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Abstract: [Objective] To seek an efficient method for gene knockin in mammalian cells and compare the gene
knockin efficiency of episomal CRISPR/Cas9 vector carrying orip—~EBNA1 sequence with traditional CRISPR/Cas9 vector.
[ Methods ] Firstly, the DsRedE2-expressing human embryonic kidney cell line (DsRedE2-293FT) and human induced
pluripotent stem cells (DsRedE2-hiPS) cell lines were constructed by lentiviral vector transduction. Then we designed
and synthesized the guide RNAs (single—guide RNA, sgRNA) for targeting DsRedE2. And the sgRNAs were cloned into
the episomal CRISPR/Cas9 vector and traditional CRISPR/Cas9 vector, respectively. Then the homologous arms of
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DsRedE2 were designed, amplified by PCR and connected to the two ends of green fluorescent protein (GFP) to con-
struct the DsRedE2-specific knockin fragment. Two kinds of CRISPR/Cas9 vectors, guide RNA vector, with or without
homologous arms were transfected into the DsRedE2-293FT and DsRedE2-hiPS cell lines respectively, and the knockout/
knockin efficiency was confirmed and measured by PCR, fluorescence microscopy and flow cytometry at different time
points post transfection. [ Results] 293FT and hiPS cell lines expressing DsRedE2 were successfully constructed ; The
episomal CRISPR/Cas9 knockout vector, traditional CRISPR/Cas9 knockout vector and the homologous arm with GFP for
targeting DsRedE2 were also obtained respectively. The results of fluorescence microscopy and flow cytometry showed that
the number of DsRedE2 positive cells in episomal group was significantly lower than that in traditional CRISPR/Cas9
plasmid transfection group. Meanwhile, the number of GFP positive cells (successful GFP knockin) in the episomal CRISPR/
Cas9 group was statistically higher than that of the traditional CRISPR/Cas9 group. TA cloning sequencing confirmed that
the target site has knock—out and knock—in fragments. [ Conclusions] Both type of CRISPR/Cas9 vectors are functional in
gene knockout and knockin in mammalian cells and episomal CRISPR/Cas9 vector with orip—EBNA1 sequence is more ef-

ficient than the traditional CRISPR/Cas9 construct. These results may have important implications for the generation of lin-

eage tracing hiPS cell lines and animal models by using episomal CRISPR/Cas9 vector.
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Fig.1 The establishment of cell lines expressing DsRedE2

2.2 CRISPR/Cas9 & FITHH ARGt RS
ik

I FH R4S BT 2 B 5 0 S 56 28 R AL i I 2% T
H 78 H B3 DsRedE2 B3 T 34> sgRNA, H-fir
%0 sgRNAT sgRNA2 . sgRNA3 (€] 2A 4y sgRNA )
WItREE) o 8T IR Al TEAZ AT R 5L EE TP B
BE SRR K W) 7EBE T episomal CRISPR/Cas9
1A 5% 38 CRISPR/Cas9 #8844, W 5 J5 , 4 14 1E.
FR) SR, SR I 7E 293 FT 6 Y g %) Jook , Pk 32k HH 2k
i e sgRNA2 I TG 25280 (K12B~ D), [ 2E
AT e ORI X IR 1] 2F g AN TR sgRNA R
OB A A HIR 8] (sgRNAT  sgRNA2  sgRNA3 k
At N 3, A3 )5 2606 8 0.001 , 4 N F-24 )5 22
fHR2.5% 10", F=4.940,P = 0.054) ,

