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G i X, H T S Bt [X 5% 742 52 W AH G B IR S 20 R 5k
KPR

UTAEAR ol T HRAE ] B L O IR 0 5 S I A
FH A (8] B 0l 7% %8 171 SC & ¥ 31 (Clustered Regularly
Interspaced Short Palindromic Repeats, CRISPR) $%
AR 12 R FH 45 Bl AR ) R 0 5 I 4 g R . R
CRISPR/ Cas9 F [N £ 8 £ A 7R 2 7 i 38 45 5 1
DNA X4&EWr 2 (DNA Double Strand Breaks, DSBs)
] YR %2 18118 & (Homology Directed Repair, HDR)
PLSIA B2 IE 47 5E 1Yk IR 98 78 © 48 W 1 1k 1Y O
. ARBESEAE CRISPR/Cas9 £ A (Y 566l 5 i
UUER 2 78 BH T 3% 22 00 B R ) B R B0 Y
CRISPR/Cas ¥ j5 (Consecutive re-Guide or re-Cas
steps to Erase CRISPR/Cas-blocked Targets, COR-
RECT) 1 8 #4 J6 i ik [H 41 4 48 AR, £ A HBB
B 51 A HBB-28 (A>G) SR 2E s r A B-
#1 %% HBB-28 (A>G)HEK293T £l 4 58 25 4l M vk ,
R JE B 1) A R R o3 1 BT 5L D S N S R R
A S 5 1 B 5E Bk A

1 MHE5RIE

1.1 ###
1.1.1 @mfsks s

HEK293T 4fi jfd Hy 4 52 5 % {& £ . CRISPR/Cas9
kL PX459 I H 25 [ Addgene 2y H], pPCMV-GFP-
p62 W [ iR A KAEYHRAGRAH .,

1.1.2 ZXMNFMNE

BRI PERBR N VIR Bos 1 \T7E 1 JAar Il (T4 %
P0G . T4 WML B3 W T35 B NEB A&, /b &
RNA (small guide RNA,sgRNA) L &% PCR 5414
A T A TR C ) B A5 BR 2 A & B, B S5 A%
H MR (single - stranded Oligo DNA Nucleotides,
ssODNs) i 75 M & MR A B H 5 R A 7 & /.
Trans b BWZAAMEE Adt X SEYHREGR
O3 A R O R £ 0 F AR A AR (db 5D A BR
A7l X-tremeGENE HP DNA 4 i %% Je il 7 & W T
g 254 BRA R . SR B R 1 T R
£ (Leica) {384 FRZA 777 ffh . PCR 2 [H 3 34 43 3§
PR R B R ED AT BRA 77
1.2 A&

1.2.1 sgRNA #i& it 5 CRISPR/Cas9 & ik J
My
i) N HBB 3£ [ ¥ 51 (Genbank : NC_000011.

10; https://www. ncbi. nlm. nih. gov/), Fl A ¥ u}
https://crispr. mit. edu ¥ 1 sgRNA #1155
FE M) sgRNA FE GUF 51 5 0 2 X B A4S 9, sgRNA
Y8 I SCRE e 8BS, 0L, T AE 514 5 3 i 1 Bbs
T g i 6 M oK o, B, CACC i #E 1E 14 51 9 i
AAAC INFER M5 HT (R D, sgRNA 51985 iR 1L
IR KA T pL T4 BERR LG 1 pL 1E W 51 PR
1 pL S5 R EEY R 100 pmol) , IR 2] 5 #E47 5
ity T TR A A8 W . 9 48 3B KT B A4 (37°C 5 30 min;
95°C,10 min). M4 sgRNA 5 £ ¥ 1k CRISPR/
Cas9 R FESE 43 I 1 oL T4 4R .2 oL B k™
1, UL & 100 ng 2 Bbs 1 BAb B e vtk — & —
CRISPR/Cas9 ki, iR 2] J5 T 16°C i # b %, 3R 15
PX459-sgRNA1-Cas9 Hl PX459-sgRNA2-Cas9 fif 3t
FIRTRL, Fe b R #% B Trans 5o JRZ &4
JRL R 7= BB OB 10 pll % 42 P2 W R AL A 100 L
BZ AN P BB ST UK B CE 30 min, 42°C K
B 45 s, R E T K EXH 2 min, I T &
50 pg/mL R FHHE (Amp) 4 LB [& 144z, 37°C
BIE R 97 16 — 18 h, WP 50 E « 43 1 PRHL 8 4> o s
FV&E LB WA E; 3539 ,37°C 1220 r/min $E K 1
B g% 1216 h, D)7 25 28 JF Pk 1o 3% 422 W 91 1) PX459-
sgRNA1-Cas9 Fll PX459-sgRNA2-Cas9 3¢ ik B
e R AR A TR AR B/ B i IO & 150 B S 4 BBCRE
i, B IR

