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E T CRISPR/Cas9$i RH) GATA-1 B E Fy bR
K562 20 A0 2 HY4a 32

TNV RO BB #kmT ZAAY K OE
(W7 2 R BRI e, BT 2 453003; 2T B 70 T2 W 5 B 2R g HoR U [RGB 2 453003;
W SRR B2 B, B £ 453003; 4 mE TV K SR E B, B £ 453007)

#E  GATA-1(GATA binding protein-1)& % 5401842 % &R & £ 4942 TR R T, A
fofe EAZ e b 5t g kik, BT ATHXARNERELAFEM 22 hmy oL FH
WA R EFZER. AR KA CRISPR/Cas9 K AFK56248 it & 69 GATA- 1R Bl skik, 25 7
GATA-1 R 3LRKS624m itk & 2k, %3t T 4/CRISPR# ¥ &) 1% %, 4|l pGL3-U6-sgRNA-PGK-
puromycin/ft #2427 4/~ F ®RNA(single guide RNA, sgRNA)#HAR, F|F & F JL#Y) 7 % FFsgRNA
BAR L Cas9BFARPST1374-NLS-flag-linker-Cas9 £ 44 K5624m e, 4% 4248 h, £ & £ PCRA=T7TEN1 A 4]
Bl i) % 2 ), KR A AR ik w2 B & Jf ik, & 5N 5 F=Western blothe | 4: R 2 =, A H)
12 T GATA-1 3 B SR KS624m ok, 4 % HK562-KO GATA-1. 128 BRI & A AX i R 09 5
A A 45 F- & A(glycophorin A, CD235a)& I, 5 E % K5624m A0k, K562-KO GATA-14m itk
ZHeminhF L 2 LA 2 2404, ZLE, AR E LT SURGATA-189KS5624m e %, ~T A T /&
4 3% AR KA

F4#18  CRISPR/Cas9FiAR; K56240l; GATA-13E A ; 41 2734k

Construction of GATA-1 Knockout K562 Cell Line by CRISPR/Cas9 Technology

Yu Haichuan'?*, Wu Jiao®*, Zhai Pengfei’, Yao Ruining', Ma Yueyue', Sui Juan'
('School of Laboratory Medicine, Xinxiang Medical University, Xinxiang 453003, China; *Henan Collaborative Innovation Center of
Molecular Diagnosis and Laboratory Medicine, Xinxiang 453003, China; *School of Pharmacy, Xinxiang Medical University,
Xinxiang 453003, China; *Institute of Physical Education, Henan Normal University, Xinxiang 453007, China)

Abstract GATA-1 (GATA binding protein-1) is a critical transcription factor which is essential for
hematopoiesis differentiation. GATA-1 has specific high expression in the red blood cells and megakaryocyte,
and promotes erythroid differentiation andmegakaryocytopoiesis through activating related genes expression. The

objective of this study is to construct a GATA-I knockout cell line using CRISPR/Cas9 technique. Firstly, four
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CRISPR target sites were designed, and the single guide RNA (sgRNA) expression vectors were constructed by
pGL3-U6-sgRNA-PGK-puromycin vector. K562 cells were cotransfected with the different sgRNA vector and Cas9
vector (pST1374-NLS-flag-linker-Cas9), respectively. After 48 hours of transfection, genomic DNA was extracted
and mutation sites were identified by site-directed PCR and T7EN1 enzyme reaction. The K562 cells with GATA-1
knockout (K562-KO GATA-1) were screened with puromycin. The results of sequencing and Western blot indicated
that K562-KO GATA-1 included the nucleotide sequence mutation in the No.2 sites. Furthermore, the marked
decrease in benzidine-positive cells and the decreased expression of CD235a in K562-KO GATA-1 cells occurred
during Hemin-induced erythroid differentiation. In a word, a K562-KO GATA-1 cell lines were constructed, and the

cell lines could be a valuable tool for the study of hematopoietic differentiation.