23 AEAHAEEERBBIELILER

5 3] 4 1k #) DsRedE2- 293FT 4 DsRedE2-
hiPS 4 il 3 J5 , [ B G4 AH [R] )28 7K it 19 episomal-
CRISPR/Cas9 Jii #i/sgRNA2 55 3% i CRISPR/Cas9 Jii
Hi/sgRNA2 Sy S 36 21, B4 X6 B AN A e G 4k
o FEFEYL 24 h J5 SEH 2L R AN A1 g/mL ) 122
W4 85 2 i 1% , Horr episomal CRISPR/Cas9 (epiCRIS-
PR) 445852 JIN 24 i 35 , 17735 38 CRISPR/Cas9 21 7E in
2L 3 d S5 12 (— MR s e 3A 1Y BORL 2 3k my i
WIRFE YL I 48 ~ 72 W) o FERR YL T (AN [R] B
B8] 5 (d7 5 d14) 43506 00 R 2 1 R R 50 o 7Rk
SR T UEE T LI | d7 338 CRISPR/Cas9 Jit
W 2H 149 DsRed E2-+ 41 i $ic it B 18 e 0 BRI, 1 4 e
epiCRISPR JH K7 (1) 2560 20 DsRed E2-+ 21 i 550 o 3%
i CRISPR/Cas9 J5T k7 1Y 55 46 2H B IG5 3t =X 248 it O
BRI R SE 6 41 DsRed B2+ 41 Jifd 5 & b % BB 20
B 2 T [, H epiCRISPR B4 41 11 DsRed E2+41 fifg
it (36.89 + 2.83) % ik # /b T 8 CRISPR/Cas9
KL ZH (62.28 + 3.90) % , it B 1 Fbt Joii 47 0 BE
R R H Y R B, {HLJ2 epiCRISPR B A9 i R
R 58 CRISPR/Cas9 ki 5 (€1 3A.B) . 1
d14 A RHBE AR EEIEE , 28 WU T v LU 21, 5%
i CRISPR/Cas9 J5i ki 24 DsRedE2+ 41 fifg & e 1] 45
d7 FEATCAR AL, T epiCRISPR £ HA HE /D1y
Y0 IR LT A5G, TR IS I AR It & A e
epiCRISPR #H DsRedE2 + 41 g /Y Fb 1 4 Jy (0.86 =
0.21)%, 111} % Y 38 CRISPR/Cas9 2H DsRedE2+ 4]
OBy He 5] A (37.35 + 3.83) % (K1 3C.D) .

FRATT L AE hiPS 20 M _E AT AR [ A S5 e
d14 J5 , 38 i 7¢O . B W 2% -5 3t =0 40 i 43 A
%% BH, epiCRISPR £H DsRedE2+ 2 g 1) Eb 451 A (0.77
+ 0.25)% , 1M 18 CRISPR/Cas9 ZH DsRedE2+ 4 Jit
B LA (8.51 +3.91)% (K 3E . F) . FRATHE T
FEAS R B A] 5 293 F T 4155 hiPS 41 it r il bk sk %
(B 3G;293FT 4 iy d7 FEAS I Ry 3, 4 0] P35 07 22
B4 0.096, 2 V-3 5 22 (864 0.001, F = 83.319,
P =0.001;293FT 4l it d14 FEA BNy 3, 40 (6] F- 44 7
ZE{H R 0572, AN ZE R T4 x 107, F =
777.697, P = 0.000; hiPS 4il fitl £ A< 5t 4 3, 4 [6] °F-
17 226 0.009, 40 N V-3 07 2 R 4.5 x 10°°,
F =2237.911,P =0.000) . [f] B F&ATHXF 293FT
hiPS & 5% 40 i 98 47 1 T7E1 B U1 A vk 4 B (1A
3H), ATLLAES], 5% EAIARHE , SC00 41 mED) 3



664 RS (RS2 RR) 5394

Target site

|

5'-cgacta caagaagctgtccticecegagg  getica=3"  sgRNAL

5'-caaglg ggagegegtgatgaacticgagg acggeg—3"  sgRNA2

5'—acctte atctaccacgigaagticat cgg  cgtgaa—3"  sgRNA3

Target PAM A
5 = sg2:P1
= = P27 61%;
sgl sg2 sg3
o v 27.61%
S 4 S A .
T o Te T
= 3 = =
a3 a ~
Ep z ]
S v S S
0 50 100 0 50 100 0 50 100
FSC-H (x10°) B FSC-H (x10 C FSC-H (x10 D
= 293-1761:P1
— 3 P2(93.89%) P<0.001
o I
S 93.89%
i P<001  P<0.01
T g%
=4 =
g £ 60
=
5 Z 40
3 £
“g 200 —
= z 0 . . . :
= e -
0 50 100 Con sgl sg2 sg3

