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W - EATR

E F CRISPR/Cas9n # R & 3L #i 7 mT-F2A-EGFP #fi & &
% 19/ bR BE B T 4R AR &R

FiEth, £ I
g EME AN MR S A G 2, IETMAEEYELLRE, iETmARiaSiBE SR an R
iR, i 200025

[#§ =] BHH - i CRISPR/CasOn (clustered regularly interspaced short palindromic repeats/CRISPR-associated protein 9
nickase) A5 [E W E M52 (homologous-directed repair, HDR) £ AR7E/N MM T 41 (mouse embryonic stem cell,
mESC) 1 N IR JZ S8 8 43 T T-box F5 5% Al 1 Brachyury (B TIEH) AR umk vk i A F- 2 19585 2A  (foot-and-mouth
disease virus 2A, F2A) FIHGGR 4k 5¢ S 1 (enhanced green fluorescent protein, EGFP) DA T 9 GG B R (mT-
F2A-EGFP). 73k « W46, B0 TR 4 Sk 845 S 17 RNA  (single guide RNA, sgRNA) JFki FlI40 & F2A-EGFP (1)
PRIEORL ) e 2R F LK 0 2 B BURLEE 7% 3 mESC E14Tg2a (E14) P9, i) HDR7E TP K uidf A F2A-EGFP. AR5, @it
25090 7 98 R RE DR P B I BT AR A A B e R A R, IR HAE SR IR (embryonic body, EB) #4740k, d#ad %800 i
B A = A B AR 43 50 M mT-F2A-EGFP 4l i e BE7E S AL TR 92055484k, AT 5w & R4 HE5E S0 (real-time
quantitative reverse transcription polymerase chain reaction, RT-qPCR) kil Z REPEAR LA . NIR)Z DL AMNIR)Z b5 &
AOG SEKSEAR AR . TRIIRE, R e e A L S8 30 . AE R <k, IR BRPERE IR ES (alkaline phosphatase, AP) e (oG i
VE e T AR E . de )T, PRiEseBEAEM R T1 AT 7 EB 404k, R =40 M AR 238 11 Ak 20 i rh EGFP 23Rk 21
Jiti (EGFP*) FMITCa kM4 (EGFP™), JER& i RILEMRIAHEN . LR - EGFPYIEHHH A S E14 40/ (1) T 3%
o HAOaui B BETE A S2 e T PR kK HR AR W AN BB o 24 T1 5 se B A A, 3ok i X 2 AR 4015 13
% mT-F2A-EGFP #) 9 C AN F 2 m Rk h IR ZhR S 6 R . 2518 - i @ 57 mT-F2A-EGFP #Y mESC, AJ SIS T4k
R R B A DA WD, S 38 B A fhad Bt rh 2R 5k T AL AR I EGEP 1y rh 2 41 i .
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Establishment of a mouse embryonic stem cell line carrying a reporter of mT-F2A-
EGFP based on CRISPR/Cas9n technology
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[Abstract] Objective:To establish a T-box transcription factor Brachyury (7 gene) fluorescence reporter cell line, in which foot-
and-mouth disease virus 2A (F2A) and enhanced green fluorescent protein (EGFP) were knocked in at the end of mouse 7 gene (mT-
F2A-EGFP) in mouse embryonic stem cells (mESCs) by CRISPR/Cas9n (clustered regularly interspaced short palindromic repeats/
CRISPR-associated protein 9 nickase)-mediated homologous-directed repair (HDR) technology. Methods First of all, the specific
single guide RNA (sgRNA) plasmid targeting the sequence near the stop codon of the mouse 7 gene and the plasmid donor
containing F2A-EGFP were constructed. These two plasmids were co-delivered into mESCs E14Tg2a (E14) by electroporation. In
this way, the desired fluorescent marker EGFP with self-cleaving peptide F2A were introduced into the end of 7" gene via HDR.
Then, the monoclonal cells, obtained after drug selection and verified by sequencing, were induced for differentiation as embryonic
bodies (EB), of which the fluorescence signals of mT-F2A-EGFP were monitored by fluorescence microscope and flow cytometry.
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These reporter clones were also selected before and after differentiation by real-time quantitative reverse transcription polymerase
chain reaction (RT-qPCR), which detected the transcription levels of marker genes determing pluripotency, mesendoderm
differentiation or ectoderm differentiation. In addition, the cell cycle and growth curve of these clones were detected. Meanwhile,
alkaline phosphatase (AP) staining was used to detect the stem cell characteristics of these candidate clones. Finally, the clone T1
carrying mT-F2A-EGFP was selected for EB differentiation. Flow cytometry was used to sort out EGFP expression cells (EGFPY)
and non-EGFP expressing cells (EGFP™) from the EBs comprising multiple lineage cells upon differentiation, of which cell lineage
markers were checked by RT-qPCR. Results: EGFP was correctly inserted after the 7" gene in E14, whose fluorescence intensity
reflected the expression level of endogenous 7 without observed side effects. When the fluorescence reporter clone T1 was
differentiated, the EGFP cells sorted by flow cytometry mainly expressed mesendoderm marker genes. ConclusionThe
establishment of mESC line carrying mT-F2A-EGFP can realize rapid monitoring of the degree of 7 regulation, and track
mesendoderm cells expressing 7' marker, EGFP in real time during differentiation.

