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[BE] BB Fhkol, 3F¥IABEELEBBERI (o1, 3-galactosyltransferase gene-knockout, GTKO) /A
CD55 (human CD55, hCD55) HRERMERRESMBEBBEHRAEFHTINERIE. BiE FIRERENIE
ERERXEEFY (clustered regularly interspaced short palindromic repeats, CRISPR) /CRISPR#EXZEH
B 889 (CRISPR-associated nuclease 9, Cas9). PiggyBac #FEF R ARFMIAMIBTEIR AR, W GTKO/hCD55
BERBENER/NERE, BidSangerlifF. LATKEEEPCR. RLMABAR. BERALK. ETWHEBEHNE.
MEMAEES TRMMMRKBENABRSHEIROMERERINGE. FR BERERRIEHIKPX458F PiggyBac i
EFLRRERTERRE, RERSEHYHERIHKGISNBMATE, Pik2 NBMEEEHTHRMEERE, %
B2 EIR33 dMBAYE . FOTRRMEMY o1, - A EREETEEE (o-1,3-galactosyltransferase, GGTA1) EEZLH-17bp
FIEFER (wildtype, WT), FO2Ba¥ERI GGTA1 EEELJ9-26 bp/+2 bp F1-3 bp. B NBAIEAYHCD55 mRNARIXE
BEZESTWIHE (P<0.01), LAFO2BREEAMAMERREHTEZREFRE N LEFTE, £EIYHGTKO/
hCD55 ERRIENH . IXLEIEH a-Gal RFKIXERK, {EhCD55 HIFBEHRIXFARIXMER. FHit, FhCD55ER
BCpC BHITREMNDIT, ERERBAEFRIZNCDS IS FELAF hCD5EFRCpGC BESREN, MEIX
hCD55 I B it A 47 - hCD55 EF Y CpG BRI RENH I D HEFE (L. X hCD55 EHAY CpG BT HEBF L
BIECGEEE, AW hCDS5 EFMBERIK. i, NMERAEESIIREBPA IgMEEE GTKO/hCD55 EH 4
BREMALEMBENYESS/NTWIE (P<001); *MAMREIIMIEES14LI6 8 GTKO/hCD55 ¥ A9 Bt £ 4 4 8 AL
ERPESTWIIE (P<001). £ie MINFKE T GTKO/hCDSS HEERIESMEEBEMEE, HFEIZBFMN
WK T hCDS5 EF CpG BCCRE, NMBYBZEREUSHNERRKNR. AARITAREENF LR
gL, BIESRERMEEBERR.
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[ABSTRACT] Objective To develop GTKO (a-1, 3-galactosyltransferase gene-knockout, GTKO)/hCD55
(human CD55) gene-edited xenotransplant donor pigs and verify their function. Methods In this study,
CRISPR (clustered regularly interspaced short palindromic repeats)/Cas9 (CRISPR-associated nuclease 9),
PiggyBac transposon technology and somatic cell nuclear transfer technology were used to construct
GTKO/hCD55 gene-edited Diannan miniature pigs. The phenotype and function of GTKO/hCD55 pigs were
analyzed by Sanger guantitative PCR,
immunofluorescence, bisulfite sequencing, antigen-antibody binding assays, and complement-dependent
cytotoxicity assays. Results After transfection of PX458 and PiggyBac gene editing vectors into wild-type
fetal pig fibroblasts, 48 single-cell colonies were obtained through puromycin drug screening. Two single-
cell colonies were selected for somatic cell nuclear transfer, resulting in two fetal pigs at 33 days of
gestation. The GGTAT (a-1, 3-galactosyltransferase) genotypes of fetal pig FO1 were -17 bp and wild type
(WT), while the GGTAT genotypes of fetal pig FO2 were -26 bp/+2 bp and -3 bp. The hCD55 mRNA expression
levels of both fetal pigs were significantly higher than those of WT pigs (P < 0.01). The fetal pig FO2 was
selected as the donor cell source for recloning, 11 surviving piglets were obtained, all identified as GTKO/

sequencing, real-time fluorescence flow cytometry,

hCD55 gene-edited pigs. These pigs showed absence of a-Gal antigen expression, but weak or no
expression of hCD55 was observed. Methylation analysis of the hCD55 gene's CpG island showed
hypermethylation in kidney tissue lacking hCD55 expression, whereas it was not methylated or partially
methylated in kidney tissue expressing hCD55. Moreover, codon optimization of the CpG island of the
hCD55 gene to reduce CG content could achieve stable expression of the hCD55 gene. In addition, antigen-
antibody binding experiment showed that the amount of human IgM binding to GTKO/hCD55 gene-edited
pig fibroblasts was significantly lower than that of WT pigs (P < 0.01). Complement-dependent cytotoxicity
experiment showed that the survival rate of fibroblasts in GTKO/hCD55 pigs was significantly higher than
that in WT pigs (P < 0.01). Conclusion This study demonstrates the successful generation of GTKO/hCD55
gene-edited xenotransplant donor pigs. Methylation-induced gene silencing of the hCD55 gene can be
effectively avoided by reducing the CG content of the CpG island through codon optimization. This study
provides a reference for the development of xenotransplant donor pigs and guides subsequent research on
xenotransplantation.

[Key words] Xenotransplantation; Diannan miniature pigs; a-1,3-galactosyltransferase; Human CD55
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hCDSs HIfE AR o BEAMERFFERIA, 5 hCD46 1
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A 58RI Y AR S R ] R B9 1B S ) 31
(clustered regularly interspaced short palindromic repeats,
CRISPR) /CRISPR # 5% & H % MR i 9 (CRISPR-
associated nuclease 9, Cas9) ZR%i. PiggyBac 5 JFE 1 7
AE AR R, 5 GTKOMCDSS Ze[A 4
HEF/NESE, FRETREERILE . REL TN
BEARIE, 01 th Al AR RE R 3RIA hCDS5 OB Al g A 1A
1, DS MEs R AR BT R R

1 MRSEE

11 SERMERNEE

AR F R A A O BL I BF A=A (wild type, WT)
E R/ NESE IR B A 4 2 AR 22 B (160~210 H
=) B xra/ NMUEER RS R E
BAEE S BITRE [SCXK (JE) K2020-0003],
SEAG A /NRDRE Jo B A A IE 59 2023SC010000311, 31
YISEge 3R = F R R F A RF AR Bt (18
AR5 202204020) o AT SERITE R RILKRF =
A & 30 B (R 4 4 S 4 i o B R R B A S G =
[SYXK (JE) K2020-0005] 5&/%o

