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Fig. S1 Generation of HBB CD41-42 (-TCTT) mutant stable HUDEP-2 cell lines.

(a) Schematic of the generation of the HUDEP-2-CD41-42M cell line with the homozygotes HBB

CD41-42 (-TCTT) mutation. The exons of HBB were labeled with blue boxes. The HBB CD41-42

(-TCTT) mutation was indicated in red. The sequences of sgRNA WT for the generation of the

HUDEP-2-CD41-42M cell line were shown in the middle with the PAM sequence shown in grey

background. The ssODNs_CD41-42M for the generation of the HUDEP-2-CD41-42M cell line are

shown below. (b) NGS data shows clear 4 bp deletions at the HBB CD41-42 sites, indicating the

successful generation of the HUDEP-2-CD41-42M cell line. (c) NGS Data showing the reparation

frequency of HBB CD41-42 (-TCTT) mutation in the HUDEP-2-CD41-42M cell line (including the

samples in Fig. 1C), mediated by different sgRNAs (sgRNA 1 or sgRNA 2) with or without



ssODNs. Ctrl, HUDEP-2-CD41-42M cells that were not transfected. (d) Representative DNA

profiles of HUDEP-2-CD41-42M cell line detected by NGS after transfected with Cas9:sgRNA 1

or Cas9:sgRNA 2, with or without ssODNs as templates.



3’ -GGTCTCCAA----CTCAGGAAACCCCT-5"

sgRNA_1

53138691 readsg

-GAGTCCTTTGGGG 49.67% (3160209 reads

GTTCTTTGAGTCCTTTGGGG 49.33%

GTT- - -

GTCTACCCTTGGACCCAGAG
GTCTACCCTTGGACCCAGAG

Ctrl

iﬁ

-GAGTCCTTTGGGG 98.15% (7704402 reads)

5302911 reads)
GTTCTTTGAGTCCTTTGGGG (.78% (61058 reads)

227761 reads
204880 reads
93727 reads
76367 reads
47006 reads
45410 reads
44616 reads
39616 reads
29541 reads
29506 reads
25211 reads
24482 reads
18018 reads
16909 reads
15480 reads
14226 reads

i

22%
21%
3’"-GGTCTCCAA----CTCAGGAAACCCCT-5"'

28%
95%
35%
10%
68%
65%
64%
57%
43%
43%
36%
35%
26%
24%

TTGAGTCCTTTGGGG 3
T
- - T
=
TGAGTCCTTTGGGG(
-TTGAGTCCTTTGGGGU(
-AGTTGAGTCCTTTGGGG(
-GAGTCCTTTGGGG(
-GIICCHTNGGGGO
-lclmc cirGc GGG 0
-CGTTGAGTCCTTTGGGG(
Sc cliiiiic G 66 0
-AGTCCTTTGGGG(

GTCTACCCTTGGACCCAGAG|- - = = = = = =« = = « =« o =« « « o« = =
SBTE G AN G B C CRIEIRE G G G G (

- TTGAGTCCTTTITGGGGQ(Q

GIF CHIIAIC C CITIITE G GEAIC C CEAIG = -ij= = = = = = =t =

<< <
0o
0 oo
0o
<< <
[CNGRU]
0o0o
-
-
0o
0o
0o
<< <
-
00O
-
0o0o

G cirjAic c c il G G[Alc e clAl G A GG e c i c IRl c FRc cIiTlE G G G G 76.44%

GTCTACCCTTGGACCCAGAG!- -
GIEC  EIREC CCITNTG - - - - = = = = -l < - o o - o

GTCTACCCTTGGACCCAGAG!- - - - -
GTCTACCCTTGGACCCAGAG;- - - - - -
GTCTACCCTTGGACCCAG - -j- - - -
GTCTACCCTTGGACCCAGAG!- -
GTCTACCCTTGGACCCAGG -1- - - -
GTCTACCCTTGGACCCAGAGI- - - - - -
GUTCTACCCTTGGACCC CHAIGAG]- - - - - - = -
GTCTACCCTTGGACCCAGAGI- - - - - - -
GF CIIAIC C CHINE G G = = = = - -