[Key words] mouse embryonic stem cell (mESC); CRISPR/Cas9n; mesendoderm differentiation; enhanced green fluorescent

protein (EGFP); reporter gene; Brachyury; foot-and-mouth disease virus 2A (F2A)

LS H 0k B i a2 3 — R 5 B 2% HR %)
P . N CER AR A IR T IRk . e/ RUIR
3.5 d I, 5 7 5ok 0 i 0 5 AN o0 Ak AR SR A IR
JEFNN AT o PN 20 R A A i B VR RN G Y
2. ERZTTERE & RAMEZE (ectoderm) , i
JEFRNDE R 4% o IR SRR I IR )Z (mesoderm) Fl
WIEJZ (endoderm) bt rhalid i Fr B, PRI S
AT NE)Z (mesendoderm) BrEL.

/N BUIE BE T 40 2 (mouse embryonic stem cell,
mESC) SKUET NAIMIE . I 5T S B I 1
M F (leukemia inhibitory factor, LIF) JEfsiE 4EHs
G 3 mESC fy B A& 1T 20 7F mESC 447
0.5% 4SS BLT BRI — 40 i B B i — 410 i FE 41 g
(2-cell-like cell, 2CLC) , # ik X[ [A) P8 HE [A 5
(double homeobox, Dux). FFE FIHAH 55k 4 K+
(zinc finger and scan domain containing 4, Zscan4) L)
K Zscandd % ', 24 mESC7EJC LIF (B IR F 3t
T B SRR (embryoid body, EB), FRi&#44)
e R 3AIRZ . EB MU B AR IR SN B T 1A N
HIRIZE Ak . DRLIHOR I 1 240 Jf 2 A 5 e SR I A B
i iz SRR Y 28 SRR

WG 4i e 2 Zae A B FR TR AR A, T
PEAERE =2 th Z RePER R [ R TR (5 5 30 K A 2 [
P L (AR 2 e N T 5 oAk R 5 X T 1) SF-
BeATHE, T UMY fivis (8 & A s, ZRetE R &
&, BN R T R A . 2 mESCIR £
AEPEIRZS 1~2 dJ&, M IRIZE 20 AL I T-box F%
kA Brachyury (R THEH) SR ETF 4R LM, Z
Ja Hofb 4> 4k 3 K GSC A B & (goosecoid
homeobox, Gsc) A SBHpAEFHRE ), iR

e
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ST NIRIZ A PR, AT 736 AT A 142 1 25 0
A Bl T B W0 A e o VR A SC B BILR . iR
AE 7E mESC ' # ¢ 7 5E [ 9 1Y s 4t a9 e iR B
(enhanced green fluorescent protein, EGFP) i & &
4, M2 mESCIEM EB i A =IRZ i EN T,
TS LR ZOCAE 7 st B TREDY A K 1 5
BT EE, TS S N IRZE A L