PX458 Jiik; (£75 112220) 14 5 3E[E Addgene 22
&]; Super PiggyBac Jithi B HERLFET FigA Rl 76t
R AR R ZINGIE . A ZERT IEF]
WP EEERVEMRIR B IR AT 2R SaaME (525
S7764-5ML) W4 H FE[E Sigma—Aldrich A ] ; 400241

% (£35S PpPD101-01), —HkmafEilila (£75 Cl15-
01) M4 HFEaEMEREMRH M ERAF: PCR4L
fEiRFI & (575 AP-PCR-50) 4 H3EE Axygen A ;
pMD-19T (F756013). PrimeScript RT Hlae (/S
RR0O47B) . TB Green (%5 RR820B) #{1LA Taq DNA
REM (75 RRO02A) 4 H H 28 TaKaRa A @ ;
TransZol UP (185 ET111-01) WWEItEZERESEYTH;
KM ERAT; FiACDSS digiRSFifk (RS
555694) WWHEZEEBD/AE; FITCHEELA o-Gal 4HfE7R
APk (£75 ALX-650-001F-MC05) 14 E 2 [F Enzo
Life Science A A ; #HZLH & 5 6 R A WA B 15
(175 G1221-5ML) . fHELCY3FRICHIES TR P (17
5 GB21303) . i KE A (F75 G1401-5ML)
e B IR AL R AR A IR AE] . CD55 —ht (57
5 ab230638) W H % [FH Abcam A & ; DAPI (85
62248) 4 HZE[E Thermo AH]; FITCHEBLHIHIA IeG T
i (575 62-8411). FITCHERBIFIA M Fifk (575
18842) Mg H3EE Invitrogen AF]; FHEELEE AM (175
C2012-0.1mL) . HALPANE (635 ST511) WH LigE
BREVFEARBGERAE; BBAME (fetal bovine
serum, FBS) (£85 WS500T) I E AR Ausbian 23
& ; DMEM B3 72 5 (85 C11995500BT) 1 B £ [H
Gibeo 23] 5 IR/ Pf/2H 23 56 [R1 2 DNA $2 B 7 &
(f75DP304) . ENFRFA/MEFEIAFE (575
DP118) M H RREMRIE: (AbH) BRAF; EZ
DNA Methylation™ i #] & ( £%5 D5001) 4 H 3%
Zymo Research A ] ; HEHHEERR DNA [ & (57
5 CW2302M) 1 B VL FR BN H 20 A I RHRE B 13 BR
UNEI

i 2 4 B { (CytoFLEX) 8 H 3£ [E Beckman
Coulter A Tl ; Lonza—4D #% ¥ 42 Y X £t (AAF-
1003X) & B E Lonza AHE]; K E L (centrifuge
5702) W8 B = E Eppendorf AF ; TAIRIEN (HMS-
320D) . 40 A R A (Y (HCF-230) . VU €& 5% 7% 44
(HincubatorDI-4R) & H MBI T ERHYARA
&l M (3730) 6 E ZEE Applied Biosystems A ] ;
BRI REEAL (R620-S1-1IEC) T EHEIIIFHRR IR
A mREA R A
1.2 GGTA1EE &1 hCD55 B &g Rix H K
9

B3t GGTA1 BE[H (Gene ID: 396733) AYES 8 &b
T DX T Sanger M7 DANT EEAZ IR 22 51 (single
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nucleotide polymorphism, SNP) #1734, B FEZRM
UG (https://zlab. squarespace. com/guide—design—resources)
& it B 4% 1] 5 RNA  (single guide RNA, sgRNA) ,
sgRNA1 5 51l ) 5'~-GATGCGCATGAAGACCATCG-3';
seRNA2 & %1] &) 5'-GCTACAGGCCTGGTGGTACA-3',
B sgRNA 53[5 PX4S8 Bk |, M ceTA1 FE[H
M BREAR . Bl 179 bp A9 AN ZEff K]+ 1o (elongation
factor 1 alpha, EF-la) JHZFH11 143 bp B hCD55 %
DU IS EEZE (puromycin, Puro) HUMEEL A FafER
PiggyBac ¥ JE 1 8 & £, M3 hCD55 if 33K # 1K
(LD78-EF1a~hCD55-P2A-Puro) ,

1.3 GTKO/hCD55 & [ 4 15 B2 4 f 52 [E H9 I &
5&£%

ERYLET 2 d 2T 0 BRI WT B R /NESE IR S R AT 2
MR REE TR FRANIEAE KRG FE T 40%~60% B,
F0.25% BRER HFE IR LS . IS 2% FBS B4
B B iEfl, mi @ B O 1 200 v/min, =R
B0 3 min, WML UTTE R IT £, BUZ 3x10°
DM RE L, 7 ER EIER. ¥ sgRNALL
sgRNA2, LD78-EF1a —~hCD55-P2 A—PuroffiSuper PiggyBac
FRFZ 1 21020 1 HERBI S R LE IR AR RS
HrE S min, SRR SIRSGE, BB GE,
{EBRE B Lonza—4D B GAN X R EH100 #2/5 F 1T
e, HEESLIG, MMAZIS0 pLE g, ¥
B LB E T 5% CO, 557558, JRE 38 °C,
FFLL 15 min, RAIRRERE R 6 cm USRI,
48 hf5, TN2.0 ne/mLHIER R R 2 do KTk /5
BN AR FE R AR 22 10 om BE5R T M T RS 77, &
3dHIR 1R, 299 dFEECHR AR %, 7ERME T AHId
SEE T, FERR LIEW, PBSIEDE2 M, R
5 2 A 0.25% FRER H BB VRIE A fS . RS 4 T
96 FLARAREEY KF577, EE KSR EEKMEEN
70%~80% HIIAIHATIEAL, BUS00 WL ZHffl K % PCR
Er, AFEEEGTKOFIhCD55 BRI EETE

FA 2 Mo S R B A o el PR AR fS . DA DNA
PE R B #E1T PCR, PCR 591 %51 : GTKO-F K
5'-ACAGCAACAGACGTCTCTCATC-3'; GTKO-R A
5'-CTTGAAGCACTCCTGAGTGATG-3' ; PB-hCD55-F
N 5'-TGCGTGAGCGGAAAGATG-3"; PB-hCD55-R K
5'-GCCACCTGGTACATCAATCTG-3' o GGTA1 HH [X fik
Y PCR ¢ 38 F X < FE BG /BN 627 bp, hCDSS5 7 PCR
B8 B BRI AE N 940 bpo FBEKRZ F50 pL, F-