Edited

bold Substitutions

Insertions

Deletions
----- Predicted cleavage position

O

sgRNA_1

GTT- - -

GTCTACCCTTGGACCCAGAG
GTCTACCCTTGGACCCAGAG

Ctrl

—
)
T~
BN N DD U YN YD D)
OTTTTTTTTONNDNNDDNNDDNDNDNNDVNNDDNVADNON®ON
—OECECCCCCCTTUTCTTTTCTTTTVTTTTTTTTTTTTTTT
DVVVVPDVVD T T T T T T DT T T DT T T DT TTT T DT TS
OEESEE oot 00000000000000000000VDDOO
SoaompbonpoErEEEREDec SRSt CEE SRR S0 O
NOOOITINODANOORODITNO D HMNO NN WON SN~
DOANNSNOND—HOMINMNEOONNNOMNAHOMNFONT O©OLD©
DOV HANTAONONROONONRIHONILIOONNI AN HAOO D
MOONOCONNALTNHAORDNONALDDIND OO ND DN~ OOM < <
SISO ddE I IS ST OOONNNNNNAA AT AT
R B e B E D B e 6 SE e e e mm i s
T T S R S T S T S S D T
ONDNOOVANRTNODNNONOORNNAHAOO DN~ O LD NN —
HSONONNOOOONVWOOWOIIIIIIIMNNONNNNNNNNN
FTOOWNANAA—Td 0000000000000 O
VDOOVLOLOOVOLVLO F VOOOOBOVOOLOOLO : VOOBLOOOLOLOLOOLOLOLO
COOOVVLOOOVLY FVOLOOLOLOOOOOL  VDOLOLOOLOLOLO  VOLOO
VDOOVVOVLOOVOVVLO FVOVOVOBVOOLOOO  VOVO VOO VOOO
VOOOVOLOOVOLOY :VVOOOOVOOLY O :OVOOO VOO :VOLOO
[ e e e e I e e I o S e o S
[ e e e e e R T T e T
I e el e T el o el e i e e R SR Sy S ST S o SR S
01001010 O10OFOIO | HIGIO VIO 00T O IO oo o O [T HORO OO TG
olvulgloiololoiololol Holouiololorololol ol Tioloio oot Hlo o g
[ e e e e T e e e e el T I o o I (S
O ' 00VLOOVOVOO VOOOOVOY  +O IOOOO OO+ + OO
T HEEREEEE DR EE B oEEEE o= " "R
OO0 000000 o0V OO IERO B0 0.0 0o o FRdo ERo
I i T S e S PR S S S = B e Sl o =l T e i =
sl e R = R I N s e B B e Y = T S =
1 gl I e e RO et M0l e RO IO o Bl el = BOH B TOR F [ T o B o e B |
il B = R R S S EER TS MU R o 2 EOR T2 A B =) ol Mo B i W 19 i |
[ N 1 —: T S AT TN SR (P~ (GO Ut T -~ S S i - e T S R A L
1, (Gl SOAETY =, 0 B 16 2 ol o ol 0 o o e O | B el s . N e Il sl e o RO R
O FGE © o Rl P s R R o Sl o S|P o, ki
OO0 OOOEEOIOO OO O OFIEENO GEEEO BEaE O O O BEO O O O
CLCLCLCLCLOL + L LLC 0 L L L LT
VCOOVVLOOOLOLOOO VOO +t OB +OIO VOO OOOO
CCCLCLCLCLCLCLCLCLCLC <L 1 CC ' << CCCOCCCL
CRSIENCEHENEI EHEIEAEENE SN ERET o G SIS G R S o LY SN T EERET
VLVLLOLOVLVLOVLLLVLLVLOLOL ' VOLY +VOV  +0IVLOLLOLOLVLLLOLOVLOL !
VDOLLVLOVLVLOVLOLOLLVLOVLO T VOLOVLOL VO +OIVOLLOLVOLLLLOLLOLO »
CCLCLCLCLCLCLCLCLCLL L A< COICLCICLCLCCLCLCCL
VDOOVVLOVOVOVVLVLOOVLOLVLOOOY OO tVOLOLOLOOLOLOOOOO
VDOOVLOLOOVOLVLOOVLOLOLOOOOLOLOBOO : VOOBLOOLOLOLOLOOOO -
FEFFFRFRERFRFRFRERRRRRRRRRRE  FEERRFRRRRRRERE
FFFFFRFRRFRFRRERFRRRRRFRRRR FEFRRFRRRRRRRR
VOLVLVLVLOVLLVLLLVLVLVLLOLLVLLVLLLVLLLL rVVLVLLVOLOLLLVLLOLOVLOL !
VOLVLLVLLVLOLLOLLVLVLLLLOLLVLLVLLOLLL r DOLLLVLLLOLVLLLLOLO ¢
VLVLLVLVLOVLVLOLLLVLVLVLLLLVLOLLVLLVLLOLLVLL VVLLVLLLOLVLLVLLOLOLO !
CCLCLCLCLCLCLCLCLCLCLCLCLLCLCLCLCLCLCL  CQCECLCLCLCCCLCLCCL
FFFFRFRFRFRFRFRFRFEFERFRFRFRFRFRFEFRFRF FERFRRRFRFRRFRRR.
VVLVLLLDLVLLVLOULVDLVLVLLLLDLOVLLULVLLDLOLL rDOLVLLLOLLLLLOLO !
FFFFFFFFRFRFFRFRFRFRFRFRFRERFEFER FFFRFRFRFERFRFRRRE
VCOOVLVLOOVOLVLOVOOLOLOOVOOLOLOO t DOOLOOLOLOLOOOOO !

