cell.2004.11.011
https://doi.org/10.1016/j.cell.2006.07.024
https://doi.org/10.1126/science.1151526
https://doi.org/10.1038/nature08735
https://doi.org/10.1016/j.stem.2009.12.009
https://doi.org/10.1007/s11427-011-4179-5
https://doi.org/10.1038/cr.2012.176
https://doi.org/10.1038/srep16539
https://doi.org/10.1186/s13287-020-1588-z
https://doi.org/10.1186/s13287-020-1588-z
https://doi.org/10.3390/ijms19020509
https://doi.org/10.1186/s13287-019-1303-0
https://doi.org/10.1186/s13287-019-1303-0
https://doi.org/10.1371/journal.pone.0124562
https://doi.org/10.1371/journal.pone.0158655
https://doi.org/10.1038/srep27256
https://doi.org/10.1038/s41556-019-0333-2
https://doi.org/10.1038/s41420-019-0184-4
https://doi.org/10.1038/s41420-019-0184-4

ISk

33

34
35

36

37
38

39

40
41
42

43

44

45

46

47
48
49

50
51
52

53
54

55

56

57

58

sequencing. BMC Genomics, 2014, 15: 4

Wei Q, Li R, Zhong L, et al. Lineage specification revealed by single-cell gene expression analysis in porcine preimplantation embryost. Biol
Reprod, 2018, 99: 283-292

Zhi M, Zhang J, Tang Q, et al. Generation and characterization of stable pig pregastrulation epiblast stem cell lines. Cell Res, 2022, 32: 383400

Zhu Q, Wang F, Gao D, et al. Generation of stable integration-free pig induced pluripotent stem cells under chemically defined culture condition.

Cell Prolif, 2023, 56: e13487

Zhi M, Gao D, Yao Y, et al. Elucidation of the pluripotent potential of bovine embryonic lineages facilitates the establishment of formative stem

cell lines. Cell Mol Life Sci, 2024, 81: 427

Zhu G, Gao D, Li L, et al. Generation of three-dimensional meat-like tissue from stable pig epiblast stem cells. Nat Commun, 2023, 14: 8163
Hou Z, An L, Han J, et al. Revolutionize livestock breeding in the future: an animal embryo-stem cell breeding system in a dish. J Anim Sci
Biotechnol, 2018, 9: 90

Kim Y G, Cha J, Chandrasegaran S. Hybrid restriction enzymes: zinc finger fusions to Fok I cleavage domain. Proc Natl Acad Sci USA, 1996, 93:
1156-1160

Boch J, Scholze H, Schornack S, et al. Breaking the code of DNA binding specificity of TAL-type III effectors. Science, 2009, 326: 1509-1512
Cui D, Li F, Li Q, et al. Generation of a miniature pig disease model for human Laron syndrome. Sci Rep, 2015, 5: 15603

He J, Li Q, Fang S, et al. PKDI mono-allelic knockout is sufficient to trigger renal cystogenesis in a mini-pig model. Int J Biol Sci, 2015, 11: 361—
369

Tan T, Song Z, Li W, et al. Modelling porcine NAFLD by deletion of leptin and defining the role of AMPK in hepatic fibrosis. Cell Biosci, 2023,
13: 169

Jinek M, Chylinski K, Fonfara I, et al. A programmable dual-RNA—guided DNA endonuclease in adaptive bacterial immunity. Science, 2012, 337:
816-821

Wang H, Shen L, Chen J, et al. Deletion of CD163 Exon 7 confers resistance to highly pathogenic porcine reproductive and respiratory viruses on
pigs. Int J Biol Sci, 2019, 15: 1993-2005

Chen J, Wang H, Bai J, et al. Generation of pigs resistant to highly pathogenic-porcine reproductive and respiratory syndrome virus through gene

editing of CD/63. Int J Biol Sci, 2019, 15: 481-492

Yin Y J, Liu J, Yu J, et al. ASGR1 is a promising target for lipid reduction in pigs with PON2 as its inhibitor. Iscience, 2024, 27: 110288

Du X, Guo Z, Fan W, et al. Establishment of a humanized swine model for COVID-19. Cell Discov, 2021, 7: 70

Komor A C, Kim Y B, Packer M S, et al. Programmable editing of a target base in genomic DNA without double-stranded DNA cleavage. Nature,

2016, 533: 420424

Liang Y, Chen F, Wang K, et al. Base editors: development and applications in biomedicine. Front Med, 2023, 17: 359-387