F 1 sgRNA B3| 415 51

Table 1
sgRNA

Primer sequence and its complementary strand of

4R I HI(5'—>3")

Name Primer sequence (5'—3")

SeRNA1L Forward: CACCAGGGCTGGGCATAAAAGTCA
SeI Reverse: AAACTGACTTTTATGCCCAGCCCT
Forward: CACCCAGGGCTGGGCATAAAAGTC

sgRNAZ Reverse: AAACGACTTTTATGCCCAGCCCTG

1.2.2 ssODNs &3] % 3t

PR AR 5 A2 AT P45 50 bp JF 5145 Sy T TR
T A AN IR A R S AR ssODNs (B 1), #it
ssODNs B 3% Ff CORRECT #£ R, Bl R 5] i &
SRR AL 78 A8 B A SR AR I A B T, O B 1k 56 A
DNA J3) %€ 2% J5 # CRISPR/Cas9 % 4t — W ¥ 4.,
MR 5 R 1 T O M e R )RR T A Y 4B O 3 )Y
(Protospacer Adjacent Motif, PAM) [fif i 5] A [6] X
KA IE(A>C), B G LA IE Cas9 #H H Y)W
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Pk, N HBB-28 (A>>G) A TAR gt X, i A WF 5%
147 FH BH T 28 4% ( Blocking Mutation Base) /8., N
il J5 22 0 25 5, A6 5] A BH W7 98 78 B 19 TR B 51 A —
AN B BRI N TS Aar TR B0 5 (5'-GACGTC-
3, WK 1 frn, ssODN1 J¥ %1 4 iF [5] ¢ %1,
ssODN2 )2 [7] [ 371 .

Exonl Exon2 Exon3

/¥

yli/%

sgRNA1: 5-CAGGAGCCAGGGCTGGGCATAAAAGTCAGGGCAGAGCCA-3’
sgRNA2: 5'-GCAGGAGCCAGGGCTGGGCATAAAAGTCAGGGCAGAGCC-3'

B H BT
ssODN1: 5’-AGGGTTGGCCAATCTACTCCCAGGAGCAGGGAGGGCAGGAGCCAGGG
CTGGGCATA - ACGTCAGGGCAGAGCCATCTATTGCTTACATTTGCTTCTGACA-3

sSODN2: 5'-TGTCAGAAGCAAATGTAAGCAATAGATGGCTCTGCCCTGACGT TATGCC
CAGCCCTGGCTCCTGCCCTCCCTGCTCCTGGGAGTAGATTGGCCAACCCT-3"

The red font is sgRNA sequence,the green font is PAM
sequence, the yellow font is HBB-28 (A>>(G) mutation site,
the blue font is A>>C blocking mutation site, the lower hori-

zontal line is the target sequence
E1 sgRNA 5 F1 ssODN JF3)
Fig.1 sgRNA targets and ssODN sequences