Keywords

I AE ok, B DR 2H o B BOR B DU R O A
BEABIE T R T 19 2L, DNAFF I B4l A
Bry & R A 855 B T R K D fg S
FETUE RN FEM . H A, B ) 5 DR 4 G
ARAG 3 e SR 0T A 2808 TR - A% IR I (transcription
activator-like effector nuclease, TALEN)Fi A %¥
8 % 1% I (zinc-finger nuclease, ZFN)$ A Fl 1% 7% M
14t 7] @ J4 [9] SC 2 & (clustered regulatory interspaced
short palindromic repeat, CRISPR)#; A ?'. CRISPR/
Cas9(CRISPR-associated 9)/2 — i HRNATE F:Cast%
W2 O] B 1) B DR 3R AT 47 EDNABA I EOR . Ay
51 51 F i) B EERN A (single guide RNA, sgRNA)7|
T A% B2 B Cas9H [ i 7 5 sgRNATC X (1) #8467 55 Ak
B U XWEEDNA, 51 FEDNAXUEE W7 22, 33 1 R I A= 9
4 P AE [ Y5 K %ty 3% $2(non-homologous end joining,
NHEJ) &% [7] 5 14 2 20 (homologous recombination,
HR)HLHZ EDNA, 5T 4% W 2 A 1) 2 K 41DNA,
FEHIANIEAN B R RAL . FETRIMIE ) FIJEDNASEAE
i, D)EIDNAT LI IENHED, M 7E ) EI67 55051
NOREE IR HE AR e, 5% 58 A8 DL S I
H B R b 72 [RIVE v BOFE R 264, Y1)
IDNA K AEHR, R AN BosE & B EE R A, BLSE
LR R bR RN B R AR S o AR DA AR i
B R R AR R O A T AR B

GATA-1(GATA binding protein-1, X 44 Ery-1.
NF-El. NF-1. GF-1)J2GATAZ i) — A, N #x &
B H BT R N IE M RS L s 7. BEAERK
LM BRI A 0 TR 1 L 4 i )
KEHEARIE . &M LiE R+, GATA-15EH%

=1

CRISPR/Cas9 technique; K562 cells; GATA-1 gene; erythroid differentiation

R IIE L1 Z A EAZ 4 B I A, XL 4 A A IE K 48 i
TR A s, A WL, GATA-14 T 1E
WL A0 M I AR R 2 T Y. GATA- LR R 19 i
T2 H A5 B 1/ B AN BE 2 40 9 A £ 40 )
GATA- 152K 5 SR 2140 i o B & A= BE ¥ 78 i 21 By
BT I L RH 5 16 A A 20 i e AR R T2, GATA- 175
BRI/ R AEE10ZE T ™ B 37 1. KS6241 g /& — Fb
LA MR R, RES/EHemin 15 S N IRIZ R 5
th, FERIL-REA. e-BREAMy-2REHA, JhE
% K I 2 CD235a i 72 38 36 0, B A fi 4% 5 m] DL
EHA RZNMWFEE . Kk, KSe24 i 2 R4 &
I A3 A Y AL AR ) e A 0 M LU AR TR
FHCRISPR/Cas9# AR XK 56240 it th GATA- 13 X 3k
177 IR R, R F Heminis S (UK S62 41 iU 41
ROTWIGE T GATA- 125 [ 0 41 2 20 i 43 A 1
BAEH

1 HRSEE

1.1 LMY

111 e, BéARE KS624HMukk A st
FEARAE, DHSWRZ A W bR A b & XA H
RARAF (85 : CD201-02). pGL3-U6-sgRNA-
PGK-puromycin {4 (#51133) 1 pST1374-NLS-flag-
linker-Cas9%X 14 (#44758) ¥4 1) H Addgene A &l (1A
FE1B).

112 EZRXAAFMLE  GATAIPIIA(abl81544)
F B-actinPr 4k (6609-1-1g) 47 A H Abcam 2> &) Fl
Proteintech /A &) . BAR i 5 A6 4 B A 30 19 1l 2£ T
/I BR(ZB-5305) A1 Ll 3 571 e (ZB-5301)I [ AL 5t A2
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S EDMEAREGR A A &HS T EIRHEQ6616)
) H Thermo Fisher Scientific/A @] it ZoCD235a$i
14 (12-9987) Ny eBioScience A 7] 7% i . RPMI 1640
B 9% (31800-022). Opti-MEM £ 773 (31985-
070)A11 if 4 1L 7 (10099-141) 33 1 [ Gibco A 7] . ME
1y %% Z(puromycin). 7 %% % (penicillin). %% 2%
(streptamycin). DMSO. S AL I % (Hemin) $3
& F Sigma A 7] . 4 ff 5% 77 45 1.3 % H Corning 22
Al. BCAZE HJii i€ & 57 &(CW0014) 1) H FE Ayt
LAEMFEARF R AT . PVDFIERECLAL 2 K 6k
7 & (WBKLS0500) [ Millipore/A & . Bsa 1[4
EINEBA . %5 K 2H £ B 77 £(DP304) 6 H K AR
AR AL E) A R A 7. QIAGEN Plasmid Maxi
Kit(12162)1% H QIAGENA 7]

