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Abstract: The purpose of this study was to establish an efficient pig cell gene editing technology
system and lay a foundation for the application of PE system in pig genetics and breeding. Multiple
candidate sites were selected from the coding region of VIM gene, and sgRNA was designed strictly
according to the target site design principle of CRISPR/Cas9 system. The candidate sgRNAs were
scored by bioinformatics tools, and the two sgRNA sequences with the highest scores were screened

out. Based on the above two sgRNAs, the corresponding pegRNAs were further designed. The cells
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were treated with drugs hydroxyurea and nocodazole to stay in the G1/S or G2/M phase, and the
nCas9-RT fusion protein editor vector and pegRNA expression vector were electro-transfected into
the cells. After 48 h, the genomic DNA of the mixed cells was extracted, the target sites were
amplified by PCR, and the next-generation sequencing was performed. CRISPResso2 was used to
analyze the editing results. The results showed that the editing efficiency of PE2 system in PK15 cells
was between 0. 16% and 14.03%. The editing efficiency in IPEC-J2 cells was between 0. 08% and
0.58%. The editing efficiency of PEmax system in PK15 cells was between 0.63% and 23.25%.
However, the editing efficiency of PE4 and PE4max systems in PK15 cells was poor, with the
highest editing efficiency of 0. 7% and 0. 36% , respectively. Regulating the cell cycle could improve
the editing efficiency of the PE2 system for the editing types of single base substitution and single base
deletion of porcine VIM gene. The editing efficiency of the former had increased by 1.4 times, and
the editing efficiency of the latter had increased by 2. 6 times. According to the results, PE technology
can perform a variety of different types of precise editing of pig VIM gene and improve its editing

efficiency through cell cycle regulation. It provides a technical reference for the next step to combine

somatic cell cloning technology to prepare pig populations with improved production performance.
Keywords: pigs; CRISPR/Cas9 technology; PE technology; VIM gene
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AT HA w0 SR RIE R R ZR5HE
g 0 JF 45 & DNA 8 AT 2 & A7 PAM (5 (8] B% 77
B 405 ST 3 ) B 23 B3 A0 DL Ak i i Bk R
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2019 4% , 51 F 4% 4 (prime editing, PE) $ A& [1]
xR G 33 5 48 : pegRNA (prime editing
guide RNA) (¥ #% S [iff (reverse transcriptase, RT) |
nCas9 2 4 (H840A ) "™, 12 Z G Il FH 336 7% 3% 5 I i
AN JE DNA &S HLH Ok 52 o H P50 s . A
[f] T CRISPR/Cas9 $7 A [ BUEE VI H , 7F pegRNA
519 45 4 H 107 45, nCas9 % DNA #E 17 855 1)
E |, 2205 w0 S DL RT 3 91 AR S DNA 3 81 iF
TS, T SE80 T 3 i i B . PE &%
AT N DNA BUEE #4790 8], BEAR 7 % DNA 1 4%
i, A H nCas9 BT 52 i 4 A Bl 2 55 22 Fh 28 A0 1) 3
P g 4, OF R KBEAR T B B L 0y =4 A
PE % 4t n] {t: LA % , PE £ 4 A Wr 8l i 1k & 357 .
Anzalone 22V % T M-MLV RTase [ 14 ff 25 2%
1A, 38 2 % 30 %5 Sk T A D200N/L603W 25 i o k47
RA M ET PE2 RS . 5 PELM L, PE2 % 44
WFRE P FRTE, Hindels R R, £ PE2 /Y
At b, Anzalone 25V OB AN G T — S AE H TR
i B BE 1) sgRNA (nicking sgRNA ) , F] FH [H] J5 P 4%
fic 48 52 ML i Ok £ B4 g 4 5 0 DNA SPGB 4 55 4%
Mk — 38 T PE RE R S A0CR . 2021 4F
Chen %5/ JF % i PEA I PES 5] S 4058 2248, /3 % 4
PE2 il PE3 & 4t (9 AL Wi, A X T J5 P&, PE4 FI
PESZRG SMERE - TERITHWERA
MLH1dn, % % (1 4 T DNA 48 i & 2 (MMR) 4 —
SEAN AR o 1Z 058 1A BA AR 38 5 X PE2 REGEAY RT
K Cas9 1T RGBS 1 ik, &7 T 31
16 W FL 30 Wy 40 M b i R Gk AR . BESE N DR
SpCas9 & 152 il T R221K K& N394K i s A% , If:
e C Rl & T & S 2 015 5 (nuclear
localization signals, NLS) i % £z Ik )5 51 , i 16 5% 2
JF % PEMax R4 FE LAl 1, A B — 25 %f
PEA RG I REB TR TR, RARETHEAE
9 B AR A PE4max 28 /K1 2023 4F , Doman
SEITE e H g TR A Bl B 1Y 3% SR E K 2 R (PACE)
DLl LRl 25 4 B (R TR RIF & L T PE6 &
i ({f a-g6 FPEARIK) . ZRGMAG RT MZ5H 5
B NAURTE T 51 S 9 RGN SR AR Al
HEREGEMMP 6. 20244 Yan 25 & Bl —
v 28 L 5, /N RNA 85 & 50 U0 4% B8 Bl £ 97 15+
(La). ZH BABFSE & B, La B 5 pegRNAS3 Ui 4
AR A2 TF PE R S8 4 A%, IF DLTF &
PE7 #4t. Schene %5/ fiff 57 3 B , 5 YL 20 i ) 41 it J)

