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E T CRISPR/Cas9 R G i) TIA 1 E [E =R ZT Y

ANEFZRETHmA
FRRE

RO 55 BEARE R, &8 230601; 2RIk A dr B4 7T, 31 518083)

FZE A F CRISPR/Cas9ik B % A M ETIAL-P32L R & 9 Ai55 % 45T @e(iPSCs) &,
FAEH A B AP R, AAER TIAL R T -F BIE L M & FALIE (ALS)H) 4T Huh) B 25 49 i it
RAEmIeAER . A F CRISPRAE K T %7t sgRNA, J H A 5| pX33084KF | 3738 £ 4 Bl RA
FEME B BRBAR P | B A R BAR ) Yol B AT R RARAF R R Z 4049 Donor/i 42, H
sgRNAF= Donor/fi #1 ] B .45 2| 27 & A iPSCs A C11 9, 2 G4184utk i ik k1T 8 %1%, #| A PCRA=
Sangeril| % & A B A | KA Western blot5 2 TIA1 & & R AL, FRAEE SN, RAKALE.
& R4 K PCREAIEIR (EBs) = A8 B o 4bst TIA1-P362L K % 69 iPSCs & ¥HAT % A % 2, il ity
#| SMADAZ 538 3435 5 iPSCs -t A 15 )4 27U A 4§ IR IRIE, AT R ) 3 2 B A TIAL-
P362LE K #9iPSCs &, #Z 0 fit % E% R A TIA1Z &, BA % 441 B4k 1L HiE sh4P 270, 1§
BATIALEALS Ja 6945 B B A £25 3L,

X##i8  TIAL; CRISPR/Cas9; WIZ4a M= AEAAE; N 5T 2 Ae T4, issh 4o

Generation of Human Induced Pluripotent Stem Cell Line Carrying TIA1
Gene Mutation by CRISPR/Cas9 System

LU Yuanyuan', AN Yanru**

(‘Institutes of Physical Science and Information Technology, Anhui University, Hefei 230601, China;
’BGI-Shenzhen, Shenzhen 518083, China)

Abstract Using CRISPR/Cas9-mediated genome editing, a human iPSCs (induced pluripotent stem cells)

line carrying TIA1-P362L mutation was generated and differentiated into motor neurons, providing a useful cell model

for studying the molecular mechanisms of ALS (amyotrophic lateral sclerosis) and drug screening. sgRNA was de-

signed using the CRISPR online design tool, and was ligated into the pX330 vector as the targeting plasmid. Mean-

while, left and right arms for homologous recombination were amplified and inserted into a Donor vector, which was

mutated subsequently at target site to construct the Donor plasmid for mutation. The two plasmids were co-transfected

into the iPSCs line C11. After screened for G418 resistance, single clones were selected and expanded. PCR and

Sanger sequencing were applied to validate the genotype of the selected clones. The expression of TIA1 was identi-
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fied by Western blot. Pluripotency of the TIA1-P362L iPSCs line was analyzed by karyotyping, immunofluorescence,

quantitative reverse transcription PCR and three-germ-layer differentiation of EBs (embryoid bodies). The TIA1-

P362L iPSCs were further differentiated into motor neurons by inhibition of SMAD pathway and immunofluorescence

was used to validate the expression of specific motor neuron markers. The above study demonstrated that an iPSCs

line carrying TIA1-P362L mutation was successfully constructed, which had normal pluripotency capacity and could

be differentiated into motor neurons, providing a resource for elucidating the role of TIA1 in ALS disease.

Keywords

tor neurons

WUZE45 M Z AFALAE (amyotrophic lateral sclerosis,
ALS)J& — i e K FVE 632 sh AP 48 TG B2 5 S 1)
PR IBAT T . ALSS 5 — Rl 22 38 47 M 7 973 451
MU R (frontotemporal dementia, FTD)H A AHIH] [
P BRI AR AE W ALS 32 B0 M 3 5 Jo 55
AN RE ) AT K A BEIE & ot (Lis st s
JG), PARHGT 2B B L B B BEIE 2 & o0 (R
BHIETT). ERZEIENLT , ALSHERIGE, KR
G FI F i N 2~54E 3, ALSHI ALS/FTDYRR 1 FR4 9
DRI ] 23 2K« pH 2R R A8 5| IS i X I 1 ALS(family
ALS), 5 ALSHI 5%~10%; FI¥8EE 2= 51 R iUk 1t
ALS(sporadic ALS), i ALS190%~95%. 124 N1k,
CUA L 50135 [R5 ALSFI FTDI) 5 e AT HUR t
TR O, R A B AL B (superoxide dismutase
1, SOD 1) Rl 55— AN R IS5 ALSHH G L R,
FRAFA) |5 S ALSIF 15%~30%, HUR T ALSHI 2%
HoAt 32 52me (1) 5 R B0 45 B 5 LI C9ORF 7217, FUS®
M TDP-43101 XA W) HNRNPAL. SOSTMI .
VCP. OPTNFIPFNI",