SEO6 AT 3 EACE A A% A 5 O HL(Sigma
A, f#[E). PCRIL(EppendorfA &, f&[E). MilliQ
Plusif 2l 7K & gi(Millipore 2y 7], 72 [®). ¥ =X 41 jy
U(BDA A, FE). 76 8 ME & B & i (Nikon
oy Al H A). COHK% 77 #6(Thermo Scientific/A ],
% [H). —80 °CUK #fi(SanyoA #], HA)LL K Model

20 bp

CUY21EXH ZFFLAU(BEX A H], HA)E,

1.2 XWFAE

1.2.1 CRISPR#E ey M 16 NGATA-1%E
(ID: 2623) 1 & i AL sk FEsgRNAFE M) 7 7)), 8T
CRISPRTT fE t 30 Bt #2587, AN BIF 70 %t 56 GATA- 15
Wt 74Xt sgRNAMEE [ 7 41 51 ¥ (). 1 %,
i Bsa 14 sgRNA# & pGL3-U6-sgRNA-PGK-
puromycinidt 47 BE VI £R AL, 2 110 I A 9 i kg
AN R B B 1 R v o WA B Bsa TG ) 5 f1sgRNA
BRI R TR R P 81 51, sgRNAR F 3514
5" NCCG G, Nl 5195 i35 NAAA C, LRl
IR AR EANTF . FsgRNAR F R iE
HEATARME . B K10 pLMAR F: 100 pmol/LI¥ E
W51 % %2.5 uL+1 puL NEB buffer2+4 puL% & 1 /K;
95 °C, 5 min; 95 °C%25 °C¥42 °C/sth £ i% 5 [ iR
BKEER). FHT4E K B K FsgRNA R
T 5| WA 2R PE AL I sgRNA B A OE BRCE AR R L HE:
3 uLiB K790 1 pL sgRNABRAKRZREAL ). 1 uL
T4 Ligation buffer. 0.5 uL T4 Ligase. 4.5 pL K
K), 16 °Ci¢ & i . HALDHSo& 7 2 41 i, Amp”

(A) (C) GATA-1
5" ~CCGGNNNNNNNNNNNNNNNNNN _-:‘.:-j_
pannnnnnnnnnnnnm *k * k][] 1 1
NNNNNNNNNNNNNNNNNNCAAA=5"  CRISPR target 1 2 34 Intron  Exon
U6 promotor .
BsgH (319 bp) (B) pBR322 ori
F1 ori - Ja [ (344 bp)
N~ /// AmpR
/ \— Flori
AmpR promoter PGK promotor \
Vv
pGL3-U6-sgRNA-PGK-puromycin pST1374-NLS-flag-linker-Cas9 s
49520 _— |
AmpR P CMYV promoter | | 9317bp
Puromycin @
PolyAsite e
pER322 ori
CasO!

A: sgRNA# A pGL3-U6-sgRNA-PGK-puromycin£ #4752 l; B: Cas9# /A pST1374-NLS-flag-linker-Cas945 #4715 55 &, C: My sgRNABAK 514

R 553 LT GATA- IFE R 55 — RO 35 — b

A: sgRNA vector, pGL3-U6-sgRNA-PGK-puromycin; B: Cas9 vector, pST1374-NLS-flag-linker-Cas9; C: the four primers were designed against the

first and second exon of GATA-1 gene, respectively.

Ell CRISPR/Cas9M KRG K GATA-1EE B R A= 80 Tt
Fig.1 Schematic diagram of CRISPR vectors and CRISPR target sites of GATA-1 gene
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ARG T

SRR G fE, FHU6JE 2707 51 40(5'—3": GAC TAT
CAT ATG CTT ACC GT)#t AT Ml 7 4 & BH ¥ o B .
XoF BH A T bR E AT 37 °CHE IR IS 85 77 9 FHQIAGEN
Plasmid Maxi Kitf$ i i .

