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FIG. 2D
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FIG. 5B
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FIG. 5D
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FIG. 7A
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FIG. 7C
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FIG. 7E
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FIG. 9A
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FIG. 9C
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FIG. 13C
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FIG. 14C
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FIG. 15A
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FIG. 15C
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FIG. 17B
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FIG. 17D
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FIG. 18A
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FIG. 18E
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FIG. 21A
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FIG. 22C
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FIG. 24D
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FIG. 25B
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FIG. 25D
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FIG. 26A
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FIG. 26C
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FIG. 29E

FIG.29D
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FIG. 29G
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FIG. 29H
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FIG. 31A
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FIG. 32C
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FIG. 32D
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FIG. 33A
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FIG. 36B
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FIG. 36C
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FIG. 37A
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FIG. 37B
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FIG. 39A
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FIG. 39B
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FIG. 39B cont'd
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FIG. 42A
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FIG. 42C
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FIG. 44A
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FIG. 44C
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FIG. 44D
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FIG. 47A
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FIG. 52
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FIG. 55C

v

TGTCCCCTCCACCCCACAGTGGGGCCACTAGGGACAGGATTGGTGACAGARRAGCCCCATCCTT

e A ARG P GGTGACAGAAAAGCCCCATCCTT
TCT CCCC T CCRATICCEACE———— i i s i GATTGGTGACAGAARAGCCCCATCCTT
TGTCCCCTCCACCCCACAGTGGGGCCACTAGG———————————— GACAGAARAGCCCCATCCTT
TGTCCCCTCCACCCCACAGTGGGGCCACTA-—————————- GGTGACAGAAAAGCCCCATCCTT
TGTCCCCTCCACCCCACAGTGGGGCCACTAG—————————- GGTGACAGAAAAGCCCCATCCTT
TGTCCCCTCCACCCCACAGTGGGG————————— CAGGATTGGTGACAGAARAGCCCCATCCTT
TGTCCCCTCCACCCCACAGTGGGGCCACT—————- AGGATTGGTGACAGAARAGCCCCATCCTT
TGTCCCCTCCACCCCACAGTGGGGCCACTAG————- GGATTGGTGACAGAARAGCCCCATCCTT

TGTCCCCTCCACCCCACAGTGGGGCCACTAGGGACA-GATTGGTGACAGAAAAGCCCCATCCTT
TGTCCCCTCCACCCCACAGTGGGGCCACTAGGGAC-GGATTGGTGACAGAAAAGCCCCATCCTT

TGTCCCCTCCACCCCACAGTGGGGCCACTAGGGACAGAGGATTGGTGACAGAARAAGCCCCATCC
TGTCCCCTCCACCCCACAGTGGGGCCACTAGGGACAGCAGGATTGGTGACAGARRAGCCCCATC

(SEQ ID NOs: 6-18)

FIG. 55D

?p sgRNA targeting site
AAVST locus /

< | 3homology 7 _ 5'homology | —>

JAd-GFP-donor

SV40pA

0.8kb 0.8kb
4.7kb
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FIG. 55E

< Donor cassette

vV N\
N>R
FIG. 56A
Day 1: transduction
HDAd-GFP-donor + HDAd-CRISPR or
HDAd-IR-mgmt/GFP + HDAd-SB
Day 2 Day 21
i | o Yy Day 35
JDEP-2 i P‘ Single cell-derived clones
- GFP flow - Sort GFP* cells ——p
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FIG. 56C
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FIG. 56F
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FIG. 58A

HDAd-CRISPR (vp/cell)

FIG. 58B
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FIG. 59C
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FIG. 60A
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FIG. 60C
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FIG. 60E
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FIG. 61A
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FIG. 61C
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FIG. 61E
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FIG. 62A
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FIG. 62C
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FIG. 62E
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FIG. 63A
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FIG. 63C
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FIG. 63E
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FIG. 64C

' ] L 1 1

o O O O O o
o O © =T

—

sOgY Ul s||80 ,uiqo|B-. %

FIG. 64D

] I 1 1
S O O O o
R © < «

100 -

s||82 ,ulqo|B-/L uewny 9%

00_0 0

0

*Aﬁ 1.00
.|
m|m ]

%




126/351

FIG. 64E

*

.
-

m Ter119”
O Ter119

¥
N
T

2000 +
1500 A

uoissaldxe uiqo|B-/ Jo |4

FIG. 64F

oo o
VNN

r
o
o™

o o o

N o

ulejold Jolew-ejaq asnowl
JO uIqo|B-4 uewny o




127/351

FIG. 64G

S o
TCOIoT

=) o o = o
< ™ N -

WNMW Jolew-ejaq asnouwl
JO uIqo|B-/ o

FIG. 64H

° o“ _“_ ° X
" UTT . -
.
® l‘_ & -
oo “ _TO._ o
I 1 1 1
<t (4p] (qV ~— o

|82 Jad # Adoo auasbsue.]