H ® , CRISPR/Cas9
interspaced short palindromic repeat/CRISPR associated
protein 9) $7 AR T Bl Ry A 5¢ 1 40 B D) g 1 2 T
B . | Fl CRISPR/Cas9 Al [d] Ji & 17 & &
(homologous-directed repair, HDR) $i AR, 7 PAIZE4F
S L TR 7 R AT R TR T A AR e B
AL AR o (HIZBARAATEM KBRS, T2
CRISPR/Cas9n (Cas9 nickase, Cas9n) N7 iz 1M 4
CRISPR/Cas9n R G REVE T DNA K AL Bk U] i A 2
XUEERI . H R AR R, BB B R I
A, B R R RRAL Y MeAh, HHE
TE A0 M rh [l i gk 2 A B DL B R SR, 2A kB
[ 4n T & O %53 2A  (foot-and-mouth disease virus
2A, F2A) VOV RH R T R R A R 2
6] o YRR AN F L K 35 F2A JF 51 1 C RS,
Bk 1 SR - I 2B ) o X R ORIk BR
SECT F2A M T U ARAY B2, TR IIE F2A BT i
FEPRIFEAT= A G R O R SR IRI g a7 223k

AHF5E 5 7 FI I CRISPR/Cas9n A 1E mESC Y T
B A AR U R F2A FIEGFP, I LAEEST T 2864t
AN % (mT-F2A-EGFP) . EGFP 1) 2 5 i m] 5
I Jsz e vy AR 2 A L A AR L, XK R ABIESR T A
JVRJZ R I3 A A AL R B A ) 26 B85 SR

(clustered regularly
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1 HEE5EE

1.1 Mk

1.1.1 408 mEST & El4Tg2a (E14400) My A 3%
[ ATCC/AH] .

1.1.2 Jfiki pX461-CasOn-2A-GFP (#48140) g [
JE[H Addgene A7 .

1.1.83  FZRA M B Trans10 14 & % 5 40 i
(#CD201) FIR sk Ml & (#AT341-02) T4 H H [E
4342 FE]; Knockout DMEM (Dulbecco’s Modified
Eagle Medium) X% 7% & (10829-018) . DMEM+
GlutaMAX 17 72 % (10569-010) . IR AN (11360-
070) . 55 mmol/L 2-%i % Z, ¥ (21985023) . TrypLE
(12605028) . 4= 1ML (fetal bovine serum, FBS;
5H30070.03) . ¥ % R/HE % R (15140-122) By H
2% [E Thermo Fisher Scientific 2y & ; /N & LIF
(#ESG1107) g [ 3% [® Millipore 28 7 5 0.1% W Jig
(#07903) W [ %K Stem Cell 2375 /)N BURHG 140
Ji A% %5 Ye ik 7 & (#VPH-1001) T A Fi -+ Lonza 2
] ; Hieff Canace /& FL DNA % 4§ (10148ES60)
Wy [ A E %N W] T4 DNA % 320 (B0202S) Al
Gibson 2025 IR (E2611) WA [ 3[R NEB/AH]; &
WOEE R BT R OR i 2 HUIRK R & (740420.50)
NucleoZol RNA #& Bt i /] (740404.200) Wy {4 7% [
MN A&} ; PIYil (#P4171) W [ L5 Lablead 2>
w5 P R A (0 B & (Vector Blue Substrate
Kit, Alkaline Phosphatase; #SK-5300) Iy H 3¢ [

Vector Laboratories 2 7] o

1.2 Jiik
1.2.1 Bk

(1) % pX461-Cas9n-2A-Hygro i ki # F
Fsel 1 Shfl (U157 15 F % pX461-Cas9n-2A-GFP Jii
kil GFP F BL, I F ] Gibson i 57 1 A bt ) 55 &
DNA i Bt. Gibson 1% /7% : ¥ 0.5 pmol DNA J Bt
#1010 wL Gibson Assembly Master Mix 1R 45, JIIA XK
K (ddH,0) #h5520 wL, 7E50 °CHLHE 1 h.

