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Supplemental Materials and Methods

Runx1b Lentiviral vectors

All lentiviral transfer vector used in this study have the same backbone as EF1-eGFP described
previously (Gilham et al., 2010; Seppen et al., 2000). VSVg pseudotyped lentiviral vectors were
produced using the third-generation self-inactivating lentiviral vector system as described
previously (Dull et al., 1998; Seppen et al., 2000; Zufferey et al., 1998). Briefly, viral supernatant
was harvested from transfected HEK293T cells 2, 3 and 4 days post-transfection. Supernatant was
passed through a 0.45 pm filter (Millipore, Billerica, MA, USA), concentrated by ultra-centrifugation
(2h at 20000 r.p.m., 47000k, 4-C; Optima L-90K ultracentrifuge; Beckman Coulter, Fullerton, CA,
USA), resuspended in phosphate-buffered saline, aliquoted and stored at —80°C. The murine
proximal Runx1 isoform (Runx1b) cDNA (Telfer and Rothenberg, 2001) inserted in the iRunx1ko
mESC was PCR amplified and used to construct all lentiviral vectors. Point mutations were
introduced with the QuikChange Il Site-Directed Mutagenesis Kit according to manufacturers's
protocol (Agilent Technologies). All mutations have been characterized previously (Matheny et al.,
2007). The truncated construct was generated by inserting a stop codon at the required aa by
PCR. All constructs were verified by sequencing and western blotting. Primers: Table S2.
Transductions of FLK1+ cells was performed as previously described (Gandillet et al., 2009).

Inducible Sox7 PiggyBAC transposon

Doxycycline inducible PiggyBAC transposon plasmid PB-TRE3G and a PiggyBAC transposase
plasmid were kindly provided by Dr Pentao Liu (Wellcome Trust Sanger Institute). The mouse Sox7
cDNA (Gandillet et al., 2009) was cloned behind the tetracycline responsive element (TRE3G) in
PB-TRE3G followed by a SV40 polyadenylation signal. A second cassette was inserted containing
the ubiquitously active EF1 promoter (Gilham et al., 2010), truncated human nerve growth factor
receptor cDNA (thNGFR) (Mavilio et al., 1994) and a bovine growth hormone polyadenylation
signal (PB-TRE3G_Sox7). Mouse ESC containing PB-TRE3G_Sox7 were established by co-
transfection with the PiggyBAC transposase using PEI (Bartman et al., 2015). Cell lines were
established by magnetic-activated cell sorting (Miltenyi Biotec) for thNGFR (Table S1).
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Supplementary table S1: Antibodies

Target antibody clone manufacturer catalog # application dilution
FLK1/CD309/ VEGFR2 / KDR Anti-CD309 -BIOTIN  Avas12 Miltenyi Biotec 130101915 MACS 1:100
CD271 / thNGF Anti-CD271-BIOTIN  C40-1457 BD Pharmingen 557195 MACS 1:100
CD41/ITGA2B Anti-CD41 -FITC MWReg30 eBioscience 11-0411 FACS 1:120
CD41/ITGA2B Anti-CD41 -PE-CY7 MWReg30 eBioscience 25-0411 FACS 1:120
TIE2 / TEK / CD202 Anti-Tie-2-PE TEK4 eBioscience 12-5987 FACS 1:300
c-KIT/CD117 Anti-CD117-APC 2B8 eBioscience 17-1171 FACS 1:120
CD34 Anti-CD34-FITC RAM34 eBioscience 11-0341 FACS 1:200
FceRla Anti-FceRla-PE MAR-1 eBioscience 13-5898 FACS 1:200
CD45/ LCA/Ly-5 Anti-CD45 -PE-CY7 30-F11 eBioscience 25-0451 FACS 1:120
CD45/ LCA/Ly-5 Anti-CD45 -FITC 30-F11 eBioscience 11-0451 FACS 1:120
B-Actin Anti-B-Actin 8H10D10 Cell Signalling Technology 3700 Western Blot 1:5000
CBFB / PEBP2B Anti-PEBP2B 141,41 Santa Cruz sc-56751 Western Blot/ Duolink ~ 1:100/ 1:50
RUNX1/AML1 + RUNX3 + RUNX2  Anti-RUNX EPR3099 Abcam ab92336  Western Blot / Duolink ~ 1:5000 / 1:200
SOX7 Anti-SOX7 R&D systems AF2766 Duolink 1:200
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Supplementary table S2: Oligos