5T A W FCIE BH, T4 i B ) 1 200 A P 70 5 1(T
cell-restricted intracellular antigen-1, TIA1)RAF &> &
FALS/FTD'> B, TIALZ—FRNAL S ENH, §F
TCIF S5 K038, 75 5183 A0 43 B W BTG At L 35, B 9%
RIUAETE 7 S5 My R A7 E P362LRAE , TIA1-P362L
T — /MR SR I BUP 5 R SE R RAF SRR 2 RASHE Ay
T RIWHA RKERE . EH. TAR DNALS
A8 [ 43(TDP-43)BH 14 A I8 R T 1l 1) 4 28075 B2 2
fiE o [AJEF TIA T R SOWUR (stress granules, SGs)fF)H
B B SY, TIALF 5875 AT 6 5 08 UL (1453473
T FELALS R KA. ALS/FTDHTIA1 AR K
PRI T B9 RNAAR AT SGs3l /1275 ALS/FTD &
ML AR EE . BT S5 ERAT R
(R B2 ML A, TIA VBAE il 1E 5 ThEE AT (i 2

TIA1; CRISPR/Cas9; amyotrophic lateral sclerosis; human induced pluripotent stem cells; mo-

REEEA, 5 RIC 2B SE D REAH G M, T
it TIAT DI RERE AT BT 1 B TIA 1S HoAt 513 ALSH)
RNAZE & A M HBUR@REZ RIMERR. Bk, &
T3 A H N5 3 2 i 401 (induced pluripotent
stem cells, iPSCs)FEA ), #4% TIA1-P362LRAL 1)
iPSCs R IF T H /- RB B4 T6, R FTIX — 5
A7 S U AL S KI5 ML R 245 1036 97 52 41k 20 Jfa A
R, iPSCsHAR MR 7R T3 Fh 4t i 5 i 16 28 i
(embryonic stem cells, ESCs)7 2 K 1A 1 F1 Th fig L
o3 ARARL, FF HLAT EASRAMESCs A6 2 ] R0

1 MR5EE
1.1 FEMRS5KF
111 s=EepA RAVMEA 1 B AR M= A= 1
NiPSCs % C1117; Bkl pX33008 H 5% [H Addgene 2t
A ; A pl452-pGK-neo-loxP. pKD-Cre/ii ¥ HH2E #
S M.
1.1.2 %39X#%  Bbs1. BamH 1. Not1. EcoR 1.
Sal 1. mTeSRIFFF3,:. Advanced DMEM/F 12555
. 0.5 mol/L EDTA. Trizol. Knockout DMEM. L-
A B 1 35 [E ThermoFisher A ) ; #% R ZL AR
TIE LG AR E ARG A F]; Stbl3 B3z a4
Rl B 223t SR AR BA BR A 5 ; SYBR Green
W H E HEAYFEAR AL ) AR A F ; DMEM/F128%
F2H . NeurobasallF7R3L . B-Fitk 40E. DPBSZE
Wi E 25 E GibcoA 7 ; Y-27632. DAPT. SB431542
k) 5 1% [&] Tocris Bioscience2y @) ; Accutasellt H 35
ICTA®]; CS10. MatrigelZ& iR 4= C. M
BIE . 4% % R H 355 [E Sigma A |l 5 BERSIZ |
LDN193189. CHIR99021 H 3 [E Stemgent A 7 ;
FGF8. BDNFLL K HifA VIMENTIN. SOX1704 H 3%
R&DA F] ; GDNFEI H 3£ [E Peprotech/A 7] ; Insulin
WH FE S REMEARAIRAF ; BSAIEHER
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Genview A | ; o 8 5 /MR & R BRI £
J TSR B B )N e AR A IR A A H
AR £6 3£ H LonzaA ) ; Hi/k PAX6. OCT4.
SSEA-3. TRA-1-60. TRA-1-8104 F %% [E Abcam A 7 .
1.2 5%

