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Supplementary Figure 1: Lineage hierarchy of human hematopoietic stem cells. Major classes of
stem and progenitor cells, which are defined by cell surface markers. Long-term hematopoietic stem cells
(LT-HSCs), which are defined by the expression of CD49f and other markers, constitute to only about 0.1 -
1% of bulk CD34+ hematopoietic stem and progenitor cells (HSPCs). LT-HSCs give rise to various types of
progenitor cells including short-term hematopoietic stem cells (ST-HSCs), multi-lymphoid progenitor cells
(MLPs), common myeloid progenitor cells (CMPs), granulocyte/macrophage progenitor cells (GMPs) and
myelo—erythroid progenitor cells (MEPs). MEPs terminally differentiate into erythrocytes and megakaryo-

cytes.
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Supplementary Figure 2: Flow cytometry sorting scheme. Lineage depleted neonatal cord blood was

utilized to  sort

LT-HSCs

as

CD45+CD34+CD38-CD45RA-CD90-CD49f-
CD45+CD34+CD38+CD10/19-CD7-CD45RA-FLT3-.

and

CD45+CD34+CD38-CD45RA-CD90+CD49f+,

MEPs

ST-HSCs

as
as



a

Wagenblast et al. Supplementary Figure 3

CD38-PE-Cy7

3
© 10% o
"6 4
je]
O 3
(J) 10
lﬁ;' E ]
1 CD}Q#—,CD}.E o ;
10t 3
1o’ CD45RA-FITC
° i g —
N : CD341+D,-§D35f m;_ CD4SR.;\—-,CD90+ 105_ 105.
2 g g Wi ux
CD34-APC-Cy7 < < < ] '
o o o
D (2] [«2]
8 5 I
o 4 L§4.3 o 4
CD45RA-FITC CD49f-PE-Cy5 CD49f-PE-Cy5
LT-HSCs ST-HSCs CMPs MEPs
~ DN ~ DN
L>)‘ 6 (3‘ 104" 6 104"
i B B 5]
¢ © ¢ o)
§ 8 § 1005 8 1005
(&) o o 3 o 3
oq oq
—103: —103:
e 1w b e 1w
CD34-APC-Cy7 CD34-APC-Cy7 CD34-APC-Cy7
105' 10;' 10;'
o [Te)
8 8 10% = 8 10 = 8 10 =
< < 5 ] g
8 g g g
8 8 10% o ﬁ) 10% 4 'O_) 10% 4
f Hod T
o d R Loy
-lﬁa : -103 ; -lﬁ; : L -lﬁ; :
:lﬁ;l "; I Ilﬁ; I ‘104 I Ilos 110" 0 lﬁa 104 I Ilﬁ; 1103 o 103 I llﬁ‘ 10; 1103I "; 103 I llﬁ‘ 10;
CD45RA-FITC CD45RA-FITC CD45RA-FITC CD45RA-FITC
%_) 10% o %_) 10* =
T < 24 hours post-sort
& S
8 10% 8 10° o
E E . 48 hours post-sort
o g o 3
10 3 -10° . 72 hours post-sort
!10; "; Ilﬁs ‘lﬁ4 I105 1lﬁ; Ilﬁs

CDA49f-PE-Cy5

CDA49f-PE-Cy5




Wagenblast et al. Supplementary Figure 3

Supplementary Figure 3: Analysis of immunophenotypic cell surface markers after in vitro culture.
a Lineage depleted cord blood was sorted into LT-HSCs (CD45+CD34+CD38-CD45RA-CD90+CD49f+),
ST-HSCs (CD45+CD34+CD38-CD45RA-CD90-CD49f-), CMPs
(CD45+CD34+CD38+CD10/19-CD7-CD45RA-FLT3+) and MEPs
(CD45+CD34+CD38+CD10/19-CD7-CD45RA-FLT3-) and cells were cultured for 24, 48 and 72 hours. b
Immunophenotype of previously sorted LT-HSCs, ST-HSCs, CMPs and MEPs after 24, 48 and 72 hours in
culture.
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Supplementary Figure 4: CRISPR/Cas9-mediated isoform assignment to GATA1-Short and -Long. a
Gel electrophoresis analysis of single cell-derived colonies that were CRISPR/Cas9 edited with control
gRNAs. Only homozygous knock-out colonies were utilized in the analysis. b Gel electrophoresis analysis
of single cell-derived colonies that were CRISPR/Cas9 edited for GATA1-Short. GATAT1 is located on the
X-chromosome and only male cord blood samples were utilized. ¢ Sanger sequencing analysis of single
cell-derived colonies that were CRISPR/Cas9 edited for GATA1-Long. The alternative start site was mutated