1.2.3 JeikEE$

BEYURT T 40 M 1S 300 P 2 9% HEK293T 41 g , i
FH& A 10 % 198 B 45 1 ¥ (FBS) (1% 4L (100 U/
mL HHEZMEEEZE) M DMEM ¥53: 5135, 4 40 i
FEAR 2 = 3 WM R AR e ELIR S e 4y i o 40 M 5 b e
Bl 20 M 7S LA S FLAR TP AR LY HEK293T 4
it %% B B iz LAV LAY 70 %0 — 80 Y0 I 5 X-
tremeGENE HP DNA 4 g % Y 3 7] & 398 47 % Yo
fE. 76 HEK293T 4 it o BR AR 43 B U 1 pg .2 pg
3 pg & &A% 6 H (Green Fluorescent Pro-
tein, GEP) i§ pCMV-GFP-p62 ik #1Ak,48 h 5 1F
PGB TSR GFP W83k £, WAL YL s50%
TE A TE 1Y TR VR B HEA TR Y

gy ¥ g iR X-tremeGENE HP, PX459 -
sgRNA1-Cas9/PX459-sgRNA2-Cas9 3 ik i ki .
ssODN1/ssODN2 FIJG Ifil 1 15 77 %& % 15 F fir 2 15 —
25°C , J B lie s i 51 R i i& X-tremeGENE HP; G
IV 15 7 KB PX459 - sgRNATL - Cas9 8{ PX459 -
sgRNA2-Cas9 LR B RK B ELIELE R 1 pg i
B DNA/100 pL TG il ¥ 35 5% 5 (0. 01 pg/pl) . B
IRAT; A 1.5 £ PX459-sgRNA1-Cas9 8 PX459-
sgRNA2-Cas9 38 1k R/ B89 IR 4R g I 1R 41
) 4 ol 2 9 LS BE) , =R E F 15 — 20 min, 4 2 5%
P GW s WS TR B T S5 5 W 2 75 L AR o 1 248

FEFRW A 2 mL &5 10 %019 FBS.1 %0 3L
i) DMEM K5 35 3 )5 o Ab B3 45 14 % e 52 5 W) 3% T
EIRIMA RS B 9% 24 h IR /B HRW IR E
R 2 mL A 0.6 pg/mL EK 5 K (Puromycin)
1Y TG LV K 7 R AT 25 W 0k Ak 285 5 48 hL IR
LN — 240 i 32 B L I 40 DNALPCR ¥ & A
GEAA Y B R AT O 5 49 B /E H sgRNAL
Ml sgRNA2 #5511 BH 4 T b

1.2.4 T7E 1 %5 463 F 40

WE 1 i 78 ssODN B4 A5 . &1 1 54k
B F i 28 MR FEAL S| A HBB-28 (A™>G) 5= 48
1550 1 26 A6 FE Ak 51 A BH W 58 22 B 1
(A=C) , BB A5 B — AN 37 1 BR A M N D) B Aar 11
P S (5" -GACGTC-3") . R T 8 UF A ] 8 45 Ay
PIEIRCR LU IE B ssODN 3 & 850% B 52
o 4 . O sgRNAL + ssODN1., @ sgRNA1 +
ssODN2, @ sgRNA2 + ssODN1, @ sgRNA2 +
ssODN2, R 1. 2. 3 75 (9 J7 15 % 45 41 47 AR Jot 1A
gl 48 h JFUCEL HEK293 T 4 ity , Ui £ BF 4= A 293 T
At A0 SE 86 2H O — @ K 43 4 M 4R S B 4H DNA,
PCR ¥ 1 & ¥ 5 19 A BL. 519 & HBB-FP.5' -
GCAATTTGTACTGATGGTATGG-3'; HBB-RP:
5'-ATAACAGCATCAGGAGTGGAC-3', PCR ¥~
R R & A SR AR R 94°C L4 min; AR 94°C L30 s,
B & 56°C .30 s, #E{H 72°C .30 5,35 4NE R 5 4 4E fi
72°C 10 min,4°C A7, B 43 B HL 200 ng PCR 7~
Yttt T7E 1 (T7E 1 0.5 pL FUAARE buffer 1 pL,
10 pL KK ,37°C.0.5 W Aar Il (Aar 11 0.5 pL
AR buffer 1 L, 3£ 10 pL A% ,37°C,1 h) E§YI,
ffi 1 10 X Loading buffer £ 1k B Y) &2 I J5 . B 8 pLL
it U0 7= AT 1 0 St O e P VK R B AT ) B RIOR
i) PCR 7= ¥ 347 Sanger )% ,