122 mfedibitd  KSe4fuks T 510%
Jia 4 L35 FIRPMI 164085 77 3 v, 355 77 264 437 °C.
5% CO K M FVUE FE o AW 55 4 F H ABEXA
fIModel CUY21EXH 28 FLAY, FE 28 L 3% et 4 3k
TR 7 v AT A KS6240 M 3 77 2% i
70%~80%t}, 1 000 r/min & 0>5 min, 3¢ 7, U4E
0, EE T/ EOpti-MEM A . BN 210 uL
HEAT U B, R B %55 B2 DN 10Yul . HX25 pL4gH il
B, 1B R I N2.5 pglffisgRNA H 41 4% 14
pGL3-U6-sgRNA-PGK-puromycin #12.5 pg Cas9 %%
1&pST1374-NLS-flag-linker-Cas9 7t 73 ¥ & 3 &1, ik
A G 1 LA R T A R LA R 150 V.,
20 ms, WA HE20 V. 3 ms, SNEI), [F ) HE%
PEGFP-N1/E N xt . 5 LS 10 minf A&
10%Ji6 2 L 1% FIRPMI 164055 55 3 (6 7L 1, 78
37 °C. 5% CO,"H K5 7748 hJ&, 1E5¢ 6 B~
S M PEGFP-N 14 L3R o

123 AEFHbrmieefrid  TTEN1EE DA
87 Y 4 Jf ke R 4L 42 K 7R 0 % 7 Y448 hoR AR g s
FIKS6240 g $2 B JE K 2. f# FIT7TEN14E 52 51 9
H-GATA1 sgl2-FfIH-GATA1 sgl2-R }2 H-GATA1
sg34-FHAIH-GATA1 sg34-R(FK 1), 7 7 DA% Fh JE K]

%=1

HDNA R 347 PCR, 1 FHHDNAZE A 3K 71 & %)
PCR=#)E47 44k, %-H1200 ngZ8 4. 3B k(95 °C.
5 min, 95 °CZ%E25 °CH42 °C/skf fEiZ L FEIRIE k&
=R, SR )54 FHT7ENT(NEB. M0302L)fF17)30 min,
I F2.5% I B g A Jie FE vk AT . B T7EN1%E 58 J5
)5 GATA- 135 R R R K 5 62 240 o 5 N 96 L AR 3t 47
9%, 10% FBSHIRPMI 164085 7% 3 dr i \ 97 i ik
J ) I A 5 25 (1 wg/mL), XTKS5624H i 3k 1T A IR
BEEEM RS, H2 RS N LE A A 0L E R —
Y. 7E4EFF1 pg/mLIEWS 5 IR L L 1 R, K
Fr2~4J8, PRI IS B R PUIEKS 6240 il 5 K Ky 7%
#H

1.2.4 ihiktmipey iz Western blot% € Ji V%
WR. ZEiH1 000 r/minEg 05 min, YA, Pl
[IPBSTE R 21K, 6L 4k FL 40 HL (291091 DT TE B &
T-100 pLuK 7l ¥4 FIRIPAZE 3 i, #% 5% "X $1730 min
i H 7850 2, 4 °CARIRZ AL BL12 000 r/min S
05 min, B0 5 iGN E A FRFEA, WA EH
FITE 1 EPE Fh, SR FIBCATE & & A UK E, T
TRRE 22 v 5 43 35 B T80 °CHBAK IR vk 46 R 17 &
Fi. #E47SDS-PAGEHLJKI, 8 A 5 _EFE & N20 uL,
HLVK SE UG, R IREBEATPVDE AL I . A= b L o
B—Pi. VR, E P B, BEXOKRA
5, FHUVPEER G R G0 AR o 45 F AT K%
H T, FHIB-actinff PN 25 8 15 #EAT AH T 2 =)
P9 5E, JTEM R o B X ASHE 5T 4 GATA- 15 A

ElkYELES

Table 1 List of primers

EIE R

Primer name

5¥F51(5'—3")

Primer sequences (5'—3')

GATA-1 sgRNA targeted H-GATA-1 sgRNA-1-F
H-GATA-1 sgRNA-1-R
H-GATA-1 sgRNA-2-F
H-GATA-1 sgRNA-2-R
H-GATA-1 sgRNA-3-F
H-GATA-1 sgRNA-3-R
H-GATA-1 sgRNA-4-F
H-GATA-1 sgRNA-4-R
H-GATA-1 sgl12-F
H-GATA-1 sgl12-R
H-GATA-1 sg34-F
H-GATA-1 sg34-R

CRISPR site

CCG GGT CCT CCA CAC CAG AAT CAG
AAA CCT GAT TCT GGT GTG GAG GAC
CCG GGC TGC TGC ATC CAA GCC CTC
AAA CGA GGG CTT GGA TGC AGC AGC
CCG GCATTG CTC AAC TGT ATG GAG
AAA CCT CCATAC AGT TGA GCA ATG
CCG GCA GGC CGT GGAAGATCT GGA
AAA CTC CAG ATC TTC CAC GGC CTG
GAG ACG GGA GAAAGA CAG G

