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JL[H (Gene 1D 396801) BTt sgRNABEAL A, R TH A, @ s g i LR ET 4 i, 4 G418
AR A TR, 1T PCR 3R T SR SE Ry, 2790 oA TSR R e B ke . S5 3R B, ik
CRISPR/Cas9 #%t GN20GG 74|, 7 LDLR EEFEE—4hBF Fiit 145 sgRNA, MF45 5 B R L7 4 O EiE
e, BEG . TSRS 30 - ANME TR, 23 N, HAR 7 M TERE Sy LDLR BRI mbR A0 ek,
HURACREA 30.4%.
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Generation of LDLR-knockout pig cells using by CRISPR/Cas9 technology

HAN Diangang>?, HU Juan®, DONG Jun?, ZHOU Sijia®, CHEN Chaolin®, ZHANG Jiaxiang®, XIN Jige®"

(1.College of Animal Science and Technology, Yunnan Agricultural University, Kunming, Yunnan 650201, China;
2.Technology Center of Kunming Customs, Kunming, Yunnan 650200, China; 3.College of Veterinary Medicine, Yunnan
Agricultural University, Kunming, Yunnan 650201, China)

Abstract: The objective of this study was to disrupt the low density lipoprotein receptor gene(LDLR) of pig cells using
the CRISPR/Cas9 system. Specific guide RNA(sgRNA) sequences were designed based on the LDLR sequence from the
NCBI database(Gene ID 396801). A CRISPR/Cas9 target vector was constructed and porcine embryonic fibroblasts
colonies were generated through electrotransfection and G418 screening. Genotype identification was performed on the
cell colonies. PCR products were cloned into a T vector and subjected to sequence alignment. The efficiency of gene
knockout was analyzed statistically. The sgRNA was designed to target the first exon of the LDLR following the
GN20GG rule. DNA sequence assays confirmed the correct construction of the target vector, which was subsequently
introduced into porcine fetal fibroblasts using electroporation. In total, 30 monoclonal cells were isolated, with successful
sequencing of 23 colonies. Among these, seven cell colonies exhibited gene modifications, resulting in a fragment
knockout efficiency of 30.4%.

Keywords: pig; LDLR gene; gene knockout; CRISPR/Cas9 system
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JIZAE T IR S S At , e, B R
PRETAELN M . -1 LA B R i A P Rz A A
LDLR ATLLY ApoE 454G, dEmif kR Im 4 A RgEE
Wiki; H4h, LDLR nl i S51% g & 1 (LDL)
WKL I BB 11 B(ApoB) M TLAE T, ¥ Ik 1 i
LDLBI, Al WL, LDLR 75T R I 6 o i JE [ s
FH M =R & A 0 e 8 ROk, 4y g R R
M€ Wt 28 3h P2 BTN i)z 1 s s
B, LDLR SRR r/NR . KREB 12 1E 3
koA RE AL R R Bl 4, T 5 AR R R
o, . RE LR A O 5N R
KRS, FAREE 2 F0G PRET R EE AR WG 15 25 30
YIRERY , SRR A5 4 . AR B BB ke AR L
PREETJ 5 NG R AR Z AL, ol & BAR
SYBIE HEE S YBIRTE O IS AH DA 5T
AR 2E UL A B . CRISPR/Cas9 i [K 4’
SE RN E RGN 3 T H, HAHRER
B ORBRECE R . SR BAMREIL R, AR
SR G T — N R AR SR, AR5
Wi, FIF CRISPR/Cas9 RLiMHE LDLR JENFT
R, B TS A HR I
LDLR JL AR BRAnMARY ,  DL A A K ST 7 3k
DK ) e RIS S B LR i o sl B b 4

1 WA X
1.1 EFEKFH

Cas9 J&i %7 (41815) . sgRNA Jii 4 (41819) M4
Addgene; 519 H BT A YR A BRA T 5
FRPE N DI . &S B Fermentas; &R JL
BT 4 AN R 2 B AR L K22 sl W) I 24 B S 50 % U
7 ; DMEM/F12 . PBS . A 4 Il & ¥ W B
Thermo; PCR {UlH ABI; XUk FLyk{Ue Bt
FN—INERT T AN H Bio-Rad; #ERCH,
2R % E Genentech; 15354800 H Thermo;
HIAEG M B NEE L&A BR A A
1.2 7%
1.2.1  LDLR R 5 5)i% 4+

4 CRISPR/Cas9 %45 GN20GG ik,
# 4 GenBank H' LDLR %415 E (Gene ID H
396801), FEAEITHLUAEERS T ATG I B BEREFTHEF
H), Bit—2% sgRNA 75, ST, 7E1E X

BE SURENHN CACC 43k (Oligol), T LAk 5'%
#shn AAAC #3k(Oligo2), TR UA i+ .