VR RS I Tmage] 3KOF 24T K BE 43 07 4 L3R
HHYIEIROR R GO, VRICEM T7E 1 #Y)
WEPEFR R AR Aar T VNG PERIR . YIEIRL
R =1-[c/(a+b+] i a.b 55085
FIh g 1% 2 2% Ha vk 4571 XF R Tmage] K¢ A9 14 T
e AR V0B 4500 i 06 T FR, s 2 g R I U T
BO. WAER S s T7E T 0% BH vk 40 M il &
O3 L B E A R B 5 RO T B A 2K A R S AL
K= (Aar 1 BEYIEE/T7E T B H1 3 ¥E) X 100%
B Aar 1 VI#EIE 2 U IIZ A KA S A S A 1
2, 3 G RCR G
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1.2.5 Famkiis%x

R A5 il 1) S92 300 1 25 2R e R A 5 50 e 1) S 0
2R 96 FLAR T BOW B2 Fh ) J 050 R AT R e o
AR & A 10 %09 FBS. 1% WAL DMEM K
FeHE, T 37°C.5% CO, HiFFMEF 4 -5 d J5, W
ok 25 XU i RN 22 200 Jf L % 4 B T 25 I HL A — A g
FUMARIC s Ak 22 1555 7 — 9 d, 5 40 M K e AL L W
HUAL P 2/3 1Y 2R v e A U 4 T 4R IRCRS IRV 4 DNAL 5k
PE 10 A PR BT AR VR A A, R AT 1. 2.4 15 PCR J7 i

PGS RS B IR AT DU A L R
FI bR 20 £ 58 72 1Y B0 e B 20 A

2 HRE5HSMH

2.1 CRISPR/Cas9 &KX Rt

HR & 2 1 BRL I e 43 A 45 R AT, PX459 -
sgRNA1-Cas9 1 PX459-sgRNA2-Cas9 3t 3 ik it ki
P )

G AC G CACCGG6GTCTTCG G GACC T GTTTT G GC T G
PX459-Cas9 M\]\
A ) A . ‘.
‘ VAYATA [
AN A A MARAR i A
G AC G ( C ( 666 CTGGGC T GTCAG G G ( G

PX459-sgRNA1-Cas9

At N

CABBGCTGBGGEC T 6TCG 6

PX459-sgRNA2-Cas9

Nnal oA AARAAARAAA A A\

2 PX459-sgRNAT-Cas9 Fl PX459-sgRNA2-Cas9 3t % ik B I ¥ 4 5
Fig.2 Sequencing result of co-expression plasmid PX459-sgRNA1-Cas9 and PX459-sgRNA2-Cas9
JifL B AE 85 %6 LA 1 (Il 3) . Ry T 2 e e 11 4 E [R)
Bf S IR BRI 00 B Y b R I B UL 2 pg BURL AT

2.2 BB EESME
2B T A R I B 1 pg R B AN F

20 % MU M 35 GFP 76 Yy 2 pg ORI 8 GFP 1

20 B L 3K 3 80 %0 L Uk 3 pg BRI 3K GFP 94

(a)

Bright field GEP

100 pm « 100 pm

(a) Fluorescence spectra of transfected by 1 pg,2 pg and 3 pg GFP plasmids; (b) The bright field and green fluorescence im-

age of 2 pg GFP plasmid transfection

K3 i B A g HEK293T 41 g ik %
Fig.3 Efficiency of liposome transfected into HEK293T cells
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2.3 HBB-28 EE(A>G)E R RZT HEK293T 41 A0
7Rz fiva
2.3.1 sgRNA #7212 £ 4= ssODNs B A2 R 3iE
sgRNA VI RCR 5286 (T7E 1 fYII% M) . PCR
PO A REMSENR B LEHAD - DR
PCR /¥ K BE 1 578 bp, H 343 B0 0 80905 1 | i
VIJG 4320 3 2 45417 : I A 2% 578 bp, KL Ul &1 f5
) 372 bp Fl 206 bp M 4% 5 (B 4) . 455 K FE 5%
Bro e gl @ — @ /Y U180 40 5 2 27190,