TAG GGCAAC CAC CACATAC

AGT TGT CGA GTG ATC CGT GG
TTTACT TTG GGC CAC CCCTC
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CRISPRIFJHE[A] 7 41, FRATTBETE T 2400 B I )F 5
Y1), % EE Y R FIK 56241 o 42 K K ZHDNA, 18
2N SV AT D, 43 )0 8 4B s B A%
P& 7 510 1 R AR

125 “ZAaABXFEE LRSI %
HEBRATTCART i3 470, ffFH 50 pmol/L Hemin%y %
75 1E 5 UK 56240 Mo Al GATA- 135 [R5 14 UK 56248
B AR A S 3£ N8 S S I v DR SN
Rl AR A AR RV P 78 P L 3 (1l N
50 LI B T in ON T pLid 0 S0 AT B g e
B, b S, B0 UsE, PBSYELE S, 100 uL
PBSH Z M, B81 pL R4l 2R INAN9 pLjeth
IR A G, 25 5 B 3~5min; HUES 43 4H i 14 F W0 %2
BT, —Mert200N 40, B0 AR g BE 1 40 e
Iyt I CEH B ARG T 4T R AL bR B A CD235al)
BB BRI R . UEEKS56241 M0, 4 °C 2 000 r/min
05 min; F VA FIPBSTE AN B2V, 2e Bk L iE W,
A100 pL PBSE V40 M [ 99 14 xT HE 20 ffa o, &34
2 143 90 0 N6 Rt 2T AR (C D23 5a A H 7] AL 50t
TR 24 9 10045 45 B J5 N 20 uL); 4 °CH¥ & 30 min,
W R 3R R A); B0 25 13, JEHIPBSIE Ve 4 i
20k; 2= B, MN400 uL PBSEFF40MI; 300 H
A 3o 0 A S B T, P T I A 0
12,6 SitFaa  SLIREE DOF S E bR fE R
(mean=S.D.)%& 7R, KHISPSS 19.04¢ /0 Mk 134T
o o, P2 1) ) PR FH e 56, P<0.05°8 72 57
EENES- 98

2 %R
2.1 CRISPR sgRNAZAE#IE

B0 N GATA-15:IK] (ID: 2623) %% T 4> sgRNA
(508 1) B AL . I ECHT R, $EAL A4 T
GATA-1FE R [ 5 — AN AT, BEAL 3 F1467 T 28 —
ANHME T sgRNAIE 7] 5] 9 1R K S5 43 5l 1 42
Bsaliff 28 14 16 [f1sgRN A A& pGL3-U6-sgRNA-PGK -
puromyciniE £, W7 % 5E J5 1 KL 1441 GATA-1
HE K] Rl 4 KH 5% ICRISPR sgRNA# 44, K 2 HE B
Fr, W A0 E 4 20k 53 ) 6 44 I GATA-1-sgRNA-1
GATA-1-sgRNA-2. GATA-1-sgRNA-3. GATA-1-
sgRNA-4,

2.2 GATA-1EEFEKS62 MR ESL . THiE R
£E

AW T AL HL 5 LB U5 1 R2.5 pgffIsgRNA
AR GATA-1-sgRNA-1. GATA-1-sgRNA-2.
GATA-1-sgRNA-3. GATA-1-sgRNA-4%-5IF12.5 ng
ff)Cas9% 14 pST1374-NLS-flag-linker-Cas9 L #£K 562
YR, Yo gk % 9548 h, A8 FH 2 it ik R 2L 4R H
0 7] 50 R G A AR A L K S62 4 i 4 B[R] 4,
53 51 DA 5 Foft 25 R HDN A B AR, 87 FH CRISPRAY A5
%52 5l ¥ H-GATA-1 sgl2-F f1H-GATA-1 sgl12-R
S AL S LRI AL p5.233E /TPCR, i HHH-GATA-1 sg34-F
FIH-GATA-1 sg34-RXt £z s 3 M1 7 f43E 7TPCR(FE
1), 2FPCR™ ¥ 53 A 2lidk J5, & HX200 ng HHT7EN1
fiff U130 min, FF FH2.5% 00 B A5 B L vk A .
BR2ART/R, R 35 % T GATA-1-sgRNA-2 £ 14 1
pST1374-NLS-flag-linker-Cas9#, 4 (1] 41l fu #E 1%
T7EN 1/ 1) 5% 21550 bpH1330 bpi) i & i, 15, 3
TGy ATAL IR AR BV IT, B ARHE T P Rt 4
ANCRISPRA st R 25 AL i TRAZ ) o

