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MEK inhibitor PD0325901 significantly boosts ssODN-mediated
HDR efficiency in porcine fetal fibroblasts

Hao Ou®, Guoling Li*, Haogiang Wang®, Guangyan Huang®, Gengyuan Cai*?,
Zicong Li', Zhenfang Wu'?, Xianwei Zhang™?

1. National Engineering Research Center for Breeding Swine Industry, College of Animal Science, South China Agricultural
University, Guangzhou 510642, China
2. Wens Foodstuff Group Co., Ltd, Xinxing 527400, China

Abstract: There are two major pathways, homology-directed repair (HDR) and nonhomologous end joining (NHEJ),
involved in double-strand break (DSB) repair. Single-stranded oligodeoxyribonucleotide (ssODN)-mediated homologous
recombination repair is commonly used for animal site-directed genome editing, with great scientific and practical value. To
improve ssODN-mediated HDR efficiency in the pig genome, we investigated the effect and molecular mechanism of
mitogen-activated extracellular signal-regulated kinase (MEK) inhibitor PD0325901 on the HDR efficiency in porcine fetal
fibroblasts (PFFs). The results showed that PD0325901 obviously increased the percentage of G, and S phase cell
populations and reduced the cell population ratio in the G, phase of PFFs, and promoted the expression of HDR repair
factor. At the optimal concentration of 250 nmol/L, PD0325901 increased the repair efficiency of ssODN-mediated GFP
reporter vector by 58.8% and the directed editing efficiency of PFF DMD and ROSA26 locus by 48.16% and 17.64%,
respectively. The results show that MEK inhibitor PD0325901 significantly promotes the efficiency of ssODN-mediated
homologous-directed repair in the porcine genome, thus offering a new idea to generate genetically modified pigs more

effectively.

Keywords: MEK inhibitor; homologous-directed repair (HDR); PD0325901; gene editing

NHEJ NHEJ DNA
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(zinc-finger endonuclease, ZFN)M
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effector nuclease, TALEN) DNA DSB
(clustered regularly interspaced short palindromic DNA
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HDR PFFs ssODN
HDR
ssODN Maruyama 1%
Scr7(DNA v ) ssODN 1
19 Scr7
2 Ma g
VE-822 (Rad3 ) AZD-7762
( CHEK1 )  ssODN sSODN-mediated HDR reporter
3 [24] EGFP (enhanced
HDR [14] green fluorescent protein)
[15,16] BamH BamH
EGFP
[17] EGFP
RAS-RAF-MEK-ERK Cas9/sgRNA pX330 (Plasmid #42230)
Addgene PFFs
MEK PD0325901
Selleck sSODN

(mitogen-activated  extracellular  signal-regulated
kinase, MEK) (18]
PD0325901 ATP MEK

MEK MEK  ATP
MEK [19,20] Lin [21]
PD0325901 CHIR99021 (GSK3p
) ESC (embryonic stem cell)
MEK
DNA

(Duchenne muscular dystrophy, DMD)

X DMD
DMD
[22] ROSA26
23] (porcine
fetal fibroblasts, PFFs) DMD
ROSA26 MEK PD0325901

1.2 Cas9/sgRNA itk Ry # 2

CCtop CRISPR/Cas9 (https://crispr.cos.

uni-heidelberg.de/index.html) DMD ROSA26
SgRNA[Z2] 1 sgRNA
95
DNA pX330-U6-hSpCas9 Bpil
1.3 PDO0325901 Fz %l & 4H A3 55
PD0325901 DMSO
(DMEM +10% )
25 nmol/L 50 nmol/L 100 nmol/L
250 nmol/L PFF

90% (10cm )

*1 sgRNAFFER

Table 1 sgRNA sequences used in this study
sgRNA (5—3")
DMD F GTTGGAGACTGAAGTAAACC

R GGTTTACTTCAGTCTCCAAC
ROSA26 F GTGAGAGTTATCTGACCGTA
R TACGGTCAGATAACTCTCAC
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1.4 MTT &N 40 pa &M