WXt PE RGN BB ACRA — &R0, Li "6 PE &
g8 20 1 LA W5 A% & BB 2 3% (ribonucleoprotein,
RNP), SE3 T @ R0% 0 4 i L 348 PE R 14k
REE TR AR, ZEARBTWCKRIIH T 24
G A LB R 42 5 A T 4 A IS TR ) R A
A4 B Y AT R R A LB R DA SR B
FABR S, 5 S REBHARER 4 EHERAEK
B RBF S A AT A BR . X S5e T
b 5 R 5| 5 45 #8588 (enhanced prime editor, ePE) , #£
45 2 IR L ZT 2 20 i v B 2 S TR U 1 A 28 AR
G, N R AR TR Bl a8 A 6 T 4R 1 1 P 4 4t
TE SRR .

BRI R EE R BRI Z — R i
(0 EAC B AL AR T4 3R O Ry R 2
BB T AV AR 4R R T Ml AR AR R RN 48 T AL AR
FERELE, NGB BEARE A EFEAR, AL
WAL G B . CD163 & PRRSV #E AR H
W 40 M B % T 2 4K, 5 PRRS Jg& e %5 U) A 6 .
2014 4F , Whitworth %/ F] F§ CRISPR/Cas9 # A &
B T3 CD163 3L K, CD163 & 4 4% % 4% 5 B9 1 Tt
Z R TE AR F I AT AT B SRR . LR A K
#0441 Z (myostatin, MSTN) , lf MSTN & [H 8 %
ik WFSE AR AR AR 0 10 AL PR A 3 g X
WU A K B A i T e . 2015 4F , Wang 261
FIFH CRISPR/Cas9 £ A [R] FF % 55 iy JL i 21 4 41 Jifd
PEAT G 6 L AR AT w bR MISTN 3 R B 5 iR L 45 4 41
L, ) D A 00 A R A AR L D 3R A% T MISTN 3
PR R B 4 2 T BABIF 9% & B, MIS TN 5 A it B A 4
AR R B ES T 15%. RS RAKNK
F 2(insulin-like growth factor-2,IGF2) X LA & &
HA T ZIHER, IGF2 /Y 2 3k i 38 i Ge 98 42 75 I
WA K & FPY . 2018 4F , Xiang %5258 iF CRISPR/
Cas9 £ AR X% H A s HE AT R A4S 3R A5 T IGF2 %
K g AR g, 55 W5 A OB AE LL, AR 7= e e S R
SR, PE 9 RS FE M8 T 0 1 oy v HH i A i 1o
U A BIF 5 400 R FH 515 4 8 B R 7E 40 i K O X A
VIM P AT 58 S 0, R G 0P Al g 0% .
i F AT R 8, & 4897 4 PE2. PEmax ., PE4,
PE4max 55 4 B 2 40, LA 0 el & 0 4 i & 09 51
Sgn ARG . I M AT 25 ) Ak BN A0 45 R TE )
ZLMEH (G1/S 1) 54 2445 (M), DA 5% 3 40 L
JE AN PE Z 45 4 45 2005 (0 5% i, DA 76 % 40 i &R
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1 #R57EZE
1.1 @5 HE