N T A3 BIGATA- 155 A @ B K S6241 i #k,
PATHR A BR A R 5 AE96FL AR W X T7EN 11§ 1)
U8 JE 125 A RUA AR K S 6241 i 13 1T WE A B
(1 ng/mL)Fii G, 2010 48 6 5 A e 22 e
ANLET HORE LB R — A E4ERFIR L] pg/mLIE
R R IR, H5972~408, PREOE S 5 = PiMEKS62
ML KB IR 48 o 1 A7 78 B IR 08 55 R i 32 1)
KS6240 BB 43 At A7 B H2 Y, IR0 % 51 9
H-GATA-1 sgl2-FFIH-GATA-1 sgl2-RIEAT I 1, 15
S PCR™Hik M 1, A8 FH W 51 90K 1F 1) 45 5E 51
YIH-GATA-1 sg12-F. Wl /545 5L a0 &12B, AHH 78 i1
FI| f A B 2R UVEK S624H A 20 I e 45 IR,
oA B0 0 N 1E H GATA-1F 51, 115 5 — 384 AT
TERAB T H, 1% 5848 425 CRISPRIEE A {7 i b Bl &
“TTG GAT GC"# KA N “ACT TAG”. 4 =Ekik
TR BB SR, RAL 5 B GATA- 13 R AE 14> Thr
Ja tHIL T 2% 1L E S TAGIT 2% 19 o

AT S [) B 08 MR WA 5 307 08 S K S 6248 i A
PEHUEE A, #E 47 Western blot% & . W1 KI3AFT R,
AT A I 7R 54 R 08 25 3R B MEK S 6240 i B, 4.
ST RRE A RILGATA-1 R AR RIA, i1, 2. 3
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c1e 66 cc 1R

(A) ©

| /\‘ i iy | | M
| i L i
Wobo | -“'- JA J UU ’{ I\M’/\NU
£ & - 3

330bp P ”
- | w
AN

|
Normal TCTGGGCCTOAGGGCTTGGATCCAGCACCTTCCTCCACT
sequences Ser Gly Pro Gly Gly Leu Asp Ala Ala Ala Ser Ser Thr

(B)

* %k % % x %

Mutated  TCTGGGCCTUAGGGCACTTAGAGCAGOTTCCTCCACT

sequences Ser Gly Pro Gly Gly Thr

A: TTENIERS E RAGE, 1. 2. 3. 4. CO MR E YL T GATA-1-sgRNA-1. 2. 3. 4FIpGL3-U6-sgRNA-PGK-puromycinf{JK56241f1. 7 &l
PERBAIN P 0 P C IR B2 AN RAL RUR AR T RAR, * AR TRAL I, PAMARTE CasO UL AL 1 -

A: TTEN1 enzyme was employed to identify the mutation in the sgRNA sites. The agarose gel electrophoresis showed that the second site was mutated
and cut to three bands by T7EN. 1, 2, 3, 4, C were used on behalf of the transfected K562 cells with GATA-1-sgRNA-1, 2, 3, 4 and contol (pGL3-U6-
sgRNA-PGK-puromycin). Black arrowheads indicated fragment sizes for each bands. B and C: the sequencing results of the 2 sgRNA site in GATA-1
gene were shown. Gray area indicated the CRISPR sgRNA domain and * represented the mutated sites. PAM means the identified site in Cas9.

E2 FF5 M GATA-1-sgRNA-2 3L [ B PR3 R
Fig.2 The targeted knockout effect of GATA-1-sgRNA-2 measured by sequencing

(A)

Anti-GATA-1

Anti-B-actin

(B) Hemin induction time

0Oh 12h 24 h 48 h

K562 cells
KO GATA-1
K562 cells

A IR TR 4 5 R G K 562401 il ik HH GATA- 188 (13RI 15 s B: Heminlf 5 41 5 /3 40 1 2 o GATA- 15 [R] 8 AFK S 62401 Hid A1 IE K 562401 ffd
GATA-1 R [ RIENG 0L -
A: GATA-1 protein level was measured in five K562 cells clones; B: during Hemin-induced K562 erythroid differentiation.
[El3 Western blotiNK56240/8 - GATA-1& B #Y3RIAKF
Fig.3 Expression of GATA-1 protein level in K562 cells
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(A)

e}
(=]
s

~KO GATA-1
=K562

[=)
(=]
s

393
(=]
s

positive cells (%)
&
S

Percentage of benzidine

S

0 12 24 48

Hemin induction time (h)

©

Count

ol s \

Hemin induction 24 h Hemin induction 48 h

B)