PCR product

T7E | digestion

22.72% ,18.62% 1 21.49% (¥ 2), % T HBB-28
FR WS A R sgRNATL, I, J5 2 10 JE PR 5 45,
ARSI ] sgRNAT #:17,

ssODNs 4 & 30 R I (Aar 11 BEVIIE M) . 24
ssODNs %4 & HAR(L & B, 2588 Aar 11 BEIR 5 )
LA E 4 B TR K 2 0K o b 45 TR L 5K
WO - @A Aar | B EGUIE M KA R0
H26.41% .22.25% .14, 78 % F1 12. 84 % , i I X 4
H A ssODNs 4,

Aat 1l digestion

b M O @ @& @®@ © © B @ O @ 6 ®

1500
1000

600
500
400

200
100

<— 578 bp
< 372bp

<— 206 bp

M :Marker; D :sgRNA1 + ssODN1; @ :sgRNAL + ssODN2; @ : sgRNA2 + ssODN1; @ : sgRNA2 + ssODN2
B 4 ASTEAE S E R AR ssODNs B A3 F i

Fig.4 Comparison of editing efficiency and integration efficiency of different targets and ssODNs

R2 BAVIEHMEEAUEMENESHE
Table 2  Cutting, integration efficiency and relative integration

efficiency of each group

L &S Ly & AT & A
15 (%) Y% RV
é " Cutting Integration Relative
roup efficiency efficiency integration
[€ZD) % efficiency (%)
® 27.19 26. 41 97.14
©) 22.72 22. 25 97.96
® 18.62 14.78 79. 42
@ 21.49 12. 84 59.72

MR 2 105 A 2% AL U AR 5 R AR
A ROCRAT N, 9256 2H O A U F) 30CR MR G 30K B
e LA A 8% 97, 1400, 5 MR R A AR
RIS Q) (97,96 V) M ZEA K., Ry T I S5
ZERIR 2 X T PCR F= it 47 T7E 1 Y

Ml Aar | BEYIR) B Z LK, 25 R 5HIIR L 2 7 A
Ko B, 36 8 9250 20 O i 17 5 28 19 B 5 B O i
2.3.2 MEpEE

S5 A FER 2 R EE 5B, DA KK 5 I 45
RTAWADO - OHRETUFMES. AT p-H
FIHF HBB-28 (A>>G) FIBH KT 22 28 i 3 (A>C)
HEHHAOMO M ARG EHE L LmAO D = (F
5), BLHA 52 55 20 D F1 @ 1y U1 8 &4 3 F 8 5 808w L 3
AR HEAT R v B PR R S A A I
2.4 B-HEERE HBB-28 (A>GC)ERRTHES
F& HEK293T 20 B #k B 2 51

WE 6 fr R, B e e HEK2937 40 i #k A i 51 A
T HBB-28 (A>G) FIBHBr 248 (A>C) il £ . 10 4>
HrRER LT 5 MRERE 1N R R AL ME
M PR DL S 3 A T AH I ] 25 € A5 114 B AR 75D 240 JE bk
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CCAGGGCTGGGCATAAAAGTCAGGGCAGAGCCATCTATTGCTTACATTTGC

Wild type ¢ ¢

sgRNA1+ssODN1

CCAGGGCTGGGCATAAA

sgRNA1+ssODN2

/\

AGGGCAGAGCCATCTATTGCTTACATTTGC

CCAGGGCTGGGCATAAAAGTCAGGGCAGAGCCATCTATTGCTTACATTTGC

sgRNA2+ssODN1

sgRNA2+ssODN2

The blue arrow shows HBB-28 pathogenic point mutation base (A>>G) ,and the red arrow shows blocking mutation base

(A>0O)