PK15 40 4 25 A B0 38 22 7 s IPEC-J2 4
JfL 0 3K E T M B A W B A R 2 W pCMV -
PE2( Addgene£132775) fl pGL3-U6-sgRNA-PGK-
puromycin ( Addgene#51133) , pCMV-PEmax ( Addgene#
174820) , PE2-P2A-MLH1dn (PE4, Addgene#174827) ,
pCMV-PEmax-P2A-hMLH1dn (PE4max, Addgene#
174828) ¥y H Addgene.
1.2 FELHA

ML/ 240 1L /240 20 DNA $2 B0l 77 & (D3018-03)
W H R a T AR YRR BR A R 5 T N RE ER JBRL /D
R BURAF & (19021ES70) g [ 28 AW RHE (1
W) B0y A BR A Al ; FastPure Gel DNA Extraction
Mini Kit & B F] £ (DC301-01) Al s E il 2}
Phanta Flash Master Mix(Dye Plus) (P520-02) 34 i4)

*1 B EPCRYESIMFTI

Tablel Target site PCR amplification primer sequences

R 5L ME R AR RO BR A | s EQU-488 4 i 3
B ARSI AR £ (C0078S) g A Hilg 38 = RAEWH AR
JBe oy A5 BR 23 ) o

1.3 RWHE

1.3.1 5lYits & XiF 2 BUAY 41 B DNA
I & P B B 2X Phanta Flash Master Mix (Dye
Plus) #47 PCR ™4 , A< % R H 5.5 barcode 5| 9
#E4T PCR 3719, 2235 3 12 4k barcode 514, ¢. 251G
LS5 Y 8 R B K/ i 202 bp (1-F1/R) il
145 bp(1-F2/R),c. 518T i si 51 W4 34 i Be K/N Ry
256 bp(2-F/R). Frisit gl ¥Fs k1,519 F1
FME2 BT R g5 ¥ A 6, barcode 731 L3 2,51 %)
Hi T o SRR B U A . PCR BN K & 22X
Phanta Flash Master Mix(Dye Plus)25 pL., £ | Fif
5194 2 pLL ,DNA A 1 pL, i JG 5 6 B A9 ddH,O
%50 plo. PCRYHFE)F : 98 ‘CHIAE M 30 5598 “CAE
P£10s,55 ‘CiB K 55,72 CHEMH 1 s, JHFR 357K ;72 °C
FEAH 60 s,

5|4 Primer

J¥31(5—3") Sequence

B K /bp Products length

VIM-pegRNA1-F1 AGCCTCTACACCTCGTC 202
VIM-pegRNA1-F2 TGTACGCCACGCGCTCCT 145
VIM-pegRNAT-R TGCAGCTCCACCTTCTCGTT

VIM-pegRNAZ2-F TGGAGCAGCAGAACAAGAT 256

VIM-pegRNA2-R

GGCGTGTTAGCTTCGGTTC

2 PCR¥F 5|4 barcode FF 5l

Table 2 PCR amplification primer barcode sequences

w4 J#1(5—>3") E ¥ (53" £ J¥ 51 (5'—>3")
Name Sequence Name Sequence Name Sequence
barcodel ATCACG barcode5 ACAGTG barcode9 GATCAG
barcode2 CGATGT barcode6 GCCAAT barcodel0 TAGCTT
barcode3 TTAGGC barcode? CAGATC barcodell GGCTAC
barcoded TGACCA barcode8 ACTTGA barcodel2 CTTGTA

1.3.2  VIM % pegRNA 1 it FI I NCBI
s AT 3 VIM FE PR (NCBIID: NC_010452. 4)
FESRARF I R . M VIM N 45 i X 3k % 2 4
A7 5, A CRISPR/Cas9 (1 #8407 5 3% 3 ), i
sgRNA ¥ 71 M ¥4 (https://zlab. bio/guide-design-
resourcesg) W 11 sgRNA, M Bk 3% 3 7 f =5 (19 B
2k, % H VIM-sgRNA1 fl VIM-sgRNAZ2, 3 L) it
Jy FERHFEAT pegRNA [ #E1T.