K562 cells .
KO GATA-1

K562 cells o

—Hemin+K562
— Hemin+KO GATA-1

-

107 o

10 10°

CD235a-PE
A: GATA-TFEFEER G5, KS624H fl Heminifs G T2t 6 i 4 (0 (M BHAL 20 R 43 BT . *P<0.05, SKS6240 8 LL#%. B: K5624H i HeminZL R 175
24 hy 48 NI Fr o C: P MR L 175 48 hJSKS6241 2L A K [ hr 5 CD235a.
A: Benzidine staining of K562 cells with or without KO GATA-1. The percentage of benzidine-positive cells in each group was counted following

Hemin induction periods of 0, 12, 24 or 48 h. Data were obtained from three independent experiments, and error bars represent standard deviation.

*P<0.05 compared with K562 cells. B: representative benzidine staining of knockout and normal K562 cells that were Hemin-induced for 24 or 48 h. C:

flow cytometric analysis of K562 cells with anti-glycophorin A (CD235a) antibodies after 48 h of Hemin induction.

El4 GATA-TEFEFRFR T HeminiF SKS62 4L 22 73 L HIZZ NG
Fig.4 Knockout of GATA-1 inhibits erythroid differentiation of K562 cells

TR PR A GATA-1455 H i K 1X . Western blot
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CasOFi R 12547 S RAE FHGATA- 1 A i
A AT & 1L I GATA-13E IR 7 B (KO GATA-1)K562
S LR -
2.3 GATA-1EFE R FEXITKS624RBELT 2 L HI RN
K 56241 il 2 Heminifs 5 71 21 R 7044, Tk i 4%
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2\ F) IGATA-147 44 (ab181544) Hl Proteintech 23 ] ]
B-actinyi #4:(6609-1-1g)if it Western blotff] J5 7% K A&

MGATA-1 1) & HKF 284G . HEIB3BA L, 7EIEH
K5624H ffl 41 % 73 Ak ik #2 v, GATA-11¥) 85 1 7K1 Fifi
YL RGBT AN, T GATA- 13 R Rt 4 5 AU 5624E
Hemini% $id £ fH GATA-1 55 IR &% £k

N T W ZEGATA-13E A i Bk % Heminifs 5 1)
K5624H ffl 21 5 40 A0 1) 52 1, FRATTAE I HK 56241
M GATA-13E R i R K 56240 i 3F 47 Heminifs 7, 2
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CD235a/e 4L R S (A M R 1 70 1, BATR LA R
S E LG N7 DU WIGATA-1E 4L R
AR IR B AR A, AT IR R B AR I T K562
1 CD235alf) ik . Wl E4CHT 7R, AN ] AL 21
K56241 ffl Z:Hemini% 548 hJ&, CD235af [7] 24 % e
A T R e A E S A — kS, R ARG YU R
PEAR G I FE4E S AR 10 58 42 ] LLZZIS . KO GATA-1
J& BIK 56241 il (1) CD235al) % 't 5if FE B S A 1 %
H, T BT RARER AR, B, KO
GATA-1Jk /> | 21 Z R 1M bR CD235aff &, iX Le#f
VLA GATA- 13 R R0 AT AR .

3 g

GATA-172 iff 7t fix 9 78 73 B 36 L 4% s R,
ARFERZEAMNERET, 5005 2RI
GATA-2. GATA-3. GATA-4. GATA-5. GATA-6
— R LGATA S R, % 5K 15 N e 48 45 0 5K Ik 1) o
SRS, GATA-TI 6 P 1 2 07 AL RS B 4% &
5 FoAt 2 3 5 A ELAE A T AR B R 4% . GATA-1
RE 18 I C-oiiy BUN-3i B 15 5 H B S A BLAE R A —
Rk, YR EH B E S YRR BT
M BE 17 09, BhAh, GATA-15 HAh & [
J A AR R S BT LB R S A2 1, GATA-1REH &
Pk 3 55 %% B p300 fICREB%E & K F1(CREB binding
protein, CBP) Z ft fL!'", MAPKAIPI3K % 5 41 Jify
TFIL-3F1Epoifs 5 (IGATA- 145 547 A sk, M
S GATA-1 TS 1M, B3 B2 48 25 EI PIASy(protein
inhibitor of activated STAT 4)&¢ % 5 GATA-1k 4
A HAE F 3F H AR 3 GATA-1ISUMOA., B & #1711
GATA-1 {36 HE,