(2) HJFEpX461-mT-sgRNA Fiki  Phik/Nil 75
k%5 B P 5 (GTGCTGAGACTTG-
TAACAAC) it RNA (single guide RNA,
sgRNA) Jfid ot B AMER JOP B mT-sgRNA XUEE, #
i A pX461-Cas9n-2A-Hygro Jii ki if . & W 1K £ -
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0.2 nL 100 ng pX461-Cas9n-2A-Hygro, 2 pL mT-
sgRNA RfE (1 : 200 % B ), 2 pL Tango 2% MK ,
1 wL 10 mmol/L DTT, 1 pL 10 mmol/L ATP, 1 pL
FastDigest Bbsl, 0.5 pL T4 DNA % 4% fif , A
ddH,0 £h 5% %2 20 pL. & PCR X% I #E 47 52 I
37°C 5 min, 23 °C 5 min, X 6/MER,

(3) 7 mT-F2A-EGFP-Donor 44 i ki ) JH]

PCR H AR 23 9147 18 11 EGFP F 2% R 98 1 2% -S it 22 il
(blasticidin-S deaminas, BSD), Jf H.¥/NRILF 4
THER 2% 3% B 1 R iR45 1 000 bp 304 4, 15
2| £ [ PR (left homologous arm, HAL) F147 [A]iE
¥ (right homologous arm, HAR) H B, iliid Gibson
TR 2 F B 2 A 3%
1.2.2  ZHMIIEFR SR ETE  ARATIERE SR I A
0.1% W, 10 min J5 2Bk, SRJ5H4 s (9 B14 2 il #0
3mLIFFRIIRAEFE T 37 °C A RS F- 4 1%
It . E14 5532 2%/ . Knockout DMEM. T4 i iR 40
(100 mmol/L) . MEM-NEAA . G415 . 5 £/6
R . MPEEHR B, AEBE (200 mmol/L) . B-Fi
FZmE (55 mmol/L) FILIF (107 unit/mL), EB/3ME5E
¥ (5 IR PRI LIF, K 6x10°/~ E14 40P T
W R, FRLEiigRa do A2 d W 1 IRES IR

1 pX461-mT-sgRNA T 41 it F Fl mT-F2A-EGFP-
Donor (IR TR 72 4+ 6 BYELBI, /NG 140
B gl Ml &, X 2x10° g it A T i % o Lk 24~
48 hf5, HiFA#®EZE (hygromycin, Hygro) FI
BSD 1% 25 K e SL AT 250 85 95 5 do K 240 s AT
0 240 it e FR VR AL LA 2R B Rl A 96 FLAR T, FERE SR 2
10dJ5, BPATUSCHRBR se B AN I R o R A PCR iF47 %
S, MFES YT K T-HAL-F (GATTGAGCAGTAG-
TGGTCTA) . T-EGFP-R (CGTCCTTGAAGAAGATG-
GT) . T-BSD-F (CCACATACACTTCATTCTCAG) .
T-HAR-R(TCAGCCTCTTCCTATCTCAT) ., mT-F (CT-
GGTCTGTGAGCAATGG) . mT-R (CTCTGTCCTT-
GGCTTCATAA)

1.2.3 RNAM#EE  FH 500 pL NucleoZOL 7t 4354
fift 4 L, B A 200 WL ddH,0, F R 2R %
155, 12 000xg &.L> 15 minJ5, &4 RNA K I
HBZE T LS mL EPE T, AR RN
JERNA, FFEHIFEREYE, £EEE 10 min,
12 000xg B5.0> 10 min, % FiHWE, 433 H 75% i
100% Z PSR VIR, )5 A T+ DEPC /K % i

LSRR (0, 2023, 43(4) (@)
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RNA, BJ5E o i B a0 20K RNA e 5%
4 ¢cDNA,

1.2.4 SEWERBEMEER N AR UT RN AR R
il 52 i E B R A W #E [ N (real-time quantitative
reverse transcription polymerase chain reaction, RT-

%1 RT-qPCR3|¥IFZ]
Tab 1 Primer sequences for RT-qPCR

2023, 43(4)

qPCR) MRS : 5 pL PowerUp™ SYBR™ Green Tl iR
W, 25pL 1 : 10K K5 cDNA, 1 pL 1 pmol/L I
N5 ¥ 1.5 wL ddH,0, 7F Bio-rad ¢ )¢ & & PCR
AL EA . RT-gPCR (51 H1F 9 12 1,