Li Z, Duan X, An X, et al. Efficient RNA-guided base editing for disease modeling in pigs. Cell Discov, 2018, 4: 64

Anzalone AV, Randolph P B, Davis J R, et al. Search-and-replace genome editing without double-strand breaks or donor DNA. Nature, 2019, 576:

149-157
Fu Y, He X, Gao X D, et al. Prime editing: current advances and therapeutic opportunities in human diseases. Sci Bull, 2023, 68: 3278-3291
Zhou S, Lenk L J, Gao Y, et al. Generation of sheep with defined FecBB and TBXT mutations and porcine blastocysts with KCNJ5G151R/+

mutation using prime editing. BMC Genomics, 2023, 24: 313

Wimmer T, Sawinski H, Urban A M, et al. Rapid and reliable quantification of prime editing targeting within the porcine ABCA4 gene using a
BRET-based sensor. Nucleic Acid Ther, 2023, 33: 226-232

QiY, Zhang Y, Tian S, et al. An optimized prime editing system for efficient modification of the pig genome. Sci China Life Sci, 2023, 66: 2851—
2861

Wang M, Sun Z, Liu Y, et al. Hypercompact TnpB and truncated TnpB systems enable efficient genome editing in vitro and in vivo. Cell Discov,
2024, 10: 31

Xu C, Qi X, Du X, et al. piggyBac mediates efficient in vivo CRISPR library screening for tumorigenesis in mice. Proc Natl Acad Sci USA, 2017,

114: 722-727

4347


https://doi.org/10.1186/1471-2164-15-4
https://doi.org/10.1093/biolre/ioy062
https://doi.org/10.1093/biolre/ioy062
https://doi.org/10.1038/s41422-021-00592-9
https://doi.org/10.1111/cpr.13487
https://doi.org/10.1007/s00018-024-05457-z
https://doi.org/10.1038/s41467-023-44001-8
https://doi.org/10.1186/s40104-018-0304-7
https://doi.org/10.1186/s40104-018-0304-7
https://doi.org/10.1073/pnas.93.3.1156
https://doi.org/10.1126/science.1178811
https://doi.org/10.1038/srep15603
https://doi.org/10.7150/ijbs.10858
https://doi.org/10.1186/s13578-023-01124-1
https://doi.org/10.1126/science.1225829
https://doi.org/10.7150/ijbs.34269
https://doi.org/10.7150/ijbs.25862
https://doi.org/10.1038/s41421-021-00313-x
https://doi.org/10.1038/nature17946
https://doi.org/10.1007/s11684-023-1013-y
https://doi.org/10.1038/s41421-018-0065-7
https://doi.org/10.1038/s41586-019-1711-4
https://doi.org/10.1016/j.scib.2023.11.015
https://doi.org/10.1186/s12864-023-09409-y
https://doi.org/10.1089/nat.2022.0037
https://doi.org/10.1007/s11427-022-2334-y
https://doi.org/10.1038/s41421-023-00645-w
https://doi.org/10.1073/pnas.1615735114

M4 Z b B 2025598 F70% L2558

59

60

61

62

63

64
65

Peng G C, Liu TR, Qi X L, et al. A genome-wide CRISPR screening uncovers that TOBI acts as a key host factor for FMDYV infection via both
IFN and EGFR mediated pathways. PLoS Pathogens, 2024, 20: 1012104

Lu H, Liu J, Feng T, et al. A HIT-trapping strategy for rapid generation of reversible and conditional alleles using a universal donor. Genome Res,
2021, 31: 900-909

Li P, Zhang L, Li Z, et al. Casl2a mediates efficient and precise endogenous gene tagging via MITIL: microhomology-dependent targeted
integrations. Cell Mol Life Sci, 2020, 77: 3875-3884

Li P, Dong D, Gao F, et al. Versatile and efficient mammalian genome editing with Type I-C CRISPR system of Desulfovibrio vulgaris. Sci China
Life Sci, 2024, 67: 24712487

Yu D, Wang J, Zou H, et al. Silencing of retrotransposon-derived imprinted gene RTL1 is the main cause for postimplantational failures in

mammalian cloning. Proc Natl Acad Sci USA, 2018, 115: E11071-E11080
Feng T, Qi X, Zou H, et al. TSA activates pluripotency factors in porcine recloned embryos. Genes, 2022, 13: 649

Cao Z, Wu R, Gao D, et al. Maternal histone acetyltransferase KAT8 is required for porcine preimplantation embryo development. Oncotarget,