1.2.2 sgRNA Ak

2 5 sgRNA HE AT 1B K R o S 7 AR & A 4
Oligol 10 uL. Oligo2 10 uL. NEB Buffer3 5 pL.
ddH20 25 pL. BHECHIGFAR RIS . Bie, &F
KIS min, ARBRHEZEEB~4h). H
Solution ¥R k=¥ 5 4 BbsI B 1] sgRNA 5Tk 14
%, SN AR R Ry Pk 1k sgRNA BT %2 0.5 pL |
Solution 1 5.0 pL. iR :kj™¥)4.5 pL; 16 °Ci%4£30
min, FF¥EE YL A KRG EToplo, Ik
T RIBER MW LBRE A4 [, 37 °Cil ks
Fr, PREUERTORE . BERE, JFak BT AR YR
ABRA RN, %8875 ERE A
1.2.3 fmiast3 5% 71kt

ZHSCHR B ik, Seilf AT M6 iR JLLEF 4 2
M ARESE, LA 80%AT T4y . B
AERRERIFH4H 1107 4>, f PBS it 2
W, EETE 600 pL PBS H, B HEE AREEM
HAJFRL Cas9. sgRNA %% 50 ug JH-MATIRS],
HLFE PRI LA A TR Y, SR L2 50h 230
V. 500 puF. HFGERKAMsrE] 15 A EAEN 10
cm BYREFRMLP SR BRRHI, ki G418(Ji
RN 800 pg/mL)AYEEFRIELRT TR R 2 d 900,
e 8~10 d J5 MR FEREA PRI T A, %
H| 48 FLIRIEFE, 48 FLAR g 1L F
24 LR
1.2.4 RSkt s % x

NP40 2RI SE 56 °CZL# 1.5 h, i 95 °CHY
fi#% 10 min, ¥4 LDLR #%51 HB, 51490 LDLR-F
(5-ATGAAGTCCACGGGCTGGGT-3)#1 LDLR-R
(5'-GTCCTGGCAGCGGAACTCA-3), PCR 41
H: 95 °CHIZEE 5 min; 94 °C7AE1E 30 s, 60 °CiE
k 30's, 72 °C#Ef#1 30 s, 35 MEH., B3 pL PCR
PP 1%BERENIEE RS L KA 34T, PCR 774
PLIE ] 5 473 B B AT AR A= Rt 458 BN w0 .
W45 5432 ] Vector NTI 11.5 555 Hxf, SR
pMD19-T Vector Cloning Kit 2 TA Jafk . 4%, %
b, RS FE S M13 WY, P25
JRFFHI XS, % B R O
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2 ZERESH
2.1 LDLR EFEFINEIHER

Wit H sgRNA J¥41 k) GCTGCAGTGGAAG
AGAAATG, PAM i TGG, FH-&m#F51 Oligol
(5'-CACCqgctgcagtggaagagaaatg—3')Fl Oligo2(5'-AA

2.2 sgRNA H{kHELER

¥4 2 % sgRNA Oligo iR k., JE U f5 1442
Bbs 1 FiFYI) sgRNA JFokr |, HEAb A KIiRAE ,
FJEPRBCR SR B TE Iy, 5 RWE 1 PR, R
FP O A

AcCcatttctcttccactgcage-3').

170 180 190 200 210 220
AR LSRN RN NN RN RN EIE RN LSRR R AR RN RN AN
' R C R AKRKKEANCCAYT T - T . T T € CAC GCAGCECGGTGT 1 FCCPTCCITYTTCCACKA

l l

1 sgRNA HEMFLEER
Fig.1 Sequencing results of sgRNA vector

2.3 YRS RREFESER

B Cas9 JFiki. sgRNA Fkifk Yeig s LT
HEANM, WSS BN B R Gy, S TR ) AT 4
MRS, i 8~10d, TR TTREAIL(E 2).