from ATG to CTC and the PAM sequence mutated from GGG to GGC to avoid repeated cutting by the
gRNA.
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Supplementary Figure 5: Off-target analysis of CRISPR/Cas9. a Total number of single cells sorted,
number of single cell derived colonies and number of CRISPR/Cas9-edited colonies for each cell type for
the in vitro differentiation assay (n = 3 experiments with independent cord blood pools). b Off-target
cleavage efficiency of genomic loci that were similar in sequence to the gRNA target sequence (n = 20-30
single cell-derived colonies per genomic loci). ¢ G-banding karyotype analysis on control, GATA1-Long
and -Short CRISPR/Cas9-edited cells (n = 20 metaphases per condition, shown one)
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Supplementary Figure 6: Single cell in vitro differentiation assay. a Capillary-based western assay of
GATA1 in bulk MEPs that were CRISPR/Cas9 edited with control, GATA1-Long and GATA1-Short gRNAs and
cultured under erythro-myeloid conditions for three days (n = 2 experiments, second western assay is
shown in Fig. 2¢). b Lineage output from the in vitro single cell differentiation assay of individual CRISPR/-
Cas9 edited LT-HSCs, ST-HSCs and MEPs with control, GATA1-Short and GATA1 Exon 2 splice mutation.
Numbers of single cell colonies with positive genotype are indicated at each condition (E = erythroid, M =
myeloid, Meg = megakaryocytic, n = 3 experiments with independent cord blood pools, number of single
cells assessed in each condition is indicated in each bar graph, unpaired t-test P < 0.01 for E, M, Meg in
GATA1 splice mutation versus Control among ST-HSCs and MEPs). ¢ Overall percentage of erythroid,
myeloid and megakaryocyte containing colonies from single cell in vitro differentiation assay with GATA1
Exon 2 splice mutations (E = erythroid, M = myeloid, Meg = megakaryocytic, n = 3 experiments with inde-
pendent cord blood pools, unpaired t-test P < 0.05 for % Meg in GATA1 splice mutation versus Control
among ST-HSCs and MEPs). d Genomic DNA sequences upon CRISPR/Cas9 induced cleavage at the 5’
splice junction of exon 2 and their frequencies. Conserved sequence of wildtype 5’ exon splice site is high-
lighted in red (5’ end) and blue (3’ end). e Percentage of CRISPR/Cas9 efficiency as determined by single
cell-derived colonies that were positive for STAG2 knock-out (only frame shift mutations). STAG2 is located
on the X-chromosome and only male cord blood samples were utilized (n = 3 experiments with indepen-
dent cord blood pools and >50 colonies per experiment). f Sanger sequencing analysis of single cell-de-
rived colonies that were CRISPR/Cas9 edited for STAG2 knock-out. Example of a frame shift mutation is
depicted. Error bars represent standard deviations.
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Supplementary Figure 7: Setup of near-clonal xenotransplantation in NSG mice. a Limiting dilution
analysis (LDA) of LT-HSCs transplanted NSG mice at varying doses for 20 weeks revealed a stem cell
frequency of ~1/100 (n = 1 experiment). b Percentage of control and GATA1-Short edited LT-HSCs injected
NSG mice with engraftment of >5% in the RF (based on human CD45+ expression) from each of three the
cohorts (n =3 experiments with independent cord blood pools). c Percentage of control and GATA1-Short
edited LT-HSCs injected NSG mice with high CRISPR/Cas9 knock-out efficiency (>90% based on PCR and
Sanger sequencing) from each of the three cohorts. d Number of mice utilized in each cohort and the
number of mice that were used for analysis after validation of the CRISPR/Cas9 edit. e Analysis of chro-
matograms from cells of the RF of control and GATA1-Short edited LT-HSCs injected NSG mice. Percentage
of aberrant sequencese at the gRNA cut site were utilized to assess CRISPR/Cas9 efficiency. f Examples of
chromatograms from cells of the RF of control and GATA1-Short edited LT-HSCs injected NSG mice. Note
the single clonal engraftment of a GATA1-Short edited LT-HSCs injected NSG mice based on the single
chromatogram trace (second from top). g Sanger sequencing of individual colonies from methylcellulose
colony formation using LT-HSC transplanted mice. No wildtype GATA1 colonies were detected (n = 5 mice).
Error bars represent standard deviations.
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Supplementary Figure 8: Analysis of near-clonal xenotransplantation in NSG mice. a Percentage of
CD33+CD45+ myeloid cells in control and GATA1-Short edited LT-HSCs injected NSG mice in RF and BM (n
= 3 experiments with independent cord blood pools, unpaired t-test P < 0.05 for RF GATA1-Short versus RF
control). b Percentage of GlyA+CD45- erythroid cells in control and GATA1-Short edited LT-HSCs injected
NSG mice in the RF and BM. ¢ Percentage of CD3+CD45+ T-cells in control and GATA1-Short edited LT-HSCs
injected NSG mice in the RF and BM. d Percent distribution of all cell lineages in control and GATA1-Short
edited LT-HSCs injected NSG mice in RF and BM. e Absolute cell numbers of CD19+CD45+ lymphoid cells
in control and GATA1-Short edited LT-HSCs injected NSG mice in RF and BM (unpaired t-test P < 0.01 for RF
GATA1-Short versus RF control). f Absolute cell numbers of CD33+CD45+ myeloid cells in control and
GATA1-Short edited LT-HSCs injected NSG mice in RF and BM. g Absolute cell numbers of CD41+CD45-
megakaryocytic cells in control and GATA1-Short edited LT-HSCs injected NSG mice in RF and BM
(unpaired t-test P < 0.005 for RF GATA1-Short versus RF control). h Absolute cell numbers of GlyA+CD45-
erythroid cells in control and GATA1-Short edited LT-HSCs injected NSG mice in RF and BM. i Absolute cell
numbers of CD3+CD45+ T-cells in control and GATA1-Short edited LT-HSCs injected NSG mice in RF and
BM. Error bars represent standard deviations.
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Supplementary Figure 9: Setup of near clonal xenotransplantation in NSGW41 mice. a Limiting dilu-
tion analysis (LDA) of LT-HSCs transplanted NSGW41 mice at varying doses for 12 weeks revealed a stem
cell frequency of ~1/175 (n = 1 experiment). b Percentage of control and GATA1-Short edited LT-HSCs
injected NSGW41 mice with engraftment of >5% in the RF (based on human CD45+ expression, n = 3
experiments with independent cord blood pools). ¢ Percentage of control and GATA1-Short edited
LT-HSCs injected NSGW41 mice with high CRISPR/Cas9 knock-out efficiency (>90% based on PCR and
Sanger sequencing). d Number of mice utilized in each cohort and the number of mice that were used for