#* 2 QgRT-PCREI¥IFFIER
Table 2 The sequences of quantitative real-time PCR

PFF 90% (10 cm primers used in this study
) 0.25% 10%~10° (553)
/9 100 pL/ ©p)
g 48 h LIG4 F GCCGCTATCGCAGACATTG 251
20 4L/ MTT (5 mg/mL 0.5%MTT) R GCCATCATCTCACCATCAAGG
4h 150 L/ PNKP  F GGACCGTGGCAGTGAAACAG 221
10 min R CTCTTCCTCCTCCTCGTGTGG
ODugg i XRCC5 F GAGGAAGGCACCGTTGAAG 188
R GAGAGAGGAATCTGACACTTAGC
XRCC6 F GCGATGAAGAAGAAGAAGAGGAG 225
1.5 Az o B R 46 i 248 A 2 B
R CATAGAACACCACTGCCAAGAG
PFF 90% (10 cm BRCAL F ACGCCACTCTCAACTTCTG 195
) 0.25% 6 2 mL/ R CAAGCCTGATGCCACAATAG
3 Rad52 F CTACTGGTGGCAACTCTGTATTATG 163
48 h 1.5mL R ACCCTGTGACCCTCAATGTAAC
500 pL 0% (=20 ) Rad50 F GTGGTGATGCTAAAGGGAGAC 232
4 500 pL R GGAAGTTACGCTGCTGTGAG
(propidium iodide, PI) 4 Rad5l F CGTTCAACACAGACCACCAG 187
30 min R GCAAGTCGCAGAAGCATCC
Modifit 5.0
1.6 HDR %1 NHEJ % B EFikk Fagtem  reporter (BamH ) 1ug/ ssODN(
3) 3 6 24 h
PFF 90% (10 cm 2mL/
) 0.25% 6 2 mL/ 48 h
3 PFF 90% (10 cm
48 h RNA ) 0.25% 8 ng/
RNA cDNA PCR pX330-DMD-Cas9 1 ng/ ssODN 8 ng/
NHEJ XRCC5 XRCC6 LIG4 pX330-ROSA26-Cas9 1 pg/ ssODN(
PNKP HDR Rad50 Rad51 Rad52 3) 3 6 24 h
BRCAl gRT-PCR 95 2mL/
5min 95 15s 60 15s 72 48 h DNA PCR (
15s 40 95 30s 60 30s 4) T7 Endd
95 30s ¢gRT-PCR 2 Hind
1.7 ssODN 4+ & HDR st & =Hind
/T7 Endd
PFF 90% (10 cm clone
) 0.25% Thermo fisher smarter TA ( C5853)
Lipofectamine® LTX & Plus Reagent protocol DNA TA

8 ng/

ssODN-mediate HDR
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% 3 ssODN FFfE R
Table 3 The sequences of sSODN used in this study
(5—3") (nt)

EGFP CTTCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCC 140
AGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCG

DMD TTTATTGTTCAGCGTTTGGAATCTCCTGAAGACAAGTCATTTGGCAGTTCATTGTTGGAGACTGAAGTAAA 146
AGCTTACCTGGACAGTTACCAAACAGCTTTAGAAGAAGTACTCTCATGGCTTCTTTCAGCTGAGGACACAC
TGCA

ROSA26 ATGTCTGGGACTGGATGAGCAAGTACAACAAACAAAATGGGCTTAAAGTATGAGTGAGAGTTATCTGACC 146
AAGCTTGTAAGGATGCAAGTGAGGGGGCCTAAGGTTTGGAGATTAATATTTAATCTCAGATGCTATACTTTG
GTGG

#* 4 PCR5|#1F75
Table 4 PCR primer sequences used in this study

(5'—3) (bp)
DMD F CTACTGTTCATGTCTCTGATAATGCAAGTGG 554
R CACATTCCTGTATGAACCACTGGC
ROSA26 F AGATCTTTGTGTCGCAATTTCC 633
R CCAGCAACACCTAAGATTTATCAGA
1.8 HIEHH
SPSS21 T-test 2.2 PDO0325901 X} DNA &£ EF&RiAKFH
Mean + A1)
SEM *P<0.05 **P<0.01
PFFs PD0325901
qRT-PCR NHEJ
(XRCC5 XRCC6 LIG4 PNKP) HDR
2 (Rad50 Rad51 Rad52  BRCAL)
PD0325901 ( 2
2.1 PDO0325901 X% PFFs ZHR%E 170200 A A NHEJ 25 nmol/L 250 nmol/L PD0325901
A ARHIRN XRCC5 XRCC6 PNKP
PFF 25 nmol/L 50 nmol/L 100 nmol/L LIG4 250 nmol/L
250 nmol/L PD0325901 MTT HDR PD0325901
25 nmol/L Rad50 Rad52 250 nmol/L
50 nmol/L 100 nmol/L Rad50  Rad52 3
17.2% 5% 10.12% 250 nmol/L PD0325901  (P<0.05) PD0325901
6.35% BRCA1  Rad51
(25 nmol/L) 100 nmol/L PD0325901
(250 nmol/L) (P<0.05) BRCAL  Rad51
(P>0.05) 4 PD0325901
(1A 23 PD0325901 %t ssODN 4 S HDR 3 Z i
PD0325901 G -
S PFFs (P<0.05) Gy

(P<0.05) ( 1B) sSODN HDR sSODN
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Fig. 1 The cell activity and cell cycle distribution after treatment with PD0325901
A PD0325901 B PD0325901 * P<0.05
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Fig. 2 The mRNA expression levels of DNA repair factors after treatment with PD0325901

XRCC5 XRCC6 LIG4 PNKP  NHEJ Rad50 Rad51 Rad52 BRCAl HDR
* P<0.05 ** P<0.01
PFF 25 nmol/L sSODN Hind ROSA26

50 nmol/L 100 nmol/L 250 nmol/L PD0325901 25 nmol/L 50 nmol/L

HDR 32.3%~58.8% (P<0.05) 250 nmol/L PD0325901 ROSA26 HDR
( 3 A~C) X330-DMD-Cas9 ssODN 48% 08% 96% ( 3 H 1)