°

[

=

kel

L

bold Substitutions

Insertions

Deletions
----- Predicted cleavage position

O

heterozygote or homozygote

iency in

Fig. S2 Examples of NGS data showing correcting effic

HBB CD41-42 (-TCTT) patient-derived CD34" cells.

(a) Representative DNA profiles of heterozygote HBB CD41-42 (-TCTT) patient-derived CD34+

cells detected by NGS 96 h after transfected with Cas9:sgRNA 1 and ssODNs as templates. (b)



Representative DNA profiles of homozygote HBB CD41-42 (-TCTT) patient-derived CD34+ cells

detected by NGS 96 h after transfected with Cas9:sgRNA 1 and ssODNs as templates. The

sequence of sgRNA 1 was shown at the top with the PAM sequence shown in grey background and

the HBB CD41-42 (-TCTT) mutation shown in red. The bordered sequences indicated the

substitutions. The red boxes indicated the insertions. The short line indicated the deletions. The

vertical dotted line indicated the predicted cleavage position.
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Fig. S3 Representative FACS plots of cultured erythroid cells after erythroid differentiation

of patient-derived CD34" cells in vitro.

(a) FACS plots of the progeny cells after erythroid differentiation of heterozygote HBB CD41-42 (-

TCTT) mutation patient-derived CD34+ cells (41-42/654) in vitro were shown as representative. (b)

FACS plots of the progeny cell after erythroid differentiation of homozygote HBB CD41-42 (-TCTT)

mutation patient-derived CD34+ cells (41-42/41-424) in vitro were shown as representative.

Erythroid maturation was assessed by flow cytometry on the hCD235a+ fraction. The percentage of

HBB+ cells in the hCD235a+ population was also analyzed. Ctrl indicated the untransfected HSPCs.

Edited indicated the HSPCs transfected with Cas9:sgRNA 1 RNP and ssODNs as templates.
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Fig. S4 Representative FACS plots of progeny cells from NCG-X mice after
xenotransplantation of patient-derived CD34+ cells.