primer name primer (5'-3") Universal probe # target appli

Al467606_F gcgaaatccaagattgaage 56 expressed sequence Al467606 (SAIL) realtime pcr
Al467606_R aacagtcaggaacgtctccact 56 expressed sequence Al467606 (SAIL) realtime pcr
B-Actin_F tgacaggatgcagaaggaga 106 actin, beta realtime pcr
B-Actin_R cgctcaggaggagcaatg 106 actin, beta realtime pcr
Cbfb_F tatgggttgectggagtttg 3 Core binding factor beta realtime pcr
Cbfb_R aaggcctgttgtgctaatge 3 Core binding factor beta realtime pcr
Cdh5_F tcatcaaacccacgaagtcc 42 Cadherin 5 realtime pcr
Cdh5_R ggtctgtggectcaatgtaga 42 Cadherin 5 realtime pcr
Gfil_F atgtgcggcaagaccttc 1 Growth factor independent 1 realtime pcr
Gfil_R acagtcaaagctgegttect 1 Growth factor independent 1 realtime pcr
Gfilb_F agcacagagtctcccttgga 80 Growth factor independent 1B realtime pcr
Gfilb_R atgaggggtggagaacacc 80 Growth factor independent 1B realtime pcr
Itgh3_F tgaccggaaggaatttgcta 21 Integrin beta 3 (CD61) realtime pcr
Itgh3_R acagcgggttgtttgetg 21 Integrin beta 3 (CD61) realtime pcr
Sox7_F cagcaagatgctgggaaag 97 SRY (sex determining region Y)-box 7 realtime pcr
Sox7_F tgcatcatccacatagggtct 97 SRY (sex determining region Y)-box 7 realtime pcr
Sox17_F cacaacgcagagctaagcaa 97 SRY-box containing gene 17 realtime pcr
Sox17_R cgcttctctgecaaggte 97 SRY-box containing gene 17 realtime pcr
Runx1_Runt_F ctcegtgetacccactcact 77 Runt related transcription factor 1, Runt domain realtime pcr
Runx1_Runt_R atgacggtgaccagagtgc 77 Runt related transcription factor 1, Runt domain realtime pcr
Runx1Ex8_F cggttcctaccagttcteca 75 Runt related transcription factor 1, Exon 8 realtime pcr
Runx1Ex8_R tctccaccacgtegcetct 75 Runt related transcription factor 1, Exon 8 realtime pcr
Runx1_Proximal_F aagatccgagcecctgte 17 Runt related transcription factor 1, Proximal isoform realtime pcr
Runx1_Proximal_R tcacaacaagccgattgagt 17 Runt related transcription factor 1, Proximal isoform realtime pcr
Runx1_Distal_F gaagtgtaagcccagcacagt 40 Runt related transcription factor 1, Distal isoform realtime pcr
Runx1_Distal_R ggcgggegattctataattt 40 Runt related transcription factor 1, Distal isoform realtime pcr

Cbfb_ex4_1F
Cbfb_ex4_1R
Cbfb_ex4_2F
Cbfb_ex4_2F
Runx1F

Runx1 R

Runx1 aa del242 R
Runx1_R139Q_F
Runx1_R139Q_R
Runx1_R174Q_F
Runx1 R174Q _R
Runx1 L148F_T149AF
Runx1 L148F_T149AR
Runx1 T161A_F

CACCGGcacactccattcagaatcat
AAACatgattctgaatggagtgtgCC
CACCGGtctccacagattggatggta
AAACtaccatccaatctgtggagaCC
gagaagatctGCCACCATGGATTACAAGGATGACGACGATAAGcgtatccecgtagatg
gagactcgagTCAgtagggccgecacacgg
gagactcgagTCActgcatctgactttgag
aggtttgtcgggcagageggtagaggc
gectctaccgetetgeccgacaaacct
tggacggcceccaagaaccecgaag
cttcggggttcttgggggccgteca
gcaagagcttcactttcgecatcaccgtctttaca
tgtaaagacggtgatggcgaaagtgaagctcttge
cgccacaagttgecgectaccatagagec