Gene Forward primer (5—3") Reverse primer (5—3)
Gapdh CTCCACTCACGGCAAATTCA CGCTCCTGGAAGATGGTGAT
Sox2 GCGGAGTGGAAACTTTTGTCC CGGGAAGCGTGTACTTATCCTT
Gsc TTGCACAGACAGTCGATGCTACT TCGTTGCTTTCTCGACCCC
T TCCTCCATGTGCTGAGACTTGT CCAAGAGCCTGCCACTTTG
Eomes GCGCATGTTTCCTTTCTTGAG GGTCGGCCAGAACCACTTC
nestin CAGGATTGGGAGGAGGGCAGAG GGAGGCAGGAGACTTCAGGTAG
Pax6 GTTCCCTGTCCTGTGGACTC ACCGCCCTTGGTTAAAGTCT
Sox1 ATACCGCAATCCCCTCTCAG ACAACATCCGACTCCTCTTCC
Dux CCCAGCGACTCAAACTCCTTC GGACTTCGTCCAGCAGTTGAT
Zscan4 GAGATTCATGGAGAGTCTGACTGATGAGTG GCTGTTGTTTCAAAAGCTTGATGACTTC

Zscandd GTCCTGACAGAGGCCTGCC

GAGATGTCTGAAGAGGCAAT

Note: Gapdh—glyceraldehyde-3-phosphate dehydrogenase; Sox2—sex determining region Y-box 2; Eomes—eomesodermin; Pax6—paired box 6.

1.2.5 ZOCWMBMER e R E B 2EO0 il
B RSGE, FEFNAREZRY G Eo 10805 T
PERES G UG, X B9 R IR TR A T
GIE{EEESIRET 3

1.2.6  BRHEBERRAGLL L XF 6 LA B9 40 kA 7 [
OB R ¥ (alkaline phosphatase, AP) 4iff .
FLIA T mL 4% Z R R E, EHEHE 10 min. i
YL . 78 5 mL pH & 8.2~8.5 Y 100 mmol/L Tris-
HCI ¥ ¥ " /il A 2 7% Vector Blue Reagent 1. 2 ji%
Vector Blue Reagent 2 Fll 2 ji% Vector Blue Reagent 3,
FEAR S o B 6 fLAR Y 4% Z R B T,
ATV 1Y PBS U6 2 WS, AT 96 i 47 18 % £ 4
FE AU T SR B o R AT 28 E g R e

1.2.7 A FIARIN W 2% 100N T 15 mL 2§
LT, IMATR A PBSPE2 K, fli FHHIA 1Y 70% £,
BE4 °C[EE . S5, 4°C 160xg#5.0> 5 min, PBS
e 2 RS ALk B S 100 wg/mL #Y RNase A, F
37 °CJLI 30 min, 360xg #5.0x5 min, FF LI, A
LR FE N 50 pg/mL PIY L, = iEEHE 15 min 5, L
it 22N B A AT A A . 4R S {8 T FlowJo
Version 10.8 % {- F1 Modfit LT Version 5.0 A4 %1 i 20
B s A TR AL

1.2.8 AR 7E24 LA ALERD 5<10° 440,
AT H AN IR 6 do 124 h 4 1 0, JRHURE
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TR BRI ASLA AN, 2 U HBOBCE S AR
B . LURBO AR bR, LA RO 2 Ak
LA 5 SN S S 2 e S8 N 2

1.3 Hil“Fnhr

i 3 GraphPad Prism 9.0 & 4 ¥EAT 45 1124 0 #r
A SR HEAT 3 W LA kS FE A S0 . B LA ks
MR ERIR . R HEECR ST FEAS 1A 56 . P<0.05
FoREFHAAGIEE L.

2 R

2.1 4 & pX461-mT-sgRNA Fil mT-F2A-EGFP-
Donor i fi

56, H pX461-Cas9On-2A-GFP it ki H () GFP J
BB ¥ Hygro 541 . ARG, 4 mT-sgRNA WUk v
F| pX461-Cas9n-2A-Hygro Jii ki o DL 4k 15 1F # A9
pX461-mT-sgRNA H 4 ki (F1A). )5, i
PCR MNP HGUE T BRIP4 (1 st (1 1B) . pX461-
mT-sgRNABEAE THE A E B85 T 0 18 M H R
AT E] DL A BUBE DNA WE S, I s 3041 i P /G
DNA B4 # 5t

mT-F2A-EGFP-Donor Jitf. (& 1C) A LL2H DNA
B2 RN (template), MITTTE TH R K (| %465 F
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EX R