BEFEFE A 95 °C 5 min; 95 °C30s, 68°C~58 C (EME
RIE AR °C) 30s, 72 °C 1 min, 10 MEER;
95°C30s, 58 °C30s, 72 °C 1 min, 25MEFR; 72 °C
7 min, § 8= PCR A Fl &4k /5 1T Sanger
W, 18 15 SnapGene R4 (GSL Biotech, AN 5 :
v3.2.1.0) #HITFRFIELYS, SEEER NP4 REE
Il Fr RO ) PCR 2lifb 4], TA Zif&% pMD-19T
Bk b, EEITHAL. WROFT 37 CREFRA PR
12h, PR DEEHTPCRINA, Ml Hi%
DR| st TE A A0 BE A B i 5 P o
1.4 GTKO/hCD55 EEmEBEMHEREE
BETE

TSR SOk 2 38 7 T R AN A RS A A
IRRAREAE, 1 GTKO/hCDSS BERI4mtiass . Mgk,
FA & 53 BN 0.1% F 375 BF Jo 2 1 A 33D\ = e X B B
CRIFEFmmR i ERARAT) Hor B 72
F-ON B4 E S, RIS TRET A TR PP
YR FIA EAERIEOCK BT TLH-PVA #2ER - A5
B AR O E R S — g, SEREALIRAE,
FRRF GTKO/hCDS5 5 [R 2 i 1Y (L PR 2 B T A BAZ IR B
MRS ER . A5, ([ERAMERE e &7
LA L200 Vimm B9 B — B R AKGHALFE 20 ps, {HEM
AR A RS . PR EMARIATE PZM-3 55775 RE 77
0.5~1 h, FFTEBGERGFREEHLL 150 Vimm A 5 ik e fi]
100 ms HEATHUE . Z R E B EIRIN S5 pe/mL 4
FAGHZE B Y PZM-3 575 5 rp, BTV G R 72
2 ho fE_ERAHFERGIESAE T T PZM-3 B zr i rh gk ot
7%, HEHTHBBE, Bl PR EMRREER]
REBZ R =IO REINE b, IR 33 d [l & =
RIFIERIIRTE o SREUIRRE G B HIR A S 5% B
E-HERZIAMW (penicillin—streptomycin, PS) #110%
FBS B DMEM AR, HiZ ik 2SLi0 s, EERE TN
LRIk B AL, FIEPBS (&
5% PS) BRI HLNEVE 3R, HFHANEPSH
PBSIFWRIFTE S IR FIRBIET TG AR BT Bl Fr . %%
B2 T25 55, IIA3 mLIRJREEIV , FHL e
37 ‘CIEMRA K FERER LIE 1 he BT BOBR AR
JEREE, BUERIAIMEAE 37 'C. 5% CO, %775
FH&7% 2% FBS f1 1% PS i DMEM R 5555255, 3 d
B L REE R, AT, AR R
S}10* N H/mL, RVRERTF & o SREUA 2 i m it %
HEPCR. TTEIBEGY)SENR: . Sangerllf7 . fit =040 A ARAN
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B RENEHI TS E . DIE RS R GHEE R
AR, HETE AR M S AR AR R AR
I3RS GTKO/CDSS5 BL R 4a 15 . FARK, Syt
B4 #ESRIAR (2 mgkg) ESHEE, AGED
T E Y R AL AT A b (1.5%~2%) 4E+f
JRRIEE o

W ERREHE R D BFEH AR . (PR B A RIS INET AT
I B 55 BE AL 2R B T80 “CARAE, A P I irk/ 4 it /4.
ZAELR 2 DNA $2BGR 7 & 2 BUIR T A 55 B9 DNA 1
BN, S PCR T ARG AL (EAA EEH) Y
PR (ZFX BPRFISRY B K) %5E, FrHSIYF
F1 : Intron7-F 2N 5'~GCTTCTTGATGGATTGACAC-3',
Intron7-R }J 5'~GATCCAGAAGTTCCTTCAGC-3"; Z-F/
M-F }J 5'-ATAATCACATGGAGAGCCACAAGCT-3' ,
Z-F/M-R ] 5 -GCACTTCTTTGGTATCTGAGAAAGT-3";
SRY-F }J5'-TAGACGCTTTCATTGTGTGGTC-3’, SRY-
R N 5'-GCCAGTAGTCTCTGTGCCTCCT-3', £ M 1.3
T H R T A v BERR S A AT BRI B B
i i 31 GTKO-F1 (5'-GCCTGGTTGGCTTCCAAGA
GT-3') #1 GTKO-R1 (5'-TTCATCATGCCACTCGGC
TT-3") #H17 GCTAI FEXIHA PCRY Y, Fr B K S B
BE N 818 bpo FE PCRYIEIRA . § HIFE I HEAh
K23 1.3 1.

1.5 SCATRY¢EE PCRIZN hCD55 Fik

W B GTKO/WCDS5 Jik K] 4 i A1 5 A 4 i O A2
21 FH TransZol UP $#2BUa RNA, i A PrimeScript RT
I &R RNA B % B cDNA, DL eDNA AR,
i 2] #ThCD55qPCR-F  (5'-TCCAGCACCACCACAA
ATTGAC-3") . hCD55qPCR-R (5'-GGTGGGACCTTG
GAAGTTAGAG-3") . pGAPDH-F (5'-AGGGCATCCT
GGGCTACACT-3") #1 pGAPDH-R (5'-TCCACCACC
CTGTTGCTGTAG-3") #HTSEINTIEE R PCRY Y. X
NAKZ 20 wL, fE 10 L 2XTB Green. 1 pL cDNA .
1l ERHSIIFT pl ddH,0. REIFERF: 95°C
30s; 95°C 10s, 60°C45s, 40 MiEER, DAGAPDH N
N2, hCD55 B A (Y AHAS RIK KB 2 kit &
"=,

1.6 HRHMARLEEhCD55Hl a-Gal i /&

Z: I 1.4 715 AT 4 40 i 1 78 57 5 vE LS GTKO/
hCD55 % [K| 4 85 B 40 2 RN BT AR B 20 25 Rl A4 2
ffl, BJFT 100 pL IXPBSHY, FEAI2 pl PEEEBAIHTA
CD35 Fifk (FaRkEb1 1 100) 37 ‘CHEE 15 min, FAIA

100 wL 1xPBS, FH2 pL a—Gal Fifk (FREEE R 1 1 100)
37 “CHEE 15 min, FANA 100 pl 1xPBS, iEid 47 =
X554 hCD55 Fll a-Gal HiJFH FIFRIATE I
1.7 REFRFEEINIEN hCD55 FRik