IREL TIATEE R 731, 7256 125021 (35 949-39 350
FEH)RTEI A F XN EZR AT sgRNA, WEFEVT /3L
B IsgRNABH T4 H(FR D), K& i ff1sgRNA F ddHO
FBEFRIE N 10 pmol/L, sgRNA-FA1sgRNA-REL 1:1# EL
BRI ENPCRAC A TIR K, [ B2 A4 95 °CTIAR

1.2.1 sgRNA#ESREF X B RGME  HNCBI

=1 314955

Table 1 Primer sequences

10 s; 85 °CAZH: 1 min, {5351 min/5 2181 °C/sfryH %

EIEZER

Primer names

SIMIRFAI(S'—3)

Primer sequences (5'—3')

TYCZ-TIA1-sgRNA-F
TYCZ-TIA1-sgRNA-R
TYCZ-TIAl-left-F
TYCZ-TIAl-left-R
TYCZ-TIA1-right-F
TYCZ-TIA1-right-R
TYCZ-loxP-P362L-F
TYCZ-loxP-P362L-R

CAC CGTAGG TTC CCT ACAACG AAAA

AAACTTTTC GTT GTA GGG AAC CTAC

CGC GGT CGA CGAATT TAG TGG GCT GGG CGT GGT AG

CGC GGAATT CCC TAC AAC GAAAAA GGAACATTATAC

CGC GGG ATC CGG AAC CTACCT GACTCTTTC AG

CGT TGC GGC CGC ATT GGC AGA CAT CCAGCATCTTGT T
ACCAAATTATGG AGT GCAACT GCC TCAAGG GCAAAATGGC
GCCATTTTG CCCTTG AGG CAGTTG CACTCCATAATTTGG T

left+gene-F1 CACTGAGTTTGATGCTAGTTGTTG T
left+gene-R1 CACAGC TGC GCAAGGAACGC
right+gene-F1 GAG AGG CTATTC GGC TAT GA
right+gene-R1 AAT GCAAACTAGAACTGCACACTAC
SOX2-F CCCAGCAGACTTCACATGT

SOX2-R CCTCCCATTTCC CTCGTITTT

NANOG-F TGAACC TCAGCTACAAACAG
NANOG-R TGG TGG TAG GAA GAG TAAAG

OCT4-F CCT CACTTCACT GCACTG TA

OCT4-R CAGGTTTTCTTT CCC TAG CT

MAP2-F TGG TGC CGA GTG AGAAGAAG

MAP2-R AGT GGT TGG TTAATA AGC CGAAG
SOX1-F CCT CCG TCC ATC CTC TG

SOX1-R AAA GCATCAAACAAC CTC AAG
PAX6-F TCT TTG CTT GGG AAATCC G

PAX6-R CTG CCC GTT CAA CAT CCT TAG

SNAI2-F CAGACCCTGGTTGCTTCAA

SNAI2-R TGA CCT GTC TGC AAATGC TC
HANDI-F CCAAGGATG CACAGT CTG G

HANDI-R CGG TGC GTC CTTTAATCCT

CDX2-F CTG GAG CTG GAGAAG GAGTTTC
CDX2-R ATT TTAACC TGC CTC TCA GAG AGC
GATA3-F TGT GTG AAC TGT GGG GCA A

GATA3-R TCT GAC AGT TCG CACAGG AC

GATA6-F ACT TGA GCT CGC TGT TCT CG

GATA6-R CAG CAAAAATACTTC CCC CA
FOXAI-F ACTACT CCT TCAACCACC CGTTCT
FOXAI-R TAT TGC AGT GCC TGT TCG TAT GCC TTG
ACTB-F CCCAGA GCAAGAGAGG

ACTB-R GTC CAGACG CAG GAT G
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IR.%525 °C, 25 °CHEMH1 min, {471 min)5{2080.1 °C/sf]
HERFE A 16 °C, 16 °CHRlE. IBKJG, LA DNA
B W H T E8sem.