Z A4l A F2A-EGFP fric . T RS F IS5 240 1
000 bp [ HAL Fl HAR 43 jl| % #5 /¢ F2A-EGFP (1) I F
Ui 1 PGK 3 )T 9K 3l i BSD 259 i e bm i nl A4
o T 2 B 0 L T R SOR . BAh, #E PGK-BSD
1 T A 2% 45 — A4~ [ 77 18] (19 loxP (locus of X-overP1)

mT-sgRNA A
CMYV enhancer
U6 promoter 3xFLAG
. ~
or1
7
AmpR
pX461-mT-sgRNA
9612 bp
Hygro(R) Cas9 (D10A)

JEF CRISPR/CasOn H AU H o #645 mT-F2A-EGFP 45 Z 4/ NEUEIG Faniaz | 421

JP9 . TEPRIE SN IE B 9 mT-F2A-EGFP s )5, Al LA
i3 A A A 48 (cyclization recombination enzyme,
Cre) fifi 24 1oxP o7 i [0 A A= JE P20, DT A3 50
¥ 21~ loxP {3z 15 [A] i) PGK-BSD 547

C
HAL
SP6 promoter q
/ F2A
AmpR EGFP
mT-F2A-EGFP-Donor

6 998 bp

loxP
ori
PGK promoter
HAR
BSD
loxP
B

\CCGGTGCTGAGACTTGTAACAACgttttnglgctngant lgcngt tnntnggctagtccgttltcncttgnlngtggcaccgagtcggtgcttt

1 + I

l

GGCCACGACTCTGAACATTGTTGCaaaatctcgatctttatcgttcaattttattccgatcaggcaatagttgaactttttcaccgtggctcagccacgaaa

mT-sgRNA

\CCGGTGCTGAGACTTGTAACAACgttttagagctagaaatagcaagttaaaataaggctagtccgttatcaacttgaaaaagtggcaccgagteggtgettt

ACCGGTGCTGAGACTTGTAACAACGTTTTAGAGCTAGAAATAGCAAGT TAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTT

110

120 130 140

Note: A. Scheme of pX461-mT-sgRNA plasmid map. B. Sequencing result of mT-sgRNA cloned into pX461-Cas9n-2A-Hygro plasmid. C. Scheme of mT-

F2A-EGFP-Donor plasmid map.

E1 pX461-mT-sgRNA F#IF0 mT-F2A-EGFP-Donor G FIHE
Fig1 Construction of pX461-mT-sgRNA plasmid and mT-F2A-EGFP-Donor plasmid

2.2 MYy pX461-mT-sgRNA fil mT-F2A-EGFP-
Donor Jiifi
i 3t HL ZE L ¥ pX461-mT-sgRNA Il mT-F2A-
EGFP-Donor JFi 47 % 5% 3] E14 41 i1 h . mT-sgRNA 5|
5 CasOn 2 I 7E T3 A 9 28 11 25 A5 7 BRI 1A T T PRt
VI, e A ) B Bl 10 L mT-F2A-EGFP-Donor
FRC AR AT = R EAB S, MITTAEZE R 2 - TR
25 T 2 Wi 4 A F2A-EGFP #1 BSD #ric . 4 T3
R S RIEHT, F2A 750014 T EGFP #1BSD [ [A]
mhgk (E2A)., HF)R 24 h, By anfe s
55t HRLHAT BT AS ], 38 43 40 2 B0 S e S 8 5 AR T 1Y)
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LIRS o X R 4 PR A s B AR R R Y AR R . (E
PR, TEVRINT Hygro FIR R 8 2 185 35 5
HE SR 3 A, R T A0 T AR AR BT 2 M T AR
FRIEH AR, Moo REZH AR 7 sk (B12B), X
WLIIE ] F2A-EGFP-BSD J7 41 € 483 2 HDR (1) 77 0%
GBHEAT THHFHH

2.3 mT-F2A-EGFP ¥ 5¢ [ 211 1y %

V5 A7 T 110 P G 20 240 b 3 3 A PR A Bk 2 Pl F 96
FLAR A, A AL A0 B o A 4 A LA B 40 S WA R
RATERER R 41 DNA . #7 M IEH ) mT-F2A-EGFP