4 GTKO/hCDS55 B R 4w e Al W B A 2R i
EMEETIA (BENS wm), F BRI, BRE
(95%. 85%. 70%) Z.JFFHhKAk, T LTI E
2. PBSIEFE3 IR, HYR3 min, &IN50 WA H K5E
SEEERANAME, ZiREEIFE 10 min, F PBSIEVE3
W, BIR3 min, 1% FBSHHH30 min, ZRIG iM%
FiACD55 —fi (FREELT 1 200) F1a-Gal 2R AT
& (ERELE 1 2 200) 37 CHEEEMFE 1 h, FIPBSTETE3
R, BYR3 min, OB CY3 AR EPIR I (Fikk
FE1:200) 37 CEEEMFE 30 mine FI DAPTHEFTAI A
YJefty, FPBSIEYE3 min, JEN50 wl4HZH B AR
KANIBWR, FZKbE AT ER K E R AE R
TG PSR hCDSS FFRIATH I
1.8 BIFHEERNFENhCD55 RIBEEE

Z 08 1.4 15 09 77 15 53 B4 B 40 i 58 PR &
(C35&C45) . HRFE R AF4e4mift (GTKO/hCD55F02) A
5L AT M S BF 44 41 (GTKO/hCD55F02P01,  GTKO/
hCD55F02P12,  GTKO/hCD55F02P13.  GTKO/hCD55
F02P14 #1 GTKO/hCD55F02P17) DNA (400 ng/ulL) o
%R EZ DNA Methylation™ {5 &1 BH B EERR P ik T
ffu e - AR e (CT) #5162, 5 {LIF 1 DNA
FE R AE-20 CR1FE . A 5% CPGhCD55-F1
(5'-TTTATATTGAGTGGGTGGAG-3") . CPGhCD55-R1
(5'-CACTAAATCCTTCTCRCCAA-3') . CPGhCD55-F2
(5'-GTGGAGATTGAAGTTAGGTT-3")#1CPGhCD55-R2
(5'-CCTTATTAACACCTCRCAAC-3') #1T PCR¥ 4,
PCR J AR ZRIEUAFRA 25 pll, £3#512.5 L GC Buffer 11 |
2.0 uL ANTP, 6.25 wL ddH,0. 0.625 pL F #5147 .
0.625 wL FiE5[#). 0.5 pL TaKaRa LA Taq DNA &
fif. 2.5 wL DNA i, PCR AL : 94 °C FiiAs i
10 min; 95 °CAFM:45s, 50 ‘CIEA30s, 72 ‘CHEMf30s,
H35 DR 72 CEEM T mine 55 A5
CPGhCD55-F1 f1 CPGhCD55-R1 i#1T PCR ¥ 14, ¥ H
FEZIR 1.3 15 AT Al B /R 2 IR PCR B4
¥z, FEF CPGhCD55-F2 1 CPGhCD55-R2 47 PCR ¥~
8, REZB13TFERTAL. TATE, FHK
PCR 1 /> o 18 1d BiQ Analyzer 3% {4 #£ 17 7 51 b %F
53T o
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1.9 hCD55E[E CpG BHIZEBFiik

NTRE|—DE R ERIAR hCDS5 ZH 751,
¥ #m7 (LD78-EF1a—-hCD55-P2A-Puro) H1 hCD55
EEFFILATG FFIGH 64 bp 58I CC & B ER 2
B, DA heDSs HE A cc &8, i\
Bgl 1 #1 Hind 1 F- 37 ‘CREYIE #upi#k A& (LD78-EFla~
hCD55-P2A-Puro) 2 h, @it PAR RS 5 [499F DA
HTEARE ERRGETT PCRY78Y, PCRA IR R A 1Y
FBFZ% 137, A B AEHEEERL DNA [B Bos7]
SRS TR PCR PR EMR S, R =it — 22
Pera B & T 50 “CIEVEEEZ 30 min, T DH5«
S RAL. TRERUE AR T 37 "CREFR4E
HFEEFR 12 h, BEHERDSPEVEHITPCRIT, M
e HEL R g BB IE AR B PH I B R YR v b . B Eidt T
N =R FR/N R E I &R BUR R (R LD78-
EFla—hCD55-P2A-PuroCPGxiugai) % H . F¥IF5
CPGxiugaihCD55-F1 A 5'~-GTAAATGCGGGCCAAGAT
CTGCACACTGGTATTTCGGTTT-3" ; CPGxiugaihCD55-
R1 4 5'-CGCCGCGCGGCACGCTCGGCCGCGCGACGGTC
ATGGTGGCTCACGACACCTGAAATGGAA-3"; CPGxiu
gaihCD55-F2 i 5'~AGTGGCTCGGCCTAGTGTGCCAGC
TGCACTGCCCCTCCTAGGGGAGCTGCCCCGGCTGC-3;
CPGxiugaihCD55-R2K5 -TCTCTCCAGGAATTTTCAC
AAAGCTTTCTTCACATTTGTAAGTTATTACAGTATCCT
CT-3'. =% 1.3 717 #ni] (LD78-EFla-hCD55-
P2A-Puro) 5&#i)5 (LD78-EF1a—hCD55-P2A-Puro
CPGxiugai) BRI 73 B G2 B A= B AR FE R AT 4
i, BRI TIRES, B8 hE, IR
2.0 pg/mL FIEREZR 2 d DATRIRAIM. 2% 1.6 71
i A A R 77 15 o B Qe A ifg 1Y) hCDS5 B: R 3R 1A #E 1T
KIE,
110 RERGEEER

6 ARG RS ME (SEEEESEMER
=), BAS500pL, EAM3 mLGT 56 ‘CKiE 10 min;
FA PBS AU A MBI R RIS, W 1.6 15 AY
GTKO/hCDS5 &R WT G E-AH LA 24t FH A
AHREGH TR AL

F 50 WL KVETR & AILTE 73515 50 pl 1x10° P8
A RS EL R G S8 B R AT AR AR ST . VB 2R E
NS50%, FIEEEHEFE 2 h, MIA0.5 mL#i% PBS&IE
JRL, 200 Xg 503 min 75 L, 4381/ 50 pL FITC {8
BB A TG itk (FRkEL 12 100) #0150 wL FITC {8
BRI IgM fifl (FEREEL 1 200) =iRESLIFE

30 mino FFRANA 0.5 mLF4 PBSZ& IE M, 200 xg B
03 min 7 FiF, 50 pL PBS B, @i 4mie
UG A G FI 1M PHE RS AGAT 4EARE S &
111 #MERER AR S 18

F1 50 L [A—H#H0R B N & S S 1x10° 4> GTKO/
hCD55 BE K4 fE A WT 55 ERAT 4RI ), IME2aR
JE]50%, ZEimESEMFE 2 h, 1A 0.5 mL#ii% PBSZ
1B, 200 xg B50a3 min 75 B3E, HIAL @ 6 SRR
FAMAZIRMEE 1 h, 200 xg B30 3 min 7 B, ARG
AT 2000 FERRATEE 5 4% 25 AM (calcein AM) FlIAH
AR IE (propidium iodide, PI) ZIEHBEEHFE 15 min,
R AR SR AR A 2
112 FiHZESIR