Runx1 T161A_R ggctctatggtaggeggeaacttgtggeg

mouse Cbfb exon 4
mouse Cbfb exon 4
mouse Cbfb exon 4
mouse Cbfb exon 4
mouse Runx1b forward
mouse Runx1b reverse
mouse Runx1b aa242 truncation
mouse Runx1b mutagenesis R_139_Q mutant
mouse Runx1b mutagenesis R_139_Q mutant
mouse Runx1b mutagenesis R_174_Q mutant
mouse Runx1b mutagenesis R_174_Q mutant
mouse Runx1b mutagenesis L148F + T149A mutant
mouse Runx1b mutagenesis L148F + T149A mutant

mouse Runx1b mutagenesis T161A mutant

mouse Runx1b mutagenesis T161A mutant

Cbfb exon 4 CRISPR
Cbfb exon 4 CRISPR
Cbfb exon 4 CRISPR
Cbfb exon 4 CRISPR
Runx1b lentivirus
Runx1b lentivirus
Runx1b lentivirus
Runx1b lentivirus
Runx1b lentivirus
Runx1b lentivirus
Runx1b lentivirus
Runx1b lentivirus
Runx1b lentivirus
Runx1b lentivirus
Runx1b lentivirus
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Supplementary table S3: Flowcytometry analyzers

Analyser Manufacturer

BD FACSCalibur Becton Dickinson Biosciences
BD FACSCAnto Il Becton Dickinson Biosciences
BD LSR I Becton Dickinson Biosciences
Novocyte ACEA Biosciences
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Supplemental figure 1. Hemogenic endothelium in mESC derived EHT-cultures

Left: Flowcytometry plots depicting the hemogenic endothelium 1 (HE1) and hemogenic
endothelium 2 (HE2) populations in day two wildtype EHT-cultures. Top right: Schematic of
hemogenic endothelium differentiation in mESC derived EHT-cultures. TIE2+/c-KIT+/CD41- HE1
gives rise to Tie2+/c-KIT+/CD41+ HEZ2 followed by TIE2-/CD41+ hematopoietic progenitors and
TIE2-/CD45+ committed myeloid cells. Bottom right: example flow cytometry data for day one to

three of wildtype EHT-cultures.
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Supplemental figure 2. Rescue of definitive hematopoiesis in iRunx1ko and doxycycline
titration on mESC. (A) & (B) Two independent definitive hematopoietic colony formation assays
with iRunx1ko replated after four days of EHT-culture. Doxycycline was added at day two of EHT-
culture and absent during the CFU-assay. Ery= definitive erythrocyte, Mac/Ery = mixed
macrophage erythrocyte, Mac= macrophage, Mix= contains cells of multiple lineages, GM=
granulocyte monocyte. Mean of N=3 technical replicates is shown. (C) & (D) Doxycycline titration
on three independently established mESC lines in which Green Fluorescent Protein (GFP) was
under the control of the doxycycline inducible tet-on system. Cells were analyzed by flowcytometry
48 hours after induction. Doxycycline concentrations: 0.0625, 0.125, 0.25, 0.5, 1.0 yg/ml (C)
percentage of GFP positive cells. Mean+s.d. Results from three clones each analyzed once across
three independent experiments are shown. (D) Mean fluorescence intensity of the GFP positive
populations. Mean+s.d. Results from 3 clones each analyzed once across three independent

experiments are shown.
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Supplemental figure 3. RUNX1 and CBFp western blot and qPCR analyses. (A) Western blot
of RUNX1 and B-actin in day two EHT-cultures of two iRunx1ko®® clones (lanes 2, 5, 8 and 3, 6,
9) and the parent iRunx1ko line (lane 1, 4, 7) exposed to 0, 0.06 or 0.3 pug/ml doxycycline. B-actin
normalized relative density for RUNX1 is shown below the lanes. (B) Quantitative PCR analysis of
Runx1 expression in day three iRunx1ko EHT-cultures treated with 0, 0.06 or 0.30 pg/ml
doxycycline. Individual biological experiments and Mean+s.d. of N=3 independent differentiations is

shown.
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Supplemental figure 4. Expression of wildtype RUNX1 is essential for the generation of
CD45* cells in Runx1/ mast assays.