Representative FACS plots of the progeny cells in the engrafted mice bone marrow 16 weeks after
xenotransplantation. The percentage of human cells (hCD45+), HSPCs (hCD45+/hCD34+),
erythroid cells (hCD235a+), and the HBB+ cells (hCD235a+/HBB+) population was analyzed by

flow cytometry.
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Fig. S5 Correcting HBB CD41-42 (-TCTT) mutation in patient-derived CD34+ cells improved the
B-globin expression in the bone marrow of engrafted mice 16 weeks post-transplantation.

(a) Western blot analysis of the a-globin and -globin expression in the bone marrow of engrafted
mice 16 weeks after transplantation, with f-actin served as an internal control to relative expression
analysis. The -globin/a-globin ratio normalized to the average ratio in the control group is shown
below. (b) Statistics of the B-globin/a-globin ratio in the bone marrow of engrafted mice 16 weeks
after transplantation, as in (a), normalized to the average ratio in the control group. The full
uncropped blot images were given in the Online Resource. Ctrl indicated the mice transplanted with
untransfected HSPCs, while Edited indicated the mice transplanted with HSPCs transfected with

Cas9:sgRNA 1 RNP and ssODNs as templates. **, P < 0.01 (by unpaired ¢ test).
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Fig. S6 Repopulation and effectiveness of patient-derived gene-edited CD34" cells 26w after
xenotransplantation.

(a) The human engraftment in the bone marrow of engrafted mice 26 weeks after transplantation,
shown as the percentage of hCD45+ cells within the population of CD45+ cells (mouse and human)
detected by flow cytometry. (b) Multilineage reconstitution was shown as the percentage of HSPCs
(hCDA45+/hCD34+), T cells (hCD45+/hCD3+), B cells (hCD45+/hCD19+), myeloid cells
(hCD45+/hCD33+), NK cells (hCD45+/hCD56+/hCD16+), and erythroid cells (hCD235a+) in
bone marrow of engrafted mice 26 weeks after transplantation. (c) The percentage of HBB+ cells
within the population of hCD235a+ cells in the bone marrow of engrafted mice 16 or 26 weeks after
transplantation, which was detected by flow cytometry. (d) Western blot analysis of the a-globin
and B-globin expression in the bone marrow of engrafted mice 26 weeks after transplantation, with
B-actin served as an internal control to relative expression analysis. The B-globin/a-globin ratio

normalized to the average ratio in the control group is shown below. The full uncropped blot images



were given in the Online Resource. (e) Statistics of the f-globin/a-globin ratio in the bone marrow

of engrafted mice 26 weeks after transplantation, as in (d), normalized to the average ratio in the

control group. (f) Statistics of the functional reparation frequency of HBB CD41-42 (-TCTT)

mutation in the input HSPCs and the cells derived from the bone marrow of engrafted mice 26

weeks after transplantation, which was detected by NGS. Ctrl indicated the mice transplanted with

untransfected HSPCs, while Edited indicated the mice transplanted with HSPCs transfected with

Cas9:sgRNA 1 RNP and ssODNs as templates. The data represent the mean = SD for 2 to 13

engrafted mice transplanted by unedited or edited homozygote HBB CD41-42 (-TCTT) patient-

derived CD34+ cells. Each dot represented a single recipient mouse. **, P <0.01, *, P <0.05 (by

unpaired ¢ test).



Fig. S7 Overview of the 103 candidate off-target sites for Cas9:sgRNA 1 RNP predicted by

SITE-seq analysis and CRISPOR.

The candidate off-target sites prediction by both SITE-seq with 90 nmol RNP and either SITE-seq

with 256 nmol RNP or CRISPOR was pointed out. The sequence of on-target sites and PAM was

shown at the top. Dots represented matches to the on-target site, while the colored nucleotides

represented mismatches.