R F SPSS 17.0 B 4 17 G it s dr . JFE
GraphPad Prism 8.0.2 B G B o BSEI0EE R x + 5
FoRo KA RHENE 2 M ERTEME, DL
P<0.05 TR ZEF B G FE o

2 £HR

2.1 GTKO/hCDS55 Rk £F 4 £ hfy 2 5l & B I

Bt 24 sgRNA, SIS GCTA1 AR 8 SN
T, FFEEIE RIK hCD55 [ PiggyBac 52 FE T Hifk (&
1A) o BEURIL B R 2 AT A, S EMRE
AT PERE RS, et 2 96 FLAk R I R R
HIRIG 48 M HANMITIRE, & PCR. TA 7af& S Sanger il
73T GGTAL B[R SRAF TG AT hCDS5 B & (1 . 45 5%
FHH, 35# FUAN i 55 B Y GGTAT BRI 7 R - 134 bp.
=26 bp/+2 bp. -3 bp AIWT, 45#HANMETIRERT GGTAT L
RIALR-140 bp, 134 bpAIWT (& 1B), [fiH.48 4
i b hCDSS BHFE A (B11C). mfadefFpgu
Sa [ 354 45# R & AR B TR A R AZAS AR AR AR RS AE

2.2 FHARZBERERBERINRERER
DL AL 5 B 35#A1 4SHIR A R VE (R ARG AR, F
ARG RSE . FEIEYR33 A, s Ptk 2
NEUEIEHE, LIRS A A N AR A, it
TR R . 5 LRARE LS
W20 L vaREATAE, 11LAE, Hd 1L, dAR
IREETEEIJI400~740 g, THERECN 1~206 d; BIME6
SLEERR, 3ARTIHER (R 1),
2.3 GTKO/hCD55 RIZERIEMIBRBETELER
DARGFE L [RIZH DNA JR#SiAR , 2517 PCR 4 956 ERG
EHMAIATE R o 383F PCR. Sanger M. SERT5E%
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A GGTA1 Gene ID: 396733

GATGCGCATGAAGACCATCGGGGAGCAC(100 bp)CCAGTCGGTGGCTCAGCTACAGGCCTGGTGGTACAAGG

sgRNA1 PAM sgRNA2 PAM
B SgRNA1 PAM SgRNA2 PAM
CATGATGCGCATGAAGACCATCGGGGAGCACATCCTGGCCCACATCCAGCA(70 bp)GGCCAGTCGGTGGCTCAGCTACAGGCCTGGTGGTACAAGGCAC WT (2B)
CATGATGCGCATGAAGACCAT (70 bp) ACAAGGCAC -134 bp (38)
35# CATGCG ATCCTGGCCCACATCCAGCA(70 bp)GGCCAGTCGGTGGCTCAGCTACAGGCCTGGTGGTACAAGGCAC -26/+2 bp(2/8)
CATGATGCGCATGAAGA---TCGGGGAGCACATCCTGGCCCACATCCAGCA(70 bp)GGCCAGTCGGTGGCTCAGCTACAGGCCTGGTGGTACAAGGCAC 3 bp “B)
CATGATGCGCATGAAGACCATCGGGGAGCACATCCTGGCCCACATCCAGCA(T0 bp)GGCCAGTCGGTGGCTCAGCTACAGGCCTGGTGGTACAAGGCAC —~ WT  (577)
45#| CATGATGCGCATGAAGACCAT: (70 bp) AAGGCAC 134 bp (17)
CATGATGCGCATGA: (70 bp) TACAAGGCAC 140 bp (1/7)
M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 PC NC
S e e s A . A————————. . C—— T a———th s At ~a 940 bp
M 23 24 25 26 27 28 20 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 PC NC
o — ———— —— . — ——— ———— —— . ~a 940 bp
M 45 46 47 48 PC NC

~« 940 bp

iE: A, GGTATEREBFR sgRNA R ITFI hCD55 HEE RIAZARIMETREE,; B, MHIESMAE 3547045407 GGTAI B H sgRNA S XA R F
B, C, 81 HEERENCDSS EERIPCRETEEIKE; PC, HMXIER; NC, AMXIER; -, SBREE; +, BEARE; M, DNADFEIR
i WT, BFER,; WT (2/8) RRTARERSITREZNFHE4FERLGFE2PMWT. 34-134bp. 24-26/+2bpF11-3 bpo

Note: A, Design of sgRNA for GGTAT gene knockout and schematic diagram of the vector for hCD55 gene overexpression; B, Genotype of
the sgRNA targeted region of GGTAT in positive single-cell clones 35# and 45#; C, PCR identification of the hCD55 gene from 48 single-cell
clones; PC, Positive controls; NC, Negative controls; —, Indicates the knockout bases; +, Indicates the bases insertion; M, DNA ladder;
WT, Wild type; WT (2/8) indicates among 8 single colonies sequencing after TA cloning, four genotypes were identified: two WT, three

-134 bp, two -26/+2 bp and one -3 bp.
El1 GTKO/hCD55 £ [l 4% 45 PR 1+ 5 £ B 52 B2 A9 75 &

Figure 1 Screening of single-cell clones positive for GTKO/hCD55 gene editing

7€ & PCR AN U4 MO 737 B B B R B A (Rl Rk
B &RER, 205 (FOLFIF02) %1090 AL
M (E12A~C) o B ARFE A hCDS5 BB IR A
H i & R/ —308 940 bp (E2D) . FOL
GGTA1 B [RIBU N EEFR 17 bp A1 WT N B S (i BRI Bk
FO2 () GGTA1 ZERIELUN B 26 bp/fdi A 2 bp FlEFR 3 bp
N AL F A (I 2E~F) . B IEE AR
hCD55 mRNA FRIAKFEEIM 2 & " F WT (P<0.01,
2G) . G HR TR FO2 IR %E GCTA L & AT
JRFRAL a-Gal FiXHI, (HRKMEZ] hCD5S5 EF A=
X (E2H),
24 GTKO/hCD55 & HmiEREFHEHEHE
£TEER

Xf AR O A 11 LA T BRI AL E . PCR
MFFEE R TR, 11 LA EE & hCD55 B, H
GGTA1 F: R AL %] 7126 bp/+2 bp #1-3 bp (& 3A~D)
R AR EE R E R, GTKO/MWCDSS 5 ] 4 8 5 1Y
GGTAL RIAGRS:, hCD55 §95R1A (K[3E) . HpEndt