Flowcytometry for CD45+ cells for four independent mast cell assays. FLK1+ cells were isolated
from Runx17- mESC differentiated as Embryoid Bodies (EB). The FLK1+ cells were transduced
with lentiviral vectors containing either no insert (empty vector), a mutated / truncated Runx1b or
wildtype Runx1b cDNA. Mast cell assays were performed as described in figure 3D. Results show
that only cells transduced with the wt Runx71b lentivirus can generate CD45+ cells. Neither the
empty vector nor the vectors containing truncated Runx1b (experiment 1) or mutated Runx1b
(experiment 2-4) can rescue the formation of CD45* cells from Runx1-- cells. Runx1bA242 lacks
the C-terminus of RUNX1 which contains the transactivation domain. Runx1b_R139Q_R174Q
contains two point mutations in the Runt domain which severely impair the DNA binding capacity of
RUNX1. Runx1b_L148F_T149A T161A contains three point mutations in the Runt domain which
impair both the interaction of RUNX1 with CBFB and the DNA binding capacity of RUNX1. All

mutations have been previously described and characterized by Matheny et al., 2007.
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Supplemental figure 5. In mESC derived EHT cultures RUNX1 interacts with CBFf in the
nuclei of the cells and RUNX1 degradation can be reduced by inhibiting the proteasome.

(A and B) Duolink assays for RUNX1 and CBFf in hemogenic endothelium cells. Each puncta (red)
represents a single RUNX1-CBFf interaction (100x magnification). Grey: DAPI. (A) Duolink on
hemogenic endothelium derived from Runx1” and Runx1 wt mESC. The proportion of HE1
(Tie2+/c-KIT+/CD41-) and HE2 (TIE2+/c-KIT+/CD41+) as determined by flowcytometry was 31%
HE1 and 59% HE2. Graph depicts the mean percentage of positive nuclei / field of view. Runx1+
HE: 6 fields of view (54 nuclei), wildtype HE: 9 fields of view (63 nuclei). (B) Duolink on hemogenic
endothelium 1 (TIE2+/c-KIT+/CD41-) and CD41+ cells (62% HEZ2, 28% progenitors as determined
by flow cytometry for TIE2, c-KIT and CD41) derived from Runx1 wildtype mESC. Graph depicts
the mean percentage of positive nuclei / field of view. wildtype HE1: 13 fields of view (129 nuclei)
and wildtype CD41+: 13 fields of view (155 nuclei). (C) Western blots for RUNX1 on day three
Cbfb”- EHT-cultures treated with 2.5 and 5 uM proteasome inhibitor MG132 for four hours
(experiment 1 and 2) or 5 yM for 8 hours (experiment 3). Controls were treated with vehicle

(DMSO). B-actin normalized relative density for RUNX1 is shown below the lanes.
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Supplemental figure 6: iRunx1koctf-/- western blot, gPCR, mast cell assay.

(A) Western blot for CBFB on CRISPR/Cas9 generated iRunx1koC®- mESC clones (clone 7B,
17C, 7H and 7J) used in this study. Lane 3 contains a Cbfb wildtype (wt) mESC sample as a
positive control. (B) Quantitative PCR on day three EHT-cultures for Runx1 (left) and Cbfb (right) in
iRunx1koC?®-- clones and the parent iRunx1ko line induced with 0, 0.06 or 0.3 pug/ml doxycycline.
Data are normalized against the non-induced iRunx1ko line. Each of our four iRunx1¢b®-- clone
was analysed at least once. Individual biological experiments and Meanz+s.d are shown. Two-way
ANOVA. (C) Flowcytometry analysis of four independent mast cell differentiations. Each
iRunx1koCP®- clone was differentiated once. None of the iRunx1ko®®- clones could generate
mast cells either in the presence or absence of doxycycline. The cultures contained very few, if any,
non-adherent cells at day 22. These experiments were performed identical to and in parallel with