FiBbs Tl IpX330%44, 1% 35 G A kI ik 4T
HLPK, SR FH R [ R) e tiAn B =4, e 2hidk
S B BRI BE, F H 5B K S [ sgRNA M Solution 17
R, R 10 LM FI100 pL E. coli Stbl3/E
ZEM A, SE B RPUERLBRE A HR37 °CRl K
A, BB R BRIUR T RE & R P LB MRy
FrHEF, T37 CCRRIRIE Y K7, 2 Gkl EN
B 2 /N R TR ER BRI S U B P AR BT R,
DA SRR P, 5t K RIS 22 SR AE B R
AR 2 =T -

122 Fl/RZ4ADonot/f #269##&  CRISPR/Cas9
A PL5] A DNAXUEEWT S, 120 50 R FH [5)J5 5 26 Donor
JFRRLAE N BEAR AT K 9748 | Donor J R (1B 2R 25 ik
Npld52-pGK-neo-loxP({&i FloxP). Donor /i 15 11Ul
BT, (6L R 25 51 sgRNA D) EIAT 2575 1 43 31)
W51, FEARYE loxPJFURL G (] 2) 78 AR B ) g
VIAL AL, il PCR S 3415 3 2e A5 [R5 3k

Gene locus —— —”f,f*

Donor plasmid

L-arm

loxP-PGK-neo-loxP .

NE BREAR loxPH 58 1% Donor i B A4 8 . #4% Donor
kLI AR R i 2 517 A R s o

M A A PRI« 56 PCRY IS4 B (R-arm),
PCRZ/F M 0.5 pLEEAR (C11 gDNA). 12.5 uL KOD
ONEf#. 10.75 uL ddH,O. 0.75 uL5|#)(TYCZ-TIAI-
right-F. TYCZ-TIAl-right-R). [ 261 H: 98 °CTHiAR
£ 3 min, 98 °CZEM:10 s, 61 °CiB K 5 s, 68 °CLEfH S s,
2~ IL30MEHE, 68 °CLEfH2 min, 16 °CIRiE. H1%
TR NEREEE AT Wk, IR RO & A4lifh H 174
R-arm, M & HIKE . FH BamH TF1 Not 18§ Y] loxPJFi $i
gl 5 ¥ R-arm, FRR BIWCGRI G4 T 24k, I &P
FHIIMIE . H Solution IMRIGIX P& AT L, N5 HE
1k, JREUF K. FHAR R ) PCR S RiAA 28 A0 s o7 46 1E 45
B 7658 (L-arm), B RISCGR T G 4ti4k L-arm, H EcoR 1
H1Sal THG )% AR loxP-right Rl 464K J5 A L-arm, FH B (A1
WA BB T a1k, Fsolution TEERZERE, FAk, FREUTUHRL,
LU 53 3 left-loxP-right U o

$EAE M TIAL-P362L A2 1] left-loxP-right
JFRL, R 8 PCRIV 712, PCRIRSAR Z A0 25 pL
KOD ONEf#. 1.5 pL5|#)(TYCZ-loxP-P362L-F.

q/{ CRISPR/Cas9 cutting site

ST 7] B

Mutation \
\TIA1-P362L

R-arm

&1 Donor/RHIAEREE

Fig.1 Construction of Donor plasmid

E2 loxPFAIEE
Fig.2 loxP plasmid map
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B3] 245U P R 9,
REEFR, B 41 FH A R R A e U K 2 DNA,
HATPCREE .

TYCZ-10xP-P362L-R). 50 ngt##i (left-loxP-right), Jil

ddHO%MEAARFAFN 50 pLo 464N 98 °CTRAE M
3 min, 98 °CAEM:10 s, 60 °CiE K5 s, 68 °CHE{H 1 min,
2~ 5 FISANMEIR, 68 °CHEH12 min, 16 °C{#iH . PCR

255, HDpn WREVI 2B IR T0RL, AR RIS & 4l

WH B, MR HIREE, #ei, SERUFRL, X142
TN A EARAG R AR e, e i A

575 () left-loxP-right i KL T i 45256
1.2.3 TIAL-P362LR T 4nfiL % 6432 5 Ao 2L R A 0 25