24 EEBBRARRELEESR

Zeitie . WigRa s 30 AN vepE, 3
RRBEI LKA IR 45 R A 3 Frs, (e B
Fr BRI B — W] 500 . PSSR BN, 23
AN S, RS X AR B 7 A
FUREAERLAL R A TRAS, WRACR A 30.4%.
E HHLALSF IS TR 1o Fral A ik
K. A

[E 2 155 3 d(a)FA 8 d(b)Hy¥&AR ) LAR LT 4 A 52 P2

Fig.2 Porcine embryonic fibroblasts colonies cultured for 3 d(a) and 8 d(b)

2000 bp

1000 bp—»
750 bp—|
500 bp—»|
250 bp—»|
100 by

B3 ERERFRIERR) LALLM IER PCR EEBIKER

Fig.3 The PCR electrophoretogram results of LDLR-knockout porcine embryonic fibroblasts colonies

*1 EERRRIER) LT EE RN FER

Table 1 The result of gene sequencing for LDLR-knockout porcine embryonic fibroblasts colonies

TLRES 5 LR AR

WT CGGTGGCAGCTGCAGTGGAAGAGAAATGTGGGAGAAACG

#T2 CGGTGGCAGCTGCAGTGGAA--—--AATGTGGGAGAAACG AN4IN4

#T5 CGGTGGCAGCTGCAGTGGAAGAGAAATGTGGGAGAAACG WT/A4
CGGTGGCAGCTGCAGTGGAA----AATGTGGGAGAAACG

#T6 CGGTGGCAGCTGCA-————————— AATGTGGGAGAAACG A10/A10

#T8 CGGTGGCAGCTGCAGTGGAAGAG-AATGTGGGAGAAACG ALN5
CGGTGGCAGCTGCAGTGGA-———- AATGTGGGAGAAACG

#T15 CGGTGGCAGCTGCAGTGGAAGAG-tAATGTGGGAGAAACG Al+1

#7120 CGGTGGC————mmm e — GTGGGAGAAACG A20/A5
CGGTGGCAGCTGCAGTGGA-———- AATGTGGGAGAAACG

#T23 CGGTGGCAGCTGCAGTGGAAGAGAAATGTGGGAGAAACG WT/AB
CGGTGGCAGCTGCAGTGG—————~ AATGTGGGAGAAACG

WT 7R EFAE RIS o £LEHEEN sgRNAFEA P81 T AL PAM S5 S LG0T S “A7RIIEBI s <+ 7RIEERA o
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3 HL5ie

7£ CRISPR/Cas9 #4tH', sgRNA 5|T: Cas9 #%
T T A 35 R (%) A7 55T T8 0L B2 BBE I DD 1T
MG 4B A DNA B HLE, AR IERIE SR
) A it e $e 46 52 FORE 1 11 [R) D S AL ML, i TR
T6 5 41 1) R i A8 52 v 2 kAR BRI P B A A
a0, RS, 7E LDLR JEREE—SM 27
I 1 4% sgRNA, HsEmibRiTEk A&, 40iui%
e | GRS ERE, SE T 7 NN ERELE
FEDRARAE A5 A AR A BB, R sgRNA 4
#57 LDLR K, FIF CRISPR/ Cas9 RLAELA
Yieh b iEA T SR BRI 2 A H0E, nApEALR T
AR MSTN BB B iy, A% Mindin JEA
B /N BB @ B HEK293FT 4f il & 1Y
CYP2EL JEH1S, g brfg e LT 4Edn i = 19 APN
FEROAGE | ARBFFRAE R X SR 2SR

AT, MR N 30.4%, XSk R4
i) CRISPR/Cas9 F#4i/1 T K i L6 4/l Inhba LA
Y 4B DE ST O R BR AR AL . AR IR SR D8
CRISPR/Cas9 $ A EL T/ NRRE FO JE D R4
JL R RO SE: 45.5%; ARICTTAFERFI A CRISPR/
Cas9 RGHIE pAPN L [H Sk 78 [0 i - Bz 4 i
AMRCE R 155%; XN E ST CRISPR/
Cas9 RSl £ 5 Pax2 K i b 40 I R 30 N
45.21%. FIOL, ERRRCEA FRE— LR .
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