the experiments shown in main figure 3E.
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Supplemental figure 7. Low RUNX1 levels can induce EHT like changes. (A, B)
Representative flowcytometry plots (A) and flowcytometry data (B) of day two iRunx1ko and
iRunx1ko®®®-- EHT-cultures. (A) Left: plots depicting HE (TIE2+/c-KIT+). Right: TIE2+/c-KIT+ gated
histograms depicting the percentage CD41+ cells within the HE. (B) Individual biological

experiments and Mean+s.d. (only for N>2) are shown. Two-way ANOVA (only for N>2).
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Supplemental figure 8. Quantitative PCR analysis of iRunx1ko and iRunx1ko¢®f®-- day three
EHT culture. gPCR analysis of day three EHT-cultures for endothelial (Sox7, Sox17, Cdh5) (A)
and hematopoietic genes (ltgh3, Gfi1, Gfi1b, Al467606) (B). Data are normalized against the non-
induced sample. Individual biological experiments and Mean+s.d. are shown. Two-way ANOVA.

N=Dbiological replicates.
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Supplemental figure 9. Persistence of HE core-like structures in doxycycline-treated
iRunx1koCb®-- cultures. Representative flow cytometry plots of day five iRunx1ko and
iRunx1koCbf-- EHT-cultures.
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Supplemental figure 10. CBFB competitor SOX7 can bind RUNX1 in mESC derived HE. (A)
Sox7 expression determined by RNA-seq and qPCR across five stages of differentiation. ESC:
Embryonic Stem cells, MES: Mesoderm, HB: Hemangioblast, HE: Hemogenic Endothelium, HP:
Hematopoietic progenitors. Left: RNA-seq. fpkm=fragments per kilobase of transcript per million
mapped reads. Right: Quantitative PCR. Mean of 5 or 6 technical replicates is shown. X=below
detection limit. (B) Duolink assay on HE sorted SOX7-GFP cells (SOX7-GFP*/TIE2*/c-KIT*). Left
panels: Each puncta represents a single SOX7-RUNX1 interaction (40x magnification).
Grey=DAPI, Red=duolink signal. Right: Percentage of SOX7-RUNX1 duolink positive nuclei in
mESC derived HE. Control: meants.d., N=7 fields of view (137 nuclei), RUNX-SOX7: mean+s.d.,
N=10 fields of view (375 nuclei). (C) Top: gPCR in mESC for Runx1 and Sox7 in iRunx1koCbf®-/-
clone 17c -/+ iSox7 transposon. All data is normalized against the non-induced untransfected
sample. Bottom: Western blot for RUNX1, CBF and 3-actin on mESC treated for 24 hours with or
without doxycycline. iRunx1ko (lane 1, 4), iRunx1ko®®®-- clone 17c (lane 2, 5) iRunx1ko®t®-- clone
17¢c with iSox7 transposon (lane 3, 6). B-actin normalized relative density for RUNX1 is shown
below the lanes. (D) Top: qPCR in mESC for Runx1 and Sox7 in iRunx1ko®?®- clone 7H -/+ iSox7
transposon. All data is normalized against the non-induced untransfected sample. Bottom: Western
blot for RUNX1, and B-actin on mESC treated for 24 hours with or without doxycycline.
iRunx1koC®®- clone 7h (lane 1, 4), iRunx1ko®®®-- clone 7h with empty transposon (lane 2, 5) and
iRunx1koCP®-- clone 7h with iSox7 transposon (lane 3, 6). B-actin normalized relative density for
RUNX1 is shown below the lanes. Inducible Sox7 lines in C & D were independently established

and analyzed
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Supplemental Figure 11. RUNX1 controls the the initiation and progression of EHT. In early
Hemogenic Endothelium (HE1), RUNX1 transcription and protein levels are low. An abrupt rise in
HE RUNX1 levels results in an accelerated EHT but abortive blood formation. Low RUNX1 activity
is required to initiate an effective EHT and mature HE1 into HE2. Once EHT is initiated RUNX1
activity is still required in order to produce mature hematopoietic cells. This may rely on an increase
in Runx1 transcription, the switch from the Runx1b to Runx1c isoform and potentially also by

changing RUNX1 binding partners.
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