GATA- U2 HE 4 R o3t K 40 Ml R B B 5 B
T S L R B S T 5. GATA-1HYHE S K Ak %2,
BFE: o-BRE EORIB-BREE AP, 20 8 1 AR A
AU 2 20 41 B A= AR Z (erythropoietin, Epo)-5Epo
% A (erythropoietin receptor, EpoR)*. % i $T
T2 EBel-XLPEE, JL-F i A 41 5 5 7 0 5 DA 1
I i 45 X # © 45 GATA-1(IDNASE & % 7 (A/T)
GA TA(A/G). GATA-13E 1] DL 1 4 i & 14 55
U Cyclin D2A1Cdk6(cyclin-dependent kinase 6)[1) %%
ik, O 40 M S A BT, dnp 18RI p2 7 1)

Y, GATA-1RERS 4% 2 Pl AH S 3E  A 7,
uGfilb. EKLFFINF-E2%™), GATA-17] 51 £ Ff
HARKREMEAER, WFOG1I(FOG family member
1). PIASy. RB(retinoblastoma). EKLF(erythroid
kruppel-like factor 1), PU.1(Spi-1 proto-oncogene).
p300/CBPHIpS345R%, 3 SLAH 4 FH 3 i v 1m0
Il GATA- 13 11 S L DR ek, 75 I 400 i 1) A2 B
RIFEEEENIEN.

B AR AR ATVREE R D Re R . i
TEOR, FE R g R POR 32 B I X R G fEDN AL AL
5] ARDNAXUEE W 28, P80 40 B A A 1R U5 R I i
B A F S L], S FEAL S DNABE T2 . A
i A% (1% 1) B 62 51 52 =5 52 (CRISPR) 5 N VI Cas91r)
HE, X —RGEM IR AR5 A KL
20 bp 1 B sgRNATLAMIC S #EFP 51 A S F R 57
1] 18] % #H 48 2 77 (proto-spacer adjacent motifs, PAM)
NCasOIR HIAT A (5'-NGG-3")72), CRSPR/Cas9Fi A
R E A A A5 N AT B 0% 77 {8 171 K A 3t XS DNAFH A%
P&y 1 BEAT 9, (E BN AR A BRI T SUEATGE 1
— R, AR M Sceince A% E V20134 &
TRFH R, —.

CRISPR/Cas9H{ T 5 5 () 5% # 7£ T sgRNA
Wit, sgRNARIHRE 7 1k kg 1 BRI, Hy ol 2 5
IEPAMII8~10 bpABEAN AR H 8 XA i Y. %
sgRNA BT JE U, FEAL RN Z 38 BLR JUAN BRI
— R T REE RSN R, E T H R B sk ok 5%
HERAR, BAFAEA R & A BT U B 3T A2 7.
CTREATGEE T EIF— s, kRSN T
s 57— N ATGIF AR HH 3 — AN AU 1 2 R 2
LT RN DR T B, R A R B (Y T RE A
Py 3o DU 396 45 AH B — 7 IR 25 (10~30 bp) % 1

BB R TR 58 1L $%5'-GGN(19~21)GG-3 "1 7
%, FEUCSCHEINCBIH] ¥ 5 i ' FIBLATE(BLAST
sgRNA 48 5] 57 71 DL 7€ 12 5 F1ME—, ek 2D 98 7E 1)
R AEAL o bk, AT DA AR BTt AR
T 2[5 f{JCRISPR Design(http://CRISPR.mit.edu/)-
7 ] g RE T 48+ o0 I E-Crisp(http://www.e-crisp.org/
E-CRISP/designcrispr.html). b 50 K 2= A 15 B
L2 Cas9 Design(http://cas9.cbi.pku.edu.cn/). K562
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YT B B ) 5 4 R A — S e e AR, SUBE B B T
TSR K PR FLIE, 22 PR BK Bl HL R AT 325 R K 43
THFENMM AN . 5 U B ZEFLE AR L, &
51 SR S AR ik L ARk e ) 5
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— AN D PR MRS B BB 07 16 R B M A PR R 1
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PEAR RV AN umol/L )5 12 FH LW WA 55 R Bt i ik, il
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PEKS62 AN g KEE 7%

&2, CRISPR/Cas9F A NIFI{s FH J L4 © 48 51
RT3 ) B R G B KA, LR FRATT — RS S A5 Cas 9,
ARAE AW ARTA R 55518 22 HE ) ek 3L 0132 HH o
Z AT A . AT 5T K F CRISPR/Cas94 AR 37 1
i R GATA- 1K S 6240 il 2, N itk — 20 ¥ i GATA-1
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