FrMZE R TR, A S HL F a-Gal AT, POI
P13 B4 L5 FIA hCDS5, P12, PI4FIP17 58S
HAUKFZE hCD55 (& 3F),

2.5 HEMWKFEIThCD55 B REFRIXHIZ NG

X hCD55 BT /7515347, &I hCD55 BE[AH]
FCEABERS T NUFAFAE CpG 5 ([ 4A) . FHELRRRER
W e v N C35&C45 H 41 fif v P& VR & & . GTKO/
hCD55 FO2 A B R AT AR MAN 5 SLu P& 74E  (hCDS5
R EFRIEL PO1, P13; hCD55 B KK FRK 4 P12,
Pl4. P17) BFHZhCDS5 B EIIRGS, G550 %E
HH . C35&C45 B4 Hu 5 B VR & A B B A K SE
13.9%: FO2 ity 5 Bl 1 4 24 it 1Y) R SR A /KSR 87.5%
PO1 F1 P13 5 [ 1 & /Y9 B B 4K 7K S 43 51108 20.8% F1
13.9%, P12, P14F1P17 Fal& 5% A B AL AKSE 7y
H99.3%. 91.7%F194.4% (& 4B),

DRUEZE R, hCDSS B A Y v B B AR A AT B
7= 52 hCD55 71 fE 18 A58 H 3R IR KE FEAR AT —
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=1 FRERBENREFENTE

Table 1 Embryo transfer and production of cloned piglets

Fs FEmS FREERE/g (FEOBERKS FiERdE/d REBERS

No. Piglet ID Body weight/g Status at birth Survival time/d Recipients sow ID
1 DN-GTKO-hCD55F02P01 500 KR 3 P516
2 DN-GTKO-hCD55F02P02 400 2R 1
3 DN-GTKO-hCD55F02P03 720 LhA / P452
4 DN-GTKO-hCD55F02P04 380 TRA /

5 DN-GTKO-hCD55F02P05 620 =) 4
6 DN-GTKO-hCD55F02P06 200 RIBEEE / PS5
7 DN-GTKO-hCD55F02P07 560 ZLRA /

8 DN-GTKO-hCD55F02P08 300 VRIS /

9 DN-GTKO-hCD55F02P09 400 RT3RBA /

10 DN-GTKO-hCD55F02P10 480 SLBA / P443
1 DN-GTKO-hCD55F02P11 560 e 2

12 DN-GTKO-hCD55F02P12 580 2 3

13 DN-GTKO-hCD55F02P13 520 e 1

14 DN-GTKO-hCD55F02P14 260 FE55 2

15 DN-GTKO-hCD55F02P15 320 FLBA /

16 DN-GTKO-hCD55F02P16 620 2 2

17 DN-GTKO-hCD55F02P17 740 e 1

18 DN-GTKO-hCD55F02P18 560 K19 / P525
19 DN-GTKO-hCD55F02P19 540 e 21

20 DN-GTKO-hCD55F02P20 660 2R 206

2.6 hCD55ZEBFMARTIEKFRIELR

NT 2B 38IE hCDSS5 FE K 1 B AL 2 2R [ 355
K, B hCDSS B CG X AT 355+ A [A] SO
e (& 5A HFARZLAREE R R [A] OB 5 B AL ) . CG
HEM81% 5 69% (K 5A). %618 e mi
(& 5B I hCD55CG 81% /) FE#HfE (& 5B
FH hCD55CG 69% 327 ) #5351 4 G i i Rl 4 24 4
ffL, InZ50 i e im i R U B R EE T hCDSS & H A
e ZRER, E3RELELIH, BS1TF
i 8 A e g (K 40 B0 hCD55 B fa e E Rk, i HLAE
hCD55 (1) SEEG A 46 s 2 DU i il 28 Rk s e 1Y
#Hff hCD55 FRix G (&]5B), IXLLEE R, @it
E AL BRI hCDSS M cC & &, BATER
IR E mFRIK
2.7 GTKO/hCD55 EEmIBHE KT HMBEN R
= HE FRITh TR M

WT #1 GTKO/hCD55 5 [A] 4 8 75 09 B AT 4E 4 s 5
BANMEMS G, #17 1gG M IgM PUALS &K F5r
M AR AMA AR 0 B A 22 1 o i o S5 SR R, A
oG s aRELHEZR (E6A. C), HGTKO/
hCD55 B[R i 1 Bk AT 440 i 55 1M &5 SRR BT
WT (B 6A. C, P<0.01), FEAMARMRIE A0 i 25

SEAGH,  GTKO/CDSS B[R 4t 8 58 Bl AT 4 20 it 1 Al
% (68.7%) =t WTHRIAIER (29.8%) (El6B, P<
0.01), DA FZ55RIER, GTKO/MCDS5 5 K 4 8 5 18
ER M EBEMAN, TRSEREMIURDT
g & DA R AMA 2 0TS S 3080 S 5 HE R ROBL

3 iFie

SRS B RS T A R T SR B R
TR EL S, T & BERRE Fik AR EE A A0 {4
R EMBEIRKAEE R CEE., AR
CRISPR/Cas9 2% PiggyBac #5 T R B 45 SR 7T
BERAR, IR GTKO/MCDSS5 5t K 4 i (B e /N B
&, BREE T SRR R ARIRPUARFIAMAE R G
TEXEREYI R, R E R B R SR At
T —FiA] RO R

MHIEATTE THAERE (GTKO) 225
RIS R g it s, HAR A RGE 13 B R g iAo
BRI EH AR, AT Efa e,
XEMAEE AR T REFIEAEARKS, B2
BN FF R BN, R H 3KO/TTG B K s
BRI S A rI e B R AR N KBTS (758 d),
¥ 10 F: R Gt OB RS A 2 I IR PE T A2 IR iR
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M F01 FO2 & ¢ M F01 FO2 AO AA OO
- — -— . -« 1583 bp
e e -— - d g50) bp

© e w447 bp T,
_— ~ 163 bp

D M FO01F02PC NC E M F01F02 WT NC
— — — -
- 940 bp = S e | | 4627 bp
SgRNA1 PAM SgRNA2 PAM
F01| CATGATGCGCATGAAGACCATCGGGGAGCACATCCTGGCCCACATCCAGCA(70 bp)GGCCAGTCGGTGGCTCAGCTACAGGCCTGGTGGTACAAGGCAC WT 38)
CATGATGCGCATGAAG--CATCGGGGAGCACATCCTGGCCCACATCCAGCA(70 bp)GGCCAGTCGGTGGCTCAGCTACAGGC—=========—===— AC -17 bp (58)
F02| CATGCG=-- —-——— ATCCTGGCCCACATCCAGCA(70 bp)GGCCAGTCGGTGGCTCAGCTACAGGCCTGGTGGTACAAGGCAC -26/+2 bp @)
CATGATGCGCATGAAGA---TCGGGGAGCACATCCTGGCCCACATCCAGCA(70 bp)GGCCAGTCGGTGGCTCAGCTACAGGCCTGGTGGTACAAGGCAC -3 bp @)
G hCD55 H a-Gal hCD55
_ t 4 WT Blank
% 20 CIWT
5 600 600 = FO02 Blank
S CIF02
215 € €
e =3 >
% 8 400 = 8 400
3 = =
[ [
§ 10 () O
DE: 200 = 200
s 5
2
k]
[0)
x 0 O ey 0 R ooy rr o
WT Fo1 FO2 10! 10° 10° 1u7‘ 10 102 10° 10* 105k
hCD55 FITC-A (Isolectin B4) PE-A (hCD55)