(1) TIA1-P362LZAZ 4 i A ) 3 57
FEOFLAR H I C 1140 J 25 B SN 70%0, 4% Lonza
UL R, TAEBEAUN A-023, ¥ sgRNAFI

Donor 5URL— kS HL A HELH L, P34 JFURE (1 B4R

5 ug. 72 hfEIMA100 pg/mLI¥GA18FEATFik, HiHE

MM RIFE TG BUINZS 5~TR . e FERE IR B iR

/I, FAmTesRAY 5 77 HokE 250 e AR S 1) ROk, IF
Tl B2 1% 70% DA _E I 4R S

(2) HITFEPCRE E
PCREI i+ 3fT 7~ . 7246 A ) neo i P

o7 s S DRV 2L e A RS # BT i o3 B

Yo, SIIFP AN VBT , A8 =X 51 ) left+gene-

Fl/left+gene-R1. right+gene-F1/right+gene-R14

left+gene-F1/right+gene-R 14371347 PCR7 i , Hhik

—IRPCRYJAESAS Hbr i BER/M b, B B H
bR B R /INFIPCR =35 1

(3) Cre-loxP V) B 5256
T FH A2 (R YR B AL ) 5 32, fE RS R4 A g A\

Gene locus

Donor plasmid
L-arm

Target locus

left+gene-F1

loxP-PGK-neo-loxP e

left+gene-R1

DNAF B, AT RES LM TIA 1R A IR IA, FIH Crefi
DIBR1oxPA7 i 2 [0 FIDNA A B o X i ide Hi ) 9848 7
W B 4% pKD-CreJii ¥, HLAL 73500 AR RN, A&
P N — A pKD-CreJii bi(F & N7.5 ng). HEJEH
MRS IR R, FH1 pg/mLIEES KA FE3~5 K, ARG
Sy EAMEAT G . FEATPCREE . T AR
RIELEE.

1.2.4 mjez e %%

(1) 2o Hr

¥ 6FLAR H 4f 2 LR B 70%K, A 0.2 pg/mL
HIRK KAWL 2537 °CAEFEI0 min, FH AcctuaseyH it 7 min, FH
DPBS#t— /XK B2 7E2 mL DPBSH, 68 Mk 34E
VIR RA R AT A o

(2) %t EPCR(QRT-PCR)

FqRT-PCRAZ M EAZ iPSCs & % fig 14 3
(SOX2. NANOG. OCT4)[MEKIEEHL, ¥4 iPSCsHefh
T4 Matrigel (1) 6FLAR T, 440 H % B2 212 70%
i, FH Trizol 2@ 4NHE ,, ddH,O. 7 A BEFHIE S RNA,
15 F poly-dTiREAT [ 4% 5673 1| cDNA, DA AR i
FSYBRY¢ M 44kt #4T7qRT-PCR. FTFH 51L& .

(3) SIEHR I Y th

244U P 4B B A 1E RN, 4% 2 R
/% [ %€ 20 min, 7% 3% BSAF10.2% Triton X-100]
DPBSH} 11 h, 285 I1— 5t (MR L4515 1:100) 4 °C
HREE, FIN PuFR R LGN 1:500)F IR B 1 h,
Frik 2 Re PR . OCT4. SSEA3. TRA-1-
60. TRA-1-81.

(4) W TESTR T

FHPSCsK HIDNAZL i W 30 AT LA, $2 UK
HDNA, J52:STRA M ) M LA H AR A R A

X CRISPR/Cas9 cutting site

Mutation
TIA1-P362L

R-arm

loxP-PGK-neo-loxP

right+gene-F1 right+gene-R1

El3 PCREZESIMIEREE
Fig.3 Schematic diagram of primers designed for PCR validation
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CHIR99021
SB431542 Passage Mature MN
LDN193189 | | | | |
PSCs 1 | | | |
Day0 2 4 10 14 24 40
Retinoic acid T T
Purmorphamine —M —> Mitomycin (1 h)  Immunofluorescence
TIA1Y, TUJ1*, ISL1",
HBY*, CHAT*
E4 Bzt atr=E
Fig.4 Schematic diagram of motor neuron differentiation
REELT Fm BN BT Lo R R A CS10+Y R A7 .
(5) S JF AR A Day10~Day 147 773 4 N2B2 745 77 3 it BDNF(20

oL 4R K B 70% 0, B mLid % 15 9% 1
REFRIEIE & ERFABE T N AE A 2 2 5 {d BRI 9 B
X1 TR A ZE ARG o

(6) iPSCstAHM A fig JuA I

7 6L P 4R K 3] 70%I5, F Acctuaseid fh
gif, %, BL10 000/ /4L A 40 i 25 B 2 3] Ag-
grewell™ 8004 #1, I\ mTesR+Y 15 7# 515 9%, 45 —
K EBR; 77 % (KnockOut™ DMEM®; 77 % tf i A
1% A &2 WM. 1% NEAA. 20% KSR)K 40 i 4 7
BRI RE IR, 3~5 R — IR, 5 10K IR
I3 T BT FUE 4 FH Trizol 24 R H2 U RNA, H qRT-
PCRAGI 434k J5 (I EBs I 4h iy P9 3ANIEJZ (14
SPEFER (MAP2. SOXI. PAX6. SNAI2. HANDI.
CDX2. GATA3. GATA6. FOXADWIZELFEN, 5149
JEAIILE 1o [RIS 28 10K FREGH 43 T S s G 1)
EBs#:#% #l|Matrigeli =R b, 55 15K & & 4, UL
R FIRED BRIAT e 5Ot Je s, B BiiAA: PAX6.
VIMENTIN. SOX17.