W R B, 203, 43(4) (@)
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A
AEG S"llOP
T gene | TAG

BSD
mT-F2A-EGFP-Donor

Transfection 24 h

mT-F2A-EGFP

Control

Note: A. The scheme showed that F2A-EGFP was inserted before the stop codon of T gene. B. The cell morphology of E14 cells 24 h after electroporation
with 2 kinds of plasmids (upper left), 3 d after Hygro and blasticidin selection (middle upper) and another 3 d with blasticidin (upper right). The untransfected

E14 cells were used as a control (bottom).
B2 % pX461-mT-sgRNA 1 mT-F2A-EGFP-Donor &l

Fig2 Co-transfection of pX461-mT-sgRNA and mT-F2A-EGFP-Donor plasmid

HTERELNM, U PCR ™ 5 AT BN R IS FEL VK I
T-HAL-F il T-EGFP-R 519 FiF 4" 3 1 2k (1) v BE R /N
91596 bp (KI3AZ); T-BSD-F I T-HAR-R 5| ¥ i
P Sk i R B 1435 bp (I 3A A7) 5 101 F
mT-F Fl mT-R 5| ) fr 4" 34 3 19 7 Bl 3 253 bp (&
3B). XF PCR=“WI R/ 0 va b FEEA T e, e
WiE T SA A IEAR L R A se I T, T2, T3,
T4HITS (K3C),

2.4 mT-F2A-EGFP 4¢G5 1 411 & AT B 5
i1 5> AL s fig
g RS B2 RAT TS A ik o v e A
Fo HETFORIEAT EB 405256 ok 5 502 33k 6 B v [ 201 iy
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M2 BEME ML TR EIER . Ea bl fih, T3
KIAE i mESC [n] Hr N IRJZ & & 1 s R P I, R
ikt 2s bt EB A AL T A B ot = . B AE R EL4
A mT-F2A-EGFP i 5 4l & T1~T5 ¥ BEFEA & mLIF
R TR I SR I P R WY R EB, HIEA BI85
o WHURMER) T 41 RNA (D), LUK EB4rfk
JF% 3 H (D3) fis4H (D4) B RNA, #17RT-
qPCR S 5046 I 22 e A s 2k DX DA B 45 R J2 A i S P
MR, L5 WRBR T T2 M T3 1 fLie ) 5
ZHh, HA 3k i AN &R T1. T4 R TS () EB
Sy AL BE S AT AE R B14 9 JC X ) Bl A Ak R 2EA T
EATHERG Sk L 2R3 22 e ik PR 1) e 3 Y E
H2 (Sox2) WTFIH, NIRZaEIEE T, Kb
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T-HAL-F/T-EGFP-R

T1 T2 T3 T4 T5 PC El4 NCM TI T2 T3 T4 T5 PC El4 NC

L

1596 bp — ﬂHHH*—‘ [

—t
st

T-BSD-F/T-HAR-R

W b ) ) W < 1 435 bp

ST CRISPR/CasOn % A #5754 mT-F2A-EGFP 45 R4 00/NEURIG T4z | 423

mT-F/mT-R
T1 T2 T3 T4 T5 PC El4 NC M

=] ‘ [ ‘ -.e3 253 bp!

L X T I 1 BN T )
C
mT-F mT-R
— T-BSD-F € T-HAR-R
—_— «—
T-HAL-F T-EGFP-R ]f“d (17 831)
vl
3
T4
T5
I 12 000 14 000" 16 000 '
1 000 EGFP  loxP | BSD loxP
F2A PGK promoter |
stop

Note: A. Gel electrophoresis of PCR products with primers of T-HAL-F/T-EGFP-R (left, 1 596 bp ) or T-BSD-F/T-HAL-R (right, 1 435 bp). B. Gel electrophoresis
of PCR products with primers of mT-F/mT-R (3 253 bp). C. Sequencing results of T1, T2, T3, T4 and T5 clones. Primers used for PCR were also labeled here. PC—
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Fig 4 Relative expression levels of marker genes during lineage differentiation of mT-F2A-EGFP clones
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