PFF Hind DMD 100 nmol/L ROSA26 HDR

25 nmol/L 50 nmol/L TA
100 nmol/L 250 nmol/L PD0325901 250 nmol/L PD0325901 DMD ROSA26
HDR 2.6%~371%( 3 E F) HDR 48.16% 17.64%
pX330-ROSA26-Cas9 ( 5 3 J K Hind
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A C g6
11T+ BamH 1 731 ¥
|| )5 4r
SSODN § DRI 4R1% sewEGre || wopN n}%
s P iR g 2
> &
SEEGFP 20 .
% 250 nmol/L 100 nmol/L 50 nmol/L 25 nmol/L. X AH#{]
B % 50 nmol/L % 25 nmol/L % A % ZH4
%" 47% % § 3.4% § 0.0%
§ g " el | & S| ] [ —
U - (= =

107 10° 10° 10° 10° 1072 107 10° 10% 10° 10° 102 107 10° 10¢ 10° 10° 10°2 10° 10° 10° 16° 10°10°% 107 10° 10° 10° foe 1072 10° 107 10% 10° 106 1072

GFP
D DMDXERfEE [ / {FFET1 | 4/
FTiRARAR 5-GTTGGAGACTGAAGTAAACCT:GACAGT-3'  sgRNA Ji4il
(sSODN)  5-TTTATT...... GGAGACTGAAGT. GCTTACCIG(......TGCA-3'
IR (70 nt) A [ IR (70 nt)
PD0325901
WT 0 250 (nmol/L)
E F Sas.
gzo X
g1s
F 1o
53.0 566 57.6 550 573 g |
=]
% o e
Hind 1T ‘i‘“ °¢° 9¢° fw
87 89 97 108 129
G
ROSA263Rfi 5/ /— SETF1 {HET2 —/
TR 5-GTGAGAGTTATCTGACCGTA/CCATGC-3'  sgRNA J¥%1
(ssODN) S-ATGTCT......GTGAGAGTTATCTGACCAAGCTTGTAAGC.......GGTGG-3'
ZE RIS (70 nt) A5 R UEHT (70 nt)
H WT 0 250 (nmol/L) I s
g
3 20F
T7 Endo 1 E I5¢
' él&; 10 1
60.9 59.6 599 62.5 60.7 Z sl
[=}
290

Hind 111

11.9 122 11.8 120 13.0
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J DMD
230 240 250
GACTG AAGTAAAAGCTTACCTGGACAG
ZE9(70 nt) Hind 111 "’.I (70 n)
Fal N A I-I 'I .: .'.. I'I .I-I
K ROSA26
350 360
TATC TGACCAAGCTT GTAAGGAT GC
Hind 11

Z2RE(70 nt) AW (70 nt),

i / £ o AN ;oA
L e T e S SN W A | S S S -

3 PD0325901 %t ssODN 7+ §&J HDR 3K K501
Fig.3 The ssODN-mediated gene editing efficiency after treatment with PD0325901

A ssODN HDR B HDR ( EGFP HDR
) C PD032590 sSODN HDR (n=3) * P<0.05 ** P<0.01
D G ssODN Hind D DMD G ROSA26 E H
DMD  ( E) ROSA26 ( H) T7Endd  T7 I
DSB Hind
Hind Fo E H (HDR = Hind /T7 Endd
n=3) J K Hind DMD( J) ROSA26( K)

=5 TARGEHBIESIT

Table 5 The statistics of TA cloning

Kl (1 )

DMD 18.75% (3/16)
250 nmol/L 27.78% (5/18)
ROSA26 25.00% (4/16)
250 nmol/L 29.41% (5/17)
3
DNA
NHEJ
HDR S G,
[17] S G,
Yang 7
ABT-751
G, 2~5 kb 5
3~6 Lin [ aphidicolin
nocodazole 293T
G, ssODN
PD0325901
G, S PFFs
G
[29~31] [30]

Wang

RAS-RAF-MEK-ERK
MEK-ERK D1 (cyclin D1)
4 (cyclin-dependent

kinase 4, Cdk4)

S Ayunadirah B PD0325901
MDA-MB-231
G, MEK
PD0325901 PFFs S
MEK
PD0325901
S G,
(17,32-34] 250 nmol/L
PD0325901 DMD ROSA26
ssODN
S G
NHEJ HDR
[17,35,36]
PD0325901
DMD  ROSA26 ssODN
PD0325901 Rad50 Rad51 Rad52
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4 : MEK PD0325901
PD0325901
PD0325901
NHEJ
25 nmol/L 250 nmol/L
“ U »
Li 01 L755507
Resveratrol ~ Scr7 3 NHEJ HDR
“ U »
Kachhap " DU-145 LNCaP
(valproic acid, VPA) BRCALl
“ U ” “ U
PD0325901 ssODN
MEK PD0325901
HDR PD0325901
ESC [l
MEK EGFP
58.8%
DMD ROSA26
48.16% 17.64%
PFFs
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