2017, 8: 90250-90261

4348


https://doi.org/10.1101/gr.271312.120
https://doi.org/10.1007/s00018-019-03396-8
https://doi.org/10.1007/s11427-023-2682-5
https://doi.org/10.1007/s11427-023-2682-5
https://doi.org/10.1073/pnas.1814514115
https://doi.org/10.3390/genes13040649
https://doi.org/10.18632/oncotarget.21657

ISk

Summary for %25 T4 -5 2 H 4 S B AR BT B 2 F

Innovation and application of porcine pluripotent stem cells
and gene editing technology

Minglei Zhi', Fei Gao', Xuguang Du, Xinze Chen, Mengqiao Zhang, Chuyue Liang,
Jianyong Han" & Sen Wu'

College of Biological Sciences, China Agricultural University, Beijing 100093, China
T Equally contributed to this work
* Corresponding authors, E-mail: hanjy@cau.edu.cn; swu@cau.edu.cn

Porcine pluripotent stem cells (PSCs)and gene editing are pivotal in biomedicine and biobreeding, offering tools for disease
modeling, regenerative medicine, gene therapy, and animal breeding. Over the past 40 years, the College of Biological
Sciences at China Agricultural University has made significant advancements in the regulation of pluripotency and the
establishment of PSCs. Notably, we have successfully developed stable porcine embryonic stem cell lines and induced
pluripotent stem cell lines (iPSCs). Additionally, important breakthroughs have been achieved in gene editing and the
preparation of gene-modified pig models. These achievements not only propel the development of agricultural
biotechnology but also provide novel insights for human disease research and treatment.

Our research has not only confirmed the role of the transcription factor Tbx3 in enhancing reprogramming efficiency but
also revealed that the nuclear receptor Nr5a2 can effectively substitute for Oct4 in the reprogramming of somatic cells in
mice. We have successfully derived porcine iPSCs by retrovirally transducing porcine fibroblasts with four human
reprogramming factors, leading to the birth of cloned pigs. We have identified factors such as Rab32, Activin A, and IRF-1
as crucial for regulating iPSCs pluripotency and established an induction system for directing porcine iPSCs toward
primitive germ-like cells. Additionally, we have developed exogenous gene-independent porcine iPSCs and a stable culture
system for porcine pregastrulation epiblast-like stem cells (pgEpiSCs), providing novel insights into livestock stem cell
breeding. Porcine embryonic stem cells are ideal models for studying pluripotency regulation and are key seed cells for
cultured meat production. We can obtain cell-cultured meat with traditional meat characteristics, which is significant for
sustainable livestock development and food security. Moreover, porcine embryonic stem cells play a central role in
embryo-stem cell breeding strategies, enabling rapid genetic improvement and endangered species conservation through in
vitro germline induction and fertilization, providing new avenues for biodiversity protection.

In the field of gene-editing technology, we have developed various efficient gene-editing tools, such as truncated ultra-
small TnpB editors and in vivo CRISPR library screening methods combining CRISPR/Cas9 with piggyBac transposons,
offering new solutions for mammalian gene editing. We have also developed a HIT-trapping system independent of
homologous recombination for large-scale mutagenesis. Furthermore, we have successfully innovated the Cas12a-MITI
method for precise gene integration. In base editing, we have optimized the Dvu-type I-C CRISPR system, leading to the
development of Dvu-CBE and Dvu-ABE base editing systems, presenting new opportunities for gene therapy and
agricultural biotechnology. Significant breakthroughs have been made in creating gene-modified pig models that mimic
human diseases, such as Laron syndrome, autosomal dominant polycystic kidney disease, and non-alcoholic fatty liver
disease. These models provide valuable tools for studying human disease mechanisms and advancing medical progress. We
have also developed pig models resistant to porcine reproductive and respiratory syndrome, marking a milestone in
disease-resistant breeding.

Despite significant progress in porcine PSC and gene editing research, challenges and limitations remain. Future research
directions include developing new gene editing tools, improving the precision and efficiency of gene editing, and exploring
the application of gene editing in agricultural biotechnology. In-depth studies on pluripotency regulation mechanisms and
optimizing culture conditions to maintain pluripotency and genomic stability are essential. The expected goal is to achieve
more efficient and safer gene editing tools, develop new disease models and therapies, and ultimately bring substantial
improvements to human health and agricultural production.

pigs, pluripotent stem cells, gene editing, cloning, embryonic development
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