1.2.5 #F % 4T @& B s)4r 2 L6 51k
B UL AN 4T RUY, £ 6FLAR 41
K 270%0F, H Acctuase?d b B4 iy, T4, PARFFL
40 5 A 2 6FLAR Y, IimTesR+Y #5757 2E, 25—
FKs HA i N2B2 785 7% 5 (DMEM/F 12:Neurobasal
Ay 1:1, 10 mmol/L HEPES. 1% N2. 1% B27. 1%
L- & 5 umol/L4EA K Cy 20 pg/mLIE S %)
HICHIR99021(3 umol/L). SB431542(400 pmol/L).
LDN193189(0.2 pmol/L)A ¥, itfF Day0, £ Day3/il
ML EE (0.1 umol/L), Day4~Day 1085353 5y N2B27
W FRFEINAL R (0.1 pmol/L). MEIA i (1 umol/L),
Day 104 Hif #ifi 1 2 5 -L- i 2 B2/ ]2 R 2R B I 6 FLAR,
H AcctuaseVH AL 4017 min, %, LAAEFL 1507544

ng/mL). GDNF(10 ng/mL). DAPT(10 nmol/L),
Day 14 22543 % (10 pg/mL)ALFR4HAE1 h, 1 h)5, %
Fras R4, # EN2B2755 754 1 BDNF(20 ng/mL).
GDNF(10 ng/mL). JZR&EHEE (1 pg/mL), J&
2~ 3RH— IR TERE 7R3 Day24 ), FITIAL. #14
JohRC) (TUI) g st 4 sohrid 4 (ISL1. HB9,
CHAT)HHAT e ROt G (1

2 FERE5SH
2.1 sgRNA-CasOFRIAHAFMERLEE

Ji LB AR pX 33048 Bl 14 9 VI g Bbs 1Y), 15
BB, [ R e BRI R K E )
sgRNAERE, FIE T H T R 24 pX330-sgRNA, 7
4 LR B R 1k sgRNA ) TR 22 1 ) o
2.2 DonorFRHIHIE K ETE

PLCTIEERIZH AR, sevt 514, £ 5170 B in
EERIEE V)AL, B PCRIR S 815 31 /e 47 B
Bt Y18 Y4 Sal TR EcoR 1REY], B N H 42
ARG 2 FE 2 ORI loxP-right, /&8 %4t BamH T Not 1
Wi )34 N loxP-right o115 21 55 41 JJT K left-loxP-right,
SRJE R RURAAEA P4 T 5] AP362LRAS, 193
[ Y5 2 2H 7Rz Donor-TIA1-P362L, 545 S 1 el 5t
TNo
2.3 TIA1-P362LRERIIPSCsHIENL S5 E
23.1 PCREZ  HHFEEadimE Ry K
g%, $RHUE R 4 DNASEAT PCRE &, FIH 514055
left+gene-F1/left+gene-R 15 right+gene-F1/right+gene-
R1, %7€ 1 PCRYHCEE 7371 9 1 862 bpAll 1 992 bp.
5|95+ left+gene-F 1 /right+gene-R 1) PCRf=4, B 4= 7Y
K EEAT 767 bp, A neofdi AL 1K 43 662 bp.
g on A AN RR (1-14. 1-26. 1-38. 2-7)H %,



FElRIRSE: F T CRISPR/Cas9 5 Gt 44 i TIA 13k K 53748 1 N

AR T 5B K neobu LR Fr B, HOX 44 4 Ak 11
FERH EEA TIAL-P362LRAS (K 6A~E 6C). HIE
X LA BARAN AL, TR AR R, PRI 4 2-740
Pkt — Al Pk 540 i (96 LAk H 5 ), PCR
Y e EE R OR e BES A9 EL 1 XS A7 JE R I 4d N
PCR™ Wil Fp 45 R W on s BES N9 & 2R & T3 IR

SL TR 1357
A5 (E6DAN I 6E)
2.3.2 Crefaipthss & 1E %5 5 A Bk e B 19

TrLkE, 7E 195 o kE B A N\ pKD-CrefsikL, 2215
W R B L 5 SRAT B e B, I S R B se B T 51
left+gene-F1/right+gene-R 13117 PCRE &, &t H
VMM Fr 25 R0, sefE 19-11 1920 19-34 19-7.