F A, 20 BREE 33 dMTEIERSE; B, BB OMHALRNMILEPCRER,; C, BIBOUMALRNWNAEERNPCREEER; D, BEOHARN
hCD55 EEMIPCREE; E, B OMELRR GGTAIEE sgRNABEXIFAIPCREAR; F, B OIEALRA GGTAI EF sgRNA $EX i IR A
B, G, FO1#0FO2 Ba¥E /O BEZE LR hCD55 B9 mRNA RIAKF; H, FO2 Ba¥E pk 4T 4B o-Gal 1 hCD55 RIAM ML AR AR D ITER. M,
DNAZFEtnmE; WT, EF4£8,; PC, [HMXIER; NC, BHXIEE; 4, M, @ MM, A0, AOEIM; AA, AAEIM; OO, OOEIM;
Blank, RIIFARIXIER; FO2, BRIL&mS; “P<0.01.

Note: A, Two cloned fetal pigs at 33 days of gestation; B, PCR results of sex identification of fetal pig heart tissue; C, PCR results of blood
group gene identification of fetal pig heart tissue; D, PCR identification of hCD55 gene in fetal pig heart tissue; E, PCR results of the target
region of GGTAT gene sgRNA in fetal pig heart tissue; F, Genotype results of the target region of GGTAT gene sgRNA in fetal pig heart
tissue; G, hCD55 mRNA expression levels in fetal pig FO1 and FO2 heart tissues; H, Flow cytometric analysis results of a-Gal and hCD55
expression in fetal porcine FO2 fibroblasts. M, DNA ladder; WT, Wild type; PC, Positive controls; NC, Negative controls; &, Male; ¢,
Female; AO, AO blood type; AA, AA blood type; OO, OO blood type; Blank, Control without antibody; FO2, Fetal number; *P < 0.01.
B2 GTKO/hCD55 & F Rig5e BRI ELE

Figure 2 ldentification of GTKO/hCD55 gene-edited cloned fetal pigs

N, CHERSAE S ) 66 h D RE Wl A F BE i 52 28 A0 2 R TR 1 B4 35 [ T GGTAT sgRNA S X Ik 4 30 7 3~4
BEo XLERFFREIUE L B K g AR A IR AR FREREEL, XSG F A va FEARM RN AN AR 7R 2 A
P 20835) SO TEEN TR A H R R S REBUERTT, X IR BT RS R R R AR
W2 RN RmELAE, AlsSrMBEERREFRR  FEAGRREARERE, XS5RMZATHFRESHR—
RL, XABHEEEENTFEMAEEEER . AR 82, NI, Al RS — B SR IR
RRAH B8 T A SCIT % B9 GTKO/MCDSS 5 K 4 i (R % IRYNA a R, O ik HY R 356 (R i ok EL N DR L TR
WA T H A 127 2 B R g B A0, R E R FIEHI I
T4 BNl Bl A A PR35 9 10 J55 [R] G i AL RUE GTKO/hCDS5 £ [K] 4 B iR 41 23 vf hCD55 5
1P HAl, FRATEEX X LR R g A 1T 2 PRIF mRNA FRIXACE 3 =T WT, 2Am, iR
GLLEATT P, BIEME A BIES SR OISR SRR, MR R4 R AR IIE] heD5S B Y
M ERENERRMEAS, NELEIRRNAR  FRik, I, 24 GTKOMCDSS B[k 4 b g kS
LA I HEAT S U e e, A5 B R BLER 4 At i R
FEZRIF 5T GTKO/MCDSS (AKFE T &L FE e, Pkidk hCD55 §5FRIXIEN . N TIERRX —BI4, AT
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A B M P01 P02 PO5 P11 P12 P13 P14 P16 P17 P19 P20 WT
‘ T e —— ———— ——— o ~€ 940 bp
.4",' C M P01 P02 PO5 P11 P12 P13 P14 P16 P17 P19 P20 WT

N 2N
D sgRNA1 PAM sgRNA2 PAM
CATGATGCGCATGAAGACCATCG(ﬁ}AGCACATCCTGGCCCACATCCAGCA(?O bp)GGCCAGTCGGTGGCTCAGCTACAGGCCTGGTGGTACA/\?GCAC

WT
CATGCG===mmm e m e CATCCTGGCCCACATCCAGCA(70 bp)GGCCAGTCGGTGGCTCAGCTACAGGCCTGGTGGTACAAGGCAC -261+2 bp
CATGATGCGCATGAAGA---TCGGGGAGCACATCCTGGCCCACATCCAGCA(70 bp)GGCCAGTCGGTGGCTCAGCTACAGGCCTGGTGGTACAAGGCAC 3 bp
A a-Gal . hCD55
800 =
w00 —IWT
600 =
CIGTKO/hCDS55

— -
S S| 400
[) 400 = [e)
o o
o) o]
(@] (6]

200 = 200 =

° L B B B B A | 0 R T R L

10 10t 10° 10° 107 10 10° o 10* 10° 107
» »
FITCA (Isolectin B4) PE-A (hCD55)
F a-Gal hCD55

a-Gal/hCD55/DAPI

|

F: A, GTKO/hCDS5 ERRIBREFEMER; B, 1MLREFIENCDSS EFMPCRETEER; C, 173 GGTAI E R sgRNA $EX 1349 PCR

SR, D, {F¥EP20 GGTATEE sgRNABXIGRIE R R, E, (73 P20 pF M+ o-Gal F1hCDSS RIARRK AR AOTER; F, FREESMH

ARPBBAREER, mRA50um. M, DNADFErRE; WT, LD,
Note: A, Photo of cloned piglets with GTKO/hCD55 gene editing; B, PCR identification results of hCD55 gene in 11 piglets; C, PCR results
of the sgRNA target region of the piglet GGTA1 gene; D, GGTA1 genotype of the sgRNA target region in piglet P20; E, Flow cytometry

analysis results of a-Gal and hCD55 expression in P20 piglet-derived fibroblasts; F, Immunofluorescence results of piglet kidney tissues,
the scale bar indicates 50 wm. M, DNA ladder; WT, wild type.