A 5 BT pegRNA ¥ fiff ] pegFinder:
pegRNA designer for Prime Editing ¥ 3% #F 17 #% 11
(http://pegfinder. sidichenlab. org/) , fii A VIM %
PRI 46 e 4] R0 0L 4 6 0 H B9 5 o AR iR g A 28 R
H G AL R AN R T T SR R A A/ Bk /58 A
HI/IN A BEAE A/ 25 (6 bp) & 5 Tl 4 4 2 /Y, 3L
10 %5 pegRNA JF 41 . 4 DL VIM-sgRNA1 Jfy H Al %
i1 B pegRNA fir 4 & VIM-pegRNA1, [a] B, LI
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VIM-sgRNA2 Jy B il % 1 1) pegRNA 15 44 24 VIM -
pegRNAZ2, 5 Fh 4 48 55 # Fl pegRNA J7 41 7] 45 4
OSID % A .
1.3.3  VIM 3£ [H pegRNA 35 1A (1) # 2 el
pegRNA 751l Fl VIM -pegRNA 3 ik % 74 ¥4 i it
S MER A EA A
1.3.4 PKI5 415 IPEC-J2 40 it i4 15 9% 55 e e
PK15 40 g f1 IPEC-J2 40 i & 95 J5 ¥ # Fb 2
10% B4 L3 (1% 5 % R -6 % R WP 15 57 5t
H 8T 37 °CL 5% CO, 85 FR 4 Hh 55 37, 4 4 M %5
KE70% DL B TR . PE RGEAMX THEG
CRISPR/Cas9 75 B ¥ pegRNA & ik 2 /& Fl nCas9-
RIT il 65 25 1 4 8 48 280 1L 7 L o A4 B A B K 442 G
BOae o 2 B g TR L B O Cas9 4 B A
pegRNA Jy 2: 1, it £ 4 Cas9 % # %% 4% 1K 600 ng
(12 FL4) , pegRNA #% A 300 ng(12 FLHR ) , & 4H 34
HE
1.3.5 41 Jfa J& 300 98 4 PK15 4 il hydroxyurea
25 W) kb B W B 350 pmemL &b B E] 9 h;
nocodazole £ ¥ &b Bk 2 24 60 ng-mL ", &b BRI [i]
8 h. hydroxyurea 4b ¥ J5 i) PK15 4ff il & +F EAU £
W, 5 8 2 % EAU-488 41 i 3 5 k6 3 70 & 1 BA
45 . nocodazole 25 ¥ 4b B 5 A9 PK15 41 ifd i@ i 6 %
PRI, BT — Bty Wl R Ak 2 45 11 H3(Ser28) 1
Z i BEYUR B EL B 1:100. BT FH 3k Cy3
Pric th EHi o IgG L A BELL B 1:1 000,
1.3.6  VIM 3 [H 4 45 850 % A8 ) Yy 48 hg
WA BB A5 20 240 M, DR i R/ 40 L/ 2H 28 DNA 2 B0
& HEAT 40 M DNA (19 $2 B DL g B4R A7 4
W, PCRRIAARGRFE“1.3.17. FIH R
U8 JBC HL UK R DA S R B A T AR B vk
JE R 3%, ik S0k 120 V, 400 mA, 30 min,
NP 18R B KN4 IR, PCR Y736 72 9 i FastPure
Gel DNA Extraction Mini Kit i) & #E47 e [0, 18
LA 7= 4y o b B R BOR HEA T AR .
1.3.7 AR Hds 4y By 2 AR R EE R
fastq A% =X & 45 SCF 38 5 MD5 {8 % 3 7F #F 47 &
g R I B S A fastq-multx 38 i barcode
o 50 xd BB HE AT PR Y 3R e R R S R H
CRISPResso2 #EAT 20 #1731t 5 5 51 L X, H)
W& 7 = A4 H B9 %2 A5 4 38 (intended edits) F13E H 1Y
%5 (indels) , 31 F) | GraphPad Prism 8 i 5 % 46 %
R T AN A Z E W Gt . AR