P362L CCG>CTG

ggagtgcaaccgcctcaagg
‘GGAGTGCAACTIGCCTCAAGG

ElS Donor-TIA1-P362L BRI LER
Fig.5 Sequencing results of Donor-TIA1-P362L

(A)

left+gene-F1/left+gene-R1

f;h-------- - A.d |

-
Y

©
1-14 1-26

P362L CCG>CTG

right+gene-F1/right+gene-R1
M1-71-141-231-241-261-27 1-351-38 2-7  1-71-141-231-24 1-26 1-27 1-351-38 2-7

P362L CCG>CTG

(B)

left+gene-F1/right+gene-R1
M 1-7 1-14 1-23 1-24 1-26 1-27 1-35 1-38 2-7

bp
5000

3000
2000

1000

1-38

2-7

P362L CCG>CTG P362L CCG>CTG

tgcaaccgcctca tgcaaccgcctca: tgcaaccgcectca: tgcaaccgectca

TGCAACCGCCTCA TGCAACCGCCTCA, TGCAACTIGCCTCA, TGCAACCGCCTCA

b s, ool sl

left+gene-F1/right+gene-R1
M 5 6 10 11 13 15 16 17 18

(E)

5 19

19 22 33

P362L CCG>CTG P362L CCG>CTG

gcaaccgcctca gcaaccgcctca

GCAACCGCCTCA GCAACCGCCTCA

sl aaaakalotan

A, B: PCREESE R C: FUFE1-14. 126+ 1-38+ 2-7HIINFP 45 JL S0 /R ¥EAT 2R A2 /A8, D ik 2-74) B 70 B2 JE PCR &S S8 45 e %S 19F H

PR/ BY); B wifES. 199745

A,B: PCR identification results; C: sequencing results showed mutation at target site in clones 1-14, 1-26, 1-38, 2-7; D: PCR analysis of single-cell
clones from 2-7 cells (clones 5 and 19 showed correct insertion); E: sequencing results of clones 5 and 19.

El6 PCREEMMFLER
Fig.6 Results of PCR identification and sequencing



1358

CBRE T

(B) The sequence inserted into the genome after Cre enzyme digestion

ttcgttgtagggaa
TTCGTTGTAGGGAATTCCTGCAGCCCAATTCCGATCATATTCAATAACCCTTAA!

oot |

cctacctgactettt

'AGGTCCCTCGAGGGGATCCGE CTACCTGACTCTTT

© (D) &
19-1 192 193 CACASCEIRS
P362L CCG>CTG P362L CCG>CTG P362L CCG>CTG TIAL |- — - I
gagtgcaaccgcctcai gagtgcaaccgectca gagtgcaaccgcctcas $&

GAGTGCAACCGCCTCA/ GAGTGCAACCGCCTCA., GAGTGCAACCGCCTCA/

N N R
O Y

Vb e, iy Aem™ ===

As B 195 5@ BECrefiH ) JEPCRAII T 4558 C: 7up19-11 19-2. 19-3 PCRA“AINF 45 49L: D: sibE19-1. 192, 19-3 TIAIE [ARIALE R,
A,B: PCR and sequencing results after Cre enzyme digestion of clone 19; C: sequencing results of PCR products from clones 19-1, 19-2, and 19-3; D:

Western blot showed TIA1 expression in clones 19-1, 19-2, and 19-3.

E7 Crel§]/FPCRANFFLE K& Western blot TIA1ZE AFRIALER
Fig.7 Results of PCR identification, sequencing and Western blot of TIA1 after Cre digestion

19-8+ 19-113E K 2H - loxPH [H] 4 N A BEw bk (K
TAFIETB). E£E19-1. 19-2. 19-3HEAT I J2 West-
ern blot$ 7€ , 45 R EIRIX =N 7 FE A TIA1-P362L
AR (E7C) I HILTIA L [ 1EH F£iA (K 7D).