3 GTKO/hCD55 2R mIE(FHERLEE
Figure 3 Identification of GTKO/hCD55 gene-edited cloned piglets
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Yol P90 9 9 99 9 7

ATGIACCGTCGCGCGGCCGAGCGTGCCCGCGGLCGLCTGCCCCTCCTCG
TACTGGCAGCGCGCCGGC TCGCACGGGCGC CGC GAC GGG GAGGAGC

B C358C45
2 34586 739101112131415161713
5000000000000800®

OOOOO...OOOOOOOO.S
O®000000OO0OO0O0OOOO02
O00000000Oe00000O e
O0000000OeO00O00000 @2
O0000000O0OO0O0O0OOOO @1
O0000000O0OO0O0OO0OOO e
O0O00000O0O0OOOOOOOOOO
13.9%(20/144)
PO1

2 34567 89101112131415161718
000000000000 eee0s

0000008000000 ee7
00000800000 e00
0000000000000 0eeH
0000000800000 00ees
0000000080000 000e:2
0000000000000000e1
0000000000000 00000
20.8%(30/144)

[oNcNeNoNONON N I

O0OO0OOCeCee-

2 34567 89101112131415161718

0000000000000 0000 c
0000000000000 0000 c
00000000000000000:5
000000000000000005
0000000000000 0000 5
0000000000000 0000 5
00000000000000000 5
0000000000000 00 00"

99.3%(143/144)

iE: A, hCDS5EHE EHICpG B2 E; B, C35&C4A5 BMERIZERS
BIEALRPAIhCOSS HEEREMWKFE, TORBEBFRRFENSR,

coecee
87.5%(126/144)

2 34567 8 9101112131415161718

0000000000000 000 015
0000000 LOLeOOOO0O0O0e?2
O00000O0OOOOOOOOO e
O000000O0OOOOOOOOO e
O000000OOOOOOOO0OO e
O0000OOOOOOOOOOOOO
O0000OOOOOOOOOOOOOO
O0000OOOOOOOOOOOOO0

13.9%(20/144)

O000000C e~

345678 91011121314151617 18
0000000000000 000
0000000000000000:3
0000000000000 0007
0000000000000 00 (17
0000000000000 000i5
000000000 000O0O0COOOS
000000C000OOBOO OO
000000000 000000 05
91.7%(132/144)

00000000
LN NN N NN S

K. SEIZIR%E FO2 s AT 4R . Sef2(F3E (POT.
TORBRRTREMLR

P17

2 34567 8 9101112131415161718

0000000000000 0000 3
00000000000000000:5
00000000000000000:5
00000000000 C00C0OCKOO
0000000000000000017
000000000000000005
0000000000000 00005
000000000000 CCO0OOOS

94.4%(136/144)

00000000

P13. P12. P14, P17)

Note: A, Schematic representation of CpG island in the hCD55 gene; B, Methylation levels of hCD55 gene in mixed single-cell clones of
C35&C45, cloned fetal pig FO2 fibroblasts and cloned piglets (P01, P13, P12, P14, P17) kidney tissues. Solid black circles indicate
methylation sites, and hollow circles indicate unmethylated sites.

B4 RARRERSH. 8 STEFEF hCDSS REREMKFE

Figure 4 Methylation levels of hCD55 gene in mixed single-cell clones, fetal pigs, and cloned piglets

A
ATGACCGTCGCGCGGCCGAGCGTGCCCGCGGCGCTGCCCCTCCTCGGGGAGCTGCCCCGGCTGC (HH14HT CG 81%)
ATGACCGTCGCGCGGCCGAGCGTGCCCGCGGCGCTGCCCCTCCTCGGGGAGCTGCCCCGGCTGE
(BHUE CG 69%)
ATGACAGTGGCTCGGCCTAGTGTGCCAGCTGCACTGCCCCTCCTAGGGGAGCTGCCCCGGCTGC
q ‘\'\
NAAAR
X [q lﬁ 'ﬁllﬂ\!“hlﬂlll“‘ \
B
4 Blank hCD55(1) hCD55(2) hCD55(3)
. o
o CIwt
Elw ] [—1hCD55CG 81%
8
= hCD55CG 69%
O 100 200 200 =
PE-A (hCD55)

E: A, BIBFMRAEIEhCD55 B E CpG B XI5 A9 Sanger MFLER; B, iLEIF (5 5IHhCD55CG 81% #1hCD55CG 69% F£ ) #Hifk5 5l
BB, RIUAEARENhCDSS EMBHRIFRIAKE (3RBELWER). Blank, RINFLAIIXTER,; WT, BFFEE,

Note: A, Sanger sequencing results of CpG island region in hCD55 gene before and after codon optimization; B, Porcine fibroblasts were
transfected with the codon unoptimized and codon optimized vectors (represents by hCD55CG 81% and hCD55CG 69% respectively), and
the expression level of hCD55 in the cells was detected by flow cytometry (triplicate experimental results). Blank, control without
antibody; WT, wild type.

5 CpG BXIHZ=3F IR EIE R H MM AIhCD55 FRik K I

Figure 5 Expression levels of hCD55 in fibroblasts before and after optimization of CpG island region codon
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N 1gG . IgM
WT Blank
200 = —WT
GTKO/hCD55 Blank
150 = 1 GTKO/hCD55
150 =
g
-
Q 100 = =
3 8 100 =
8 o
©
0 T T T T 0 T T
10% 10° 10 10° 10°
B FITC-A (IgG) " FITC-A (IgM) "
A WT-Blank WT GTKO/hCD55-Blank GTKO/hCD55
105 9 |05 | 105 -
z
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E: A BREAMBHEBEMTEMBBE, NgGHIgMAGSERALEMBNESEESH,; B, BEEAMBHEEERTEMRSE, MY
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Note: A, Binding extent analysis of human IgG and IgM antibodies to porcine fibroblasts after incubation with mixed human serum; B,
Porcine cell death analysis induced by complement after incubation of porcine fibroblasts with mixed human serum; C, The statistical
analysis results of figures A and B.WT, wild-type; GTKO/hCD55, experimental group; Blank, control without antibody; MFI, mean fluorescence
intensity; CDC, complement-dependent cytotoxicity; *P < 0.01; "*P>0.05.
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Figure 6 Evaluation of anti-immune rejection efficacy of GTKO/hCD55 gene-edited pigs
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reviewed and approved by Life Science Ethics Committee
of Yunnan Agricultural University (Approval Number:
202204020), all experimental procedures were performed in
accordance with the requirements of laws and regulations
in China related to experimental animals. The collection
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in China.
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