VP EARMEZE RN

2 &F B
2.1 PE2X PK15%1IPEC-J2 4R R B £

VIM 5 K 4 807 5 an 1 s o A0 & Bk
N 70% J5 BEAT HL L Yy, 48 hJE W AR BE YL 40 il DNA
I P 235 S 30 2o 5 5 A7) B G oA T R A A g A
Kl 2A F1 2B 2y PE2 448 R e 4T PK15 4 Ml ) VIM J&
PRI 1 79 A7 a3 G 8RS o AT BT 7, % T pegRNAL
G A7 05 (c. 251G) , Amg SE A4 A /B 4 LA B/ | B
Bl 2 3 Tl Fi e SIS AR 2 A5 3 A ARG (L v B 4 A
B ALK 0. 44%0+0. 029, BB 56 BF e g AR
0.49% £0.08% , /I i B ik 2% g 48 2 % 0. 510 +
0.12%) ; 5 B i BR K g i A% %8 B IR (1.88%0 =
0.94% ) 3 /I i Bt A A B 4 4 A ), {H indels
R (2.98% 40.65% ) . [AIAE, BLf 3L il 2% /s
F B e % T g R 2 R Y indels SR AR R, 43 B R
1.37%+0.34% M 1.42%+0.15%, X F pegRNA2
YEIAZ 53 (e, 518T) , Bl HE 4 A gt 5 S RYRAOR 0 1y
(14.03% £0. 9% ) 5 B0 5 40 A4OR AR (2. 3820 =
0.18%) ; ¥ fig FE Bl JC A /N B B Bl 28 2% % e ik
(0.92%40.38% M 0.16% +0.07% ) ; /N i Bt i A
YK Gt 4 L)

WK 2C fr7s , PE2 Xt 8] — g 5 47 5 (¢. 251G)
FEIH TR R R [ 1 4 i 25 R 3X T BB R AN [R) Y 4
ISR T 3, /N B B A S B g R T, L G
350 R AN (B R 4R A RIOR 0. 58 % 0. 08%
PR H 0. 08% +0. 01 % , Humgi LB 2k 0. 49 % +
0.27% , /N BBk 26 0.34% +£0.21%) o L4, PE2
9B R G AE IPEC-J2 40 b X/ Beali A/ Bl 2
A g 8 25 indels R A, 2051 R 0. 23% £0. 2%
0.28%+0.2%.

2.2 PEmax X PK15 20 Bl i) 45 88 30 &

H T PE & G0 /£ A [F] 4% 40 B &R | 3 O 25 57 3¢
K, S B 5 g AR A Y PKLS 20 B kA 738056
45 FLUNE 3A R, 7E pegRNATAE FHAL &5 (e. 251G),
HIXEF PE2 & 4t , PEmax £ B0 L4l AR/ F B it
I VT g B S R SR B T B G B RLOR (AT
4.48% 40.46% ,J5 & WBAF 23. 2500 £5.520) ,
H 225 W 3 o 76 S0 4 g 45 25 7Y, PEmax (1)
B RCF (0. 63% £0.06%) 3% = F PE2(0. 49 % +
0.08% ) o XF T Fp g K& ke 2, P 35 4 58 2% 2% 3 0L
(PE2 2% 1.88% +0.94% , PEmax 2L % 2. 01 % £+
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pegRNA2 PAM

ACCAACGACAAGGCCCGCGTCGAGGTGGAG

c.518T

VIM gene
¢251G
5! GCAGGACGCGGTGGACTTCTCGCTGGCCGA |3
pegRNAL PAM
B1 VIM BEE%EN 5K pegRNA FIREE
Fig. 1 Schematic diagram of VIM gene editing sites and pegRNA sequences
A B
£ 3 ) ) X3 . .
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I 5 5
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£ e dlealaals @L
/\g&% éb %\6 @’é‘
& S r§° &
\z:db bes@ Q}Z:o :§’é& &@%
I 2N N
& &

8 A H PKI5S 4l VIM 3L c. 251G i A5 4 883 % [/ B R PK15 40 VIM L . 518T o7t g % ; [/ C 2 IPEC-J2 41 Jfd

VIM A . 251G {7 15 4 B 4k %

Figure A show the editing efficiency of VIM gene c. 251G locus in PK15 cells;
c. 518T locus in PK15 cells; Figure C shows the editing efficiency of VIM gene
El2 PE2Xf PK15 4820 IPEC-J2 4 FE 5 # R E R X B HIBHE

Fig. 2 The editing efficiency of PE2 on 5 different editing types in PK15 cel

Figure B show the editing efficiency of VIM gene
c. 251 G locus in IPEC-J2 cells
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Figure A shows the editing efficiency of the two at the VIM gene c. 251G locus; Figure B shows the indels of the two at this locus
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Fig. 9 The comparison of editing efficiency of PEmax and PE2 on VIM gene c. 251G locus after PK15 cells stayed in G1/S

phase
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