(1]

% Mice with CRISPR edit
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analysis after validation of the CRISPR/Cas9 edit. Error bars represent standard deviations.
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Supplementary Figure 10: Analysis of near clonal xenotransplantation in NSGW41 mice. a Percent-
age of CD19+CD45+ lymphoid cells in control and GATA1-Short edited LT-HSCs injected NSGW41 mice in
RF and BM (n = 3 experiments with independent cord blood pools). b Percentage of CD33+CD45+ myeloid
cells in control and GATA1-Short edited LT-HSCs injected NSGW41 mice in RF and BM. ¢ Percent distribu-
tion of all cell lineages in control and GATA1-Short edited LT-HSCs injected NSGW41 mice in RF and BM. d
Absolute cell numbers of CD19+CD45+ lymphoid cells in control and GATA1-Short edited LT-HSCs injected
NSGW41 mice in RF and BM. e Absolute cell numbers of CD33+CD45+ myeloid cells in control and
GATA1-Short edited LT-HSCs injected NSGW41 mice in RF and BM. f Absolute cell numbers of
CD41+CD45- megakaryocytes in control and GATA1-Short edited LT-HSCs injected NSGW41 mice in RF
and BM (unpaired t-test P < 0.005 for GATA1-Short versus control for both RF and BM). g Absolute cell num-
bers of GlyA+CD45- erythroid cells in control and GATA1-Short edited LT-HSCs injected NSGW41 mice in
RF and BM (unpaired t-test P < 0.005 for GATA1-Short versus control in both RF and BM). Error bars repre-
sent standard deviations.
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Supplementary Figure 11: Morphological analysis of sorted erythroid and megakaryocytic popula-
tions. a Cytomorphology of GlyA+CD45- sorted cells from control and GATA1-Short edited LT-HSCs inject-
ed NSGW41 mice from the RF. Cells were cytospinned and stained with Giemsa. Erythroid precursors
(arrowhead), such as pro-, early- and intermediate-erythroblasts, late erythroblasts (arrow) and enucleat-
ed erythrocytes (asterisk) are seen. More immature forms of erythroid cells and fewer enucleated erythro-
cytes are visible in GATA1-Short edited LT-HSCs injected NSGW41 mice compared to control. (n =5 mice
pooled together, scale is 60 um) b Quantification of a (n = 200 cells). ¢ Cytomorphology of CD41+ sorted
cells from control and GATA1-Short edited LT-HSCs injected NSGW41 mice from the BM. Cells with variable
amounts of blue-greyish cytoplasm, sometimes with a few vacuoles, and with fine granules and pleomor-
phic nuclei (arrow) were frequently seen. Cells with cytoplasmatic pseudopod formation, sometimes
exhibiting distinct nucleoli (arrowhead) were also observed with less frequency. Finally, few large binucle-
ated cells were observed (asterisk). No striking differences in morphology were observed between CD41+
cells from GATA1-Short edited LT-HSCs injected NSGW41 mice compared to control. Sufficient numbers of
CD41+CD45- cells could not be detected after the freeze/thaw cycle of stored BM and thus only bulk
CD41+ cells were sorted, regardless of CD45 staining. (n =5 mice pooled together, scale is 60 um).
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Supplementary Figure 12: Full length gel pictures and western assay. a Gel electrophoresis picture
from Supplementary Fig. 4a. b Gel electrophoresis picture from Supplementary Fig. 4b. ¢ Western assay
image from Fig. 2c and Supplementary Fig. 6a.
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