128/351

FIG. 65A
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FIG. 66A
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FIG. 66C
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FIG. 67A
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FIG. 67C
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FIG. 67E

o o o o o

< ™M N -
Jolew-ejaq asnoul
JO0 ewweb uewny o

FIG. 67F

o o o o o

< ™ AN -

WAMW Jolew-ejaq asnouwl
JO UIqo|B-~ o




134/351

FIG. 67G
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FIG. 68A
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FIG. 68C
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FIG. 70
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FIG. 71B
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FIG. 72C
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FIG. 74A
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FIG. 74C
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FIG. 75
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FIG. 78E
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FIG. 79A
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FIG. 79C
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FIG. 80C
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FIG. 82B
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FIG. 83A
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FIG. 83D
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FIG. 84A
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FIG. 88A
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FIG. 88C
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FIG. 88F
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FIG. 88F cont'd
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FIG. 88G cont'd
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FIG. 89C
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FIG. 90H cont'd
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FIG. 91C
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FIG. 94C
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FIG. 94L
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FIG. 97B
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FIG. 107B
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FIG. 108A
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FIG. 108B
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FIG. 108D
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FIG. 133D

sgHBG#2
HBG1
v

C C A T \ A G C C T T G A C A
T/ 0 100100 0 0 O O O O 100 0 O O O 100100 0 0 O
G| 0O O O 100 40 0 O 3 1t O0 2 100 0 0 O O0 100 0 0 O
C(100 0 0 O O 100100 0 0 O O O 100100 0 O O 0 100 O
Al 0O 0 O O 6 o0 o0 70 9 0 98 0 0 O O O 0 100 0 100

(SEQ ID NO: 250)

C A G C C T T G A C A
T/ 0 100100 0 0 O O O O 100 O O O O 100 100 O O 0
G| 0O 0O O 100 40 0 O 34 1 0 O 100 0 0 O O 100 O o0 O
cj{100 0 0 0 0 100 100A 0 0 0 O O 100100 0 O O O 100 O
Al O 0 0 O 60 O O 66 99 0 100 0 0 O O O O 100 O 100

(SEQ ID NO: 250)
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FIG. 147
i 20-bp protospacer {

Cytidine base editor NMINNNNNNNNNNNNNGG
C2>T

at positions 3-8

| I jf\ M l Wild type sequence
AAAARALE le [N Underlined: GATAA motif

TTTATCACAGGCTCCAGGAAGGG Bold: PAM motif
(SEQ ID NO: 269)

|
b

\ ‘ :‘ I‘ ' " I} ;'
| A '* (1 Base edited sequence
[y anl Arrows: edited bases

R S

‘ TTTATCACAGGCTCCAGGRAGGG  Purple:disrupted base of GATAA motif

(SEQ ID NO: 269)
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FIG. 150
Reactivation of HbF by Base editing
Cytidine base editor:C> T
Adenine base editor:A-> G
Constructed vectors:
pBS-AncBE4max-sgBCL11AE1 +58 GATA motif, G--> A
pBS-AncBE4max-sgBCL11AE2 +58 GATA motif, G--> A
pBS-ABEmax-sgBCL11AE3 +58 GATA motif, T-->C
pBS-ABEmax-sgBCL11AE4 +58 GATA motif, T-->C
pBS-AncBE4max-sgHBG1 13bp deletion, CCAATbox, CC-->TT
pBS-ABEmax-sgHBG2 13bp deletion, CCAATbox, A--> G
pBS-ABEmax-sgHBG3 13bp deletion, CCAATbox, T-->C

pBS-ABEmax-sgHBG4 -198T->C

pBS-AncBE4max-sgR5-1 control
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FIG. 151
Full name Titer
HDAdS5/35++ BE4max-
sgBCL11Ael-FI-mgmtGFP 0.5 x 10el2
HDAdS5/35++ BE4max-sgHBGl- very low (use
FI-mgmtGFP 0.05 x 10el2)
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FI-mgmtGFP 2.8 x 10el2
HDAdS5/35++ ABEopti-sgHBG4-
FI-mgmtGFP 1.52 x 10el2
HDAdS5/35++ BE4max-Duall- very low (use
FI-mgmtGFP 0.05 x 10el2)
HDAdS5/35++ ABEopti-Dual-
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FIG. 154H
Single cell clones

HBG2, Clone #5
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FIG. 154L
Single cell clones

HBG2, Clone #9
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FIG. 154M

Single cell clones

HBG2, Clone #10
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FIG. 154N

Single cell clones

HBG2, Clone #11
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FIG. 154Q FIG. 154R
Single cell clones Single cell clones
HBG4, Clone #1 HBG4, Clone #2
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FIG. 154S
Single cell clones