233 CII-TIAI-P362L iPSCs % bt 52 ¥ oilk
19-31 4 N C11-TIA1-P362L, ¥ KI5 9% I EE L 4%
R % E, i REFER K, SOBEL%EN, 4
f A KR AS R AF (B 8A), SR ARG I 285 J A BA
STRAG I 25 3% B T oAb 4 R A8 X5 5. 1ok,
AL M 45 LW C11-TIAL-P362L F I IE 7
(146X X% A (K 8B), TEME R AN Rk fE b e
PRI AS KA. qQRT-PCREE 45 KW, Cl1-
TIA1-P362L [ NETEZ et K SOX2. OCT4 A
NANOGH ik KPR JF 4 iPSCs R C11H Y
FIEAKT AR (F8C). ik ik eyetast Rk
B, NG T4 br £ OCT4. SSEA3. TRA-
1-60. TRA-1-817E C11-TIA1-P362L ¥ i % £ ik
(KEI8D). B4k, C11-TIA1-P362L £ F 5 37 1 i

PR BR U8 7E R 8 15 2 261 T B Rk, SRS EE
W. . SAENEE AN, £ mRNAKTF L, W
(GATA3. GATA6. FOXAIl). " (SNAI2. HANDI.
CDX2). 4MMAP2. SOXI. PAX6)E 2% FEH
BERIE(K8E). i btiEn, WIREREY
VIMENTIN, H1i 245 EYISOX1 7 ISMNE JZ bR £ 4
PAX6FRIEEINFEYE, Wi C11-TIA1-P362L A % =
R Z AL BE 11 (K SF) . 25 E, FRATFT I 1 #5715
ALSEUR 3E K TIA1-P362L R4 FI 40 il R B A £ A
P,

234 BEHFZ AN FECI-TIAL-P362L73 L
B 5 V4RI, AT LG B4 0 2 5 4440 B 1K) % R (1B
9A), FIFE28K 1] LU EZR3Z Bl 40 22 To A% 4H M T 1k
SRR, B A0RN, Bahth & ok, v LA F
RE R R e R BT TS
F1 (B 1I-tubulin/TUJ1), Miga#h & ok mtEds £
HB9. ISLIMCHATIE¥3IA, iEWC11-TIA1-P362L
REHR St N shi & oo, JF H TIALEE sh#f
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24 8% 60 g% )l
(©) (D)
103
DAPI/OCT4 DAPI/SSEA-3 DAPI/TRA-1-60 DAPI/TRA-1-81
E 104— WCII-WT MCII-TIAI-WT ®C11-TIA1-P362L
2.
5f
‘2-E 104
L=
o, .
& 104 I 100 pm 100}_tm 100 pm 100 gm
10 5 3
0 N &
o & &
(E) (F)
104 = ® CII-TIAI-WT ™ Cl1-TIA1-P362L
3 105 DAPI/PAX6 DAPI/VIMENTIN DAPI/SOX17
£ 10
2
AQZ) 10" 4
3 100
g
g 104
§ 100 um 100 pm 100 0 pm
A 1024

X N\ 6 3 b,\
& @0 & so* q»* @ & o* N &P

PL EC ME EN

A: HHIRIERS; B: 850 H0T; C. D: Z eV FRIAqRT-PCREE RAN Gy V45, Ev F: EBs#AMr b N, e A= Z 871 1qRT-PCRE
MG 4
A: cell morphology; B: karyotype analysis; C,D: qRT-PCR and immunofluorescence showed expression of pluripotency genes; E,F: qRT-PCR and im-
munofluorescence showed in vitro differentiation into three-germ layers from EBs.
&8 C11-TIA1-P362L iPSCs% BE ML IE
Fig.8 Validation of the pluripotency of C11-TIA1-P362L iPSCs
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(B)

DAPI/ISL1

100 pm

DAPI/TUJI/TIAL

100 pm

DAPI/HB9

DAPI/TIAL

100 pm

Day40

DAPI/CHAT

100 pm

100 pm

A: C11-TIA1-P362L40 [ 1% G Mg sh i & il FEh 55 14, 28R40 K AN ARIE R, B: AuE v Y il B G H I8 B 4 L RIETIAL #1400

HIAR EPITUI LA S IE B 2 a4 - PEFR EHBY . ISLIFICHAT,

A: cell morphology at day 14, 28, and 40 during the differentiation of C11-TIA1-P362L into motor neurons; B: immunofluorescence showed the expres-

sion of TIA1, neuron marker TUJ1 and motor neuron markers HB9, ISL1, and CHAT.

E9 C11-TIA1-P362LAAR S L RIS ENHE T
Fig.9 Differentiation of C11-TIA1-P362L cells into motor neurons
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HT, AT H RNABY 32 F A7 22 5 T T g 950
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BRL, SHEREE ALSHEIR 1) 7T AN 2593697 77 %
SEELRE, LA TR 7 2 E AT R
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