E 5 #%4 S HiE DNA J5#4T PCR T i 14 &
Fig. 5 Peaks of DNA extracted from total cells of each group for PCR sequencing

CCAGGG CTG6GG6GGCATAAAAGTCAGGGCAGAGCCATCTATTGCTTACATTTGC

Wild type V¥
i l muln e

CCAGGGCTGG6GG6CATABABGTCAGGBGGCAGAGCCATCTATTGCTTACATTTGC

HBB-28 (A>G)
homozygous mutant
cell line (containing
blocking mutation)

n M | ¥ o W\ ﬂ n

The blue arrow shows HBB-28 pathogenic point mutation base (A>>G) ,and the red arrow shows blocking mutation base

(A>0O)

K6 BFEMY HBB-28(A>G) R BT HEK293T 24 I b i 1 i ]
Fig. 6 Sequencing peak maps of wild-type cells verse HBB-28 (A™>G) mutant monoclonal HEK293T cells

3 itie

CRISPR/Cas9 4 [N 4 8 £ A 2 4k £ 15 2% 1 iy
(Zinc-Finger Nucleases, ZFNs) fl%55 5% #0165 K T RE L
I ) ¥ B2 B ( Transcription Activator-Like Effector
Nucleases, TALENs) £ R 2Z J& tH 38 A 275 = 4L 87 1 3%
g AR . CRISPR/Cas9 3 [H 4 i £ AR i 13 5 [7)
sgRNA #i55 Cas9 & H 7F 240 g P #E 3E PRRE 22 A 4 F

TS UL i DNA XUEE Wy 284, 3 10375 % ] 8 41
A () 5K vy 32 422 04 ) FAB S 0k B, S IR0k e R 2 4
SEREM g B AR BB R R ML,
HS Tt A ARCR &, e 259 Rl 2
S AR RN T T
TENEFL 30 W 4 i rp L 3L P HDR 350 %6 A X 2> O
KZHNE BT DSBs i 3E [A] ¥ % #% (Non-Homolo-
gous End Joining, NHED &, 4k, HDR 4+ &
1) 5 DR ACE N 28 i A8 700 1) £ L 35 DRV 7 LAl 3t
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P R4 7 1 A BRSO L OR AR,
PRI, G o] 2 8 HDR B4 451 256 6] $2& 125 G % 200 b 7545
ShE L, Hod, gkt R ssODNs #E AR (1 18 FH L A Bl
T & HDR 4 %, 5 %] H X4 DNA (double
strand DNA , dsDNA) A5 #f 5f HAth 35t 1% B AE #1470 i
Bl AL Bk O B 2R R R 6 T A R B AR OA
ssODNs fF o flE fA 85t H A7 o8 o A9 56 R 4 A 3%
U G hh L dsDNA [R) YR AR MR A7 0 25 4 | [ R
K BEAE S A, A8 E ) AR S EBUE L T ssODNs 4 il B
() 0, HLAN 7 AT A 0 e A 1 3k T DA — 25 58 iU RS
Wl R A SRR S B R H A b — R i 4
K B Y 6 D g B i