HBG4, Clone #3
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FIG. 156A
T7-sgBCL11A-6FR—6R T7-sgBCL11A-6FR—6R

|l||,{"J 'R ‘

! )
\

A U

TTTTATCACAGGCTCCAGGAAGG
(SEQ ID NO: 275)

|
HEIne |

TTTATCACAGGCTCCAGGAAGGG
(SEQ ID NO: 269)

GATAA motif GATAA motif
FIG. 156B
sgBCL11Ae3 sgBCL11Aed
T7-sgBCL11A-6FR—6R T7-sgBCL11A-6FR6R

.!.'[ LA ‘J\J J | ‘

TTTATCACAGGCTCCAGGAAGGG TTTTATCACAGGCTCCAGGAAGG

(SEQ ID NO: 269) (SEQ ID NO: 275)
GATAA motif GATAA motif
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FIG. 156C

sgHBG1 sgHBG2
T7-sgHBG-7FR—7R T7-sgHBG-7FR—7R

CTTGACCAATAGCCTTGACARAGG

CTTGACCAATAGCCTTGACAAGG

TGACCA motif (SEQ ID NO: 276) TGACCA motif  ccaaT  (SEQ ID NO: 276)
CCAAT box
box -113A>G
-114t0-115CC>TT -116 A>G
FIG. 156D
sgHBG3
T7-sgHBG-2FR—4F
sgHBG4

T7-sgHBG-2FR—4F

yf | )
AAIL L l.l.[ AL A U.l 2 1 l l (|
GCTATTGGTCRAAGGCAAGGCTGG U \ / \_J

TGACCA motif
C‘;ﬁfT (SEQ ID NO: 277)

GTGGGGAAGGGGCCCCCAAGAGG

111 T>C 198 T>C (SEQ ID NO: 278)
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FIG. 158

FIG. 157
v-globin expression (HUDEP-2)

Ake Ake Axke

il

AXx® Axe Axe

*

A

m4dpt mDiff3d m Diff 6d



344/351

FIG. 159A
sgBCL11Ael

T7-sgBCL11A-6FR—6R
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TTTATCACAGGCTCCAGGAAGGG

. TTTTATCACAGGCTCCAGGAAGG
(SEQ ID NO: 269) —_— (SEQ ID NO: 275)
GATAA motif GATAA motif
FIG. 159B
RESGLELASS sgBCL11Ae4

T7-sgBCLT1A-GFR-6R T7-sgBCL11A-6FR—6R
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IRV A W
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(SEQ ID NO: 269)
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FIG. 159C

sgHBG1 sgHBG2
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- - CTTGACCAATAGCCTTGACAAGG
CTTGACCARTAGCCTTGACRAGG TGACCA motif  ccAAT (SEQ ID NO: 276)
TGACCA motif _(SEQ ID NO: 276) '

box
box -113A>G
-114to-115CC>TT -116 A>G
FIG. 159D
sgHBG3
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| |
‘ | ' | l
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CCAAT TGACCA motif

box (SEQ ID NO:277) GTGGGGAAGGGGCCCCCAAGAGG
-111 T>C -198 T>C (SEQ ID NO: 278)




346/351

y3g-ulqolb-pyaH 4

dHdSIHO-LSAVVY-PYAH ¥

MO-pydH =

paonpsuenun e

19l 'Ol

(1430) d49 /3wBw-14-1-GYSs-xewp3g-yIHd |013U0D
d19/3wdw-|4-y9gH3s-xew3gy-yIHd ) <—-186T-
) <1 X0q | YY)D ‘uonaep dqet
d419/3wsw-14-z9gHSs-xew3gy-yoHd O <-- Y ‘X0q | YY) ‘Uonajap dqst

11 <22 ‘X0q | yyI) ‘uonajep dqet

D) <1 ‘owy1yo 8G+
D) <1 ‘oW y1yo 8G+
V <9 JIowylyo 85+
d49/3wsw-|4-T3y1110g8s-xewy3g-yIHd V <9 ‘Jlow ylyo 85+
:$30n41sU0d py Sulpuodsaiio)

ote

o
N
S|I83 +G¥ADNY %

T
o
(<0}

T-SY3s-xew3gouy-sgd

#-1OgHSs-xew3gy-sgd
€-TOgH3s-xew3jgy-sgd
-T1OgHSs-xew3gy-sgd
I-19gH8s-xew3gouy-sgd

73IVIT1Dg9s-xew3gy-sgd
€3VTT1Dg8s-xew3gy-sgd
Z3VIT1Dg8s-xewp3gouy-sgd

13VITIDg8s-xewp3gouy-sgd
:S10])00A _uwuuz._umcou

(uonesedaud 1xe Japun) uoinonpoud sniIA pydH 404 $10NJ3SU0D Pa1d3|as

091 Old




347/351

FIG. 162
Transient transfection of HUDEP-2 cells:
(cleavage by T7EIl)

Bcllla enhancer

#1 #2 #3 84 85 86 &7 #8 #5 #10 #11 #12 ctrl
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