FSC-H (x10Y) E

F

A: The design of sgRNA. The knockout efficiency of sgRNAT(B), sgRNA2(C) and sgRNA3 (D) in 293FT cells was detected by flow cytome-

try respectively, and sgRNA2 with the highest knockout efficiency was selected for subsequent experiments. E: The negative—control cells without

transfected with knockout vectors were detected by flow cytometry. F: The efficiency of different sgRNA was compared.
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Fig.2 The design and construction of the targeting vector
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A': Traditional knockout plasmid was transfected into DsRedE2-293FT cells. DsRedE2 positive cells were detected by fluorescence microscope
and FACS at d7; B: EpiCRISPRplasmid was transfected into DsRedE2-293FT cells. DsRedE2 positive cells were detected by fluorescence micro-
scope and FACS at d7; C: DsRedE2 positive cells of traditional knockout plasmid group were detected by fluorescence microscope and FACS at d14.
D: DsRedE2 positive cells of episomal group were detected by fluorescence microscope and FACS at d14. E: Traditional knockout plasmid was trans-
fected into DsRedE2-hiPS cells. DsRedE2 positive cells were detected by fluorescence microscope and FACS at d14. F: EpiCRISPRplasmid was
transfected into DsRedE2-hiPS cells. DsRedE2 positive cells were detected by fluorescence microscope and FACS at d14. G: Comparison of the effi-

ciency of different knockout plasmids at different time points in 293FT and hiPS cells; H: The T7E1 enzyme-cutting diagram was performed for
293FT and hiPS respectively. Scale bar = 250 pm.
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Fig.3 Comparison of gene knockout efficiency of different vectors
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A: The design of knockin vector. B: Traditional knockout plasmid, sgRNA2 and homologous arms were co—transfected into DsRedE2-293FT

cells.GFP positive cells were detected by fluorescence microscope and FACS at d14; C: EpiCRISPRplasmid, sgRNA2 and homologous arms were co—

transfected into DsRedE2-293FT cells.GFP positive cells were detected by fluorescence microscope and FACS at d14; D: Traditional knockout plas-

mid, sgRNA2 and homologous arms were transfected into DsRedE2-hiPS cells.GFP positive cells were detected by fluorescence microscope and

FACS at d14; E: EpiCRISPRplasmid, sgRNA2 and homologous arms were transfected into DsRedE2-hiPS cells.GFP positive cells were detected by

fluorescence microscope and FACS at d14; F: Comparison of the knockin efficiency of different plasmids in DsRedE2-293FT. G: Comparison of the

knockin efficiency of different plasmid in DsRedE2-hiPS.Scale bar=75 pum.
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Fig.4 Comparison of gene knockin efficiency of different vectors



25 54 ARIEAS , 45 . H T episomal CRISPR/Cas9 ZEA4 ity Bk [A fil A 7 1 667
5' - atccccgactacaagaagcetgtecticcccgagggcettcaagtgggagegegtgatgaacttcgaggacgg -3'  (wt)
5' - atccccgactacaagaagcetgtecttccccgagggetticaagtgggagegegtgatga---------- ggacgg -3' (-7bp) 2/20
5' - atccccgactacaagaagcetgtecttccccgagggcettcaagt gg -3' (-26bp) 4/20
5' - atccccgact gacgg -3' (-56bp) 4/20
5'- atccee acgg -3' (-57bp) 3/20 A
DsRedE2 sequence sgRNA-IRES-eGFP-sgRNA DsRedE2 sequence
cccegecgacatccccgactacaagaa ggagegegtga---//---ccectetecctecceccece---//-—-tgaacttcgaggg  acggeggegtggtgacegt B

A: The DNA sequencing result of hiPS knockout samples (the dotted line is the knockout sequence, and the red part is the target site. A total

of 20 clones were selected, of which 13 were mutated. B: The DNA sequencing result of hiPSknockin samples ., The dotted line is the omitted base

(the ratio of sequencing clones is 2/10)
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Fig.5 The result of the DNA sequencing
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