Kwart % 1 Paquet %" F] Ffj CRISPR/Cas9
M ssODN 78 A\ 2% 2 T B8 T 40 M b 51 A 5 %29 #H ¢
AR SO 278 I 2 TR 5 1k 95 %6 BY B i B A B B
SR G 1 AT A Y indel SR AEBEIR . M
CORRECT $ K fig U8 47 &4 BH Wr 22 4> f7 45 59 7 1K G
A, 3 9 L T 2 A% B 5 BE DA 1R 0% T R R e B
BN Bl WA 7 FE PR 5 £ HDR 9 20 48 K6 B3 42
o B EE AN ST FE A 10 5 . BH BT 28 A8 B4 7 A5 B 422 30T
PAM fii 45, HDR M2 R ', S T % HDR
(R R AHF 55 — 7 1 Al CORRECT 2 [H g %5 5
HARAE CRISPR/Cas9 1) JIr 75 PAM J3 51| [} 3 8 A
] SC 58 A8 g L 8] HDR #5A o, 7EAR KRB BB IE AR
BT S8, 32 785 T ssODNs 19 AH 4 8 & 300K (G5
97.14%) , A% T 2G5 B 5k HBB-28 (A>G) 4
fkk., 99— m L, AWFFEAE PAM R 5 MBI AL 5] A
FR G PE A PI G Aae [T GG [RURETS BB 4F 1Y) 4 48
MEARR, A ssODNs By 1E [ 5 18] 5 8 4 850K
IS % P, sgRNAT Fl sgRNA2 ¥ 1E 4 5]
A A5, 6 T 2 8 A5 0 1 sgRNAT BB A5, 1 L S ]
ssODNs F 2 G 8058 5 58 26. 41 % F1 22. 25% , M
X He 5 R A R 97, 14 %0 R 97,96 % R IE LR
] 1) ssODN's % AH %48 & 208 52 R K. X T 4w 48
ORI B55 1Y sgRNA2 $5 , 1E L 2 1] ssODNs #
AR A 14, 78 % F 12, 84 % KT 3% A 5% R
SR 79. 4296 F 59. 72 %, FRWIXT sgRNA2 #5011
F . IE 0] ssODNI [ AH X 2 5 3 0 5 . (Hi% 4
A AE T A AL T B PR . R X R
A A AN B DAL BEL OB 2 728 3 (TR L2 728D 1 5] A AN 5
i) 22 18 )5 91 L AR 2 5] A 28 A8 Bl L J2 75 7 DNA 3§
RNA 7K -5 Wi 240 J 1) 7 5% 8 4 15 o8 38 ) BE i AS 7
FE AL R R A LR AT A 8 % S

A IR TR SR AR R T0H B, A 2 UL H R
HIIEI L SRING Shen S5 B T 1 BF 5 % B K £ KT
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Construction and Application of CORRECT - mediated Human
HBB-28 Gene Site-directed Mutagenesis Cell Line

LIU Yongxiang' s MAI Qingyun®, LI Yunshi', MEI Junyan', LIANG Aijun',PENG Xinliang',
ZHOU Ruihong’ ,ZHOU Shaohu' " "

(1. Department of Reproductive Medicine, The First Affiliated Hospital of Guangzhou University of Chinese Medicine, Guang-
zhou, Guangdong,510405, China; 2. Reproductive Medicine Center, The First Affiliated Hospital of Sun Yat-sen University, Guan-
gzhou, Guangdong,510080,China; 3. Guangzhou General Pharmaceutical Research Institute Company Limited, Guangzhou, Guang-
dong,510220, China)

Abstract: In order to establish a new and efficient method named CORRECT (Consecutive re-Guide or re-Cas
steps to Erase CRISPR/Cas blocked Targets) for site-directed mutagenesis and gene repair using CRISPR/
Cas9 system, Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR) online design tool was
used in this study to design small guide RNA (sgRNA) for human $-globin (HBB) gene. PX459-sgRNA-
Cas9 co-expression plasmid was constructed, and then single-stranded Oligo DNA Nucleotides (ssODNs)
containing blocking mutation bases (G>>T) were used as homologous templates. HEK293T cells were trans-
fected with liposomes and the editing efficiency was examined by Sanger sequencing and enzyme digestion
(T7E | and Aatz 1I). Finally,the genotype of HBB knockout monoclonal cells was analyzed by Sanger se-
quencing. The results showed that -thalassemia HBB-28 (A>>G) homozygous mutant HEK293T cell line

was successfully constructed. Blocking mutant base-optimized ssODNs reduced the re-editing of Cas9 protein
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to the target and improved the integration efficiency. The HEK293T cell strain with homozygous point mu-
tation can be efficiently obtained by the novel point mutation technology.which not only provides experimen-
tal basis for the establishment of single base mutation disease model, but also provides an efficient method for
gene repair therapy.

Key words: 3-thalassemia; HBB ; blocking mutation;direct mutagenesis;gene repair therapy
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