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hPSC Culture, registration and deposition of hPSC lines
Cell lines.
H9 hESC (NIHhESC-10-0062). PB34 iPS1, MSC-iPS12, 1045-iPSC, and 1157-iPSC were established by hES core facility at Boston Children’s Hospital. 
Materials.
hESC-qualified Matrigel (BD # 08774552) 
mTeSR1 media (Stem Cell Technologies) 
DMEM/F12 (StemCell Technologies Inc. # 36254) + 20% KnockOutSerum Replacement (Invitrogen), 1 mM L-glutamine, 1 mM NEAA, 0.1 mM beta-mercaptoethanol, and 10 ng/ml bFGF
Mouse embryonic fibroblasts (GlobalStem # GSC-6001G) feeders on 10cm gelatinized culture dish. 
Dispase (StemCell Technologies Inc. # 07913)
Procedures.
1. Maintain PSCs on Matrigel with mTeSR1. Change media daily.
2. Split PSCs onto MEF 10cm dish using standard clump passaging with Dispase. 
3. Check morphology of PSCs under microscopy daily. As a quality control, only dishes with more than 70% of typical PSC colonies were processed for EB formation. 
4. Test cell lines for mycoplasma routinely.

EB Differentiation
Materials.
0.05% Trypsin (Life Technologies # 25300062)
PBS+2%FBS
StemPro-34 (Invitrogen, 10639-011) supplemented with L-glutamine (2 mM), penicillin/streptomycin (10 ng/mL), ascorbic acid (1 mM), human holo-Transferrin (150 ug/mL, Sigma T0665), monothioglycerol (MTG, 0.4 mM) (referred to as “Supplemented StemPro-34”)
Human BMP-4 (VWR # 10779-138)
Y-27632 (StemCell Technologies Inc. # 72304)
SB431542 (StemCell Technologies Inc. # 72234)
CHIR99021 (StemCell Technologies Inc. # 72052)
Human bFGF 
Human VEGF (Fisher Scientific (Thermo Fisher Scientific) # 293VE050)
Human IL-6 (Peprotech # 200-06)
Human IGF-1 (Peprotech # 100-11)
Human IL-11 (Peprotech # 200-11)
Human SCF (Peprotech # 300-07)
10 cm plates of EZSPHERE (EZSPHERE TM, ASAHI GLASS CO; Well Size (µm) Diameter: 400-500, Depth: 100-200; No. of Well 14,000/dish)
Procedures.
1. Dissociate hPSC colonies with 0.05% Trypsin for 5 min at 37ºC
2. Pipette thoroughly with p1000 to form small aggregates, 
3. Wash twice with PBS+2%FBS
4. Resuspend in StemPro-34 (Invitrogen, 10639-011) supplemented with L-glutamine (2 mM), penicillin/streptomycin (10 ng/mL), ascorbic acid (1 mM), human holo-Transferrin (150 ug/mL, Sigma T0665), monothioglycerol (MTG, 0.4 mM) (referred to as “Supplemented StemPro-34”), BMP-4 (10 ng/mL) and Y-27632 (10uM). 
5. Seed cells into non-adherent spheroid formation 10 cm plates (EZSPHERE TM, ASAHI GLASS CO; Well Size (µm) Diameter: 400-500, Depth: 100-200; No. of Well 14,000/dish) at a density of 5 million/dish. 
6. Maintain culture in 5% CO2/5% O2/90% N2 environment for whole process.
7. 24h later, add bFGF (5 ng/mL) and BMP4 (10 ng/mL) to the media. 
8. At day 2, collect EBs and resuspend in supplemented StemPro-34 with SB431542 (6 uM), CHIR99021 (3 uM), bFGF (5 ng/mL) and BMP4 (10 ng/mL). 
9. Check the formation of EBs under microscopy at day 4 and determine whether to continue EB formation based on the size and morphology of aggregations (quality control; >100uM, compaction-like tight contact of cells). 
10. At day 4, replace and supplement media by supplemented StemPro-34 with VEGF (15 ng/mL) and bFGF (10 ng/mL). 
11. At day 6, replace media by supplemented StemPro-34 with bFGF (10 ng/mL), VEGF (15 ng/mL), IL-6 (10 ng/mL), IGF-1 (25 ng/mL), IL-11 (5 ng/mL) and SCF (50 ng/mL). 

Endothelial-to-Hematopoietic Transition Culture
Materials.
0.05% Trypsin (Life Technologies # 25300062)
PBS+2%FBS
Human CD34 MicroBead kit (Miltenyl Biotec, 130-046-702).
LS columns (Miltenyl Biotec, 130-042-401)
StemPro-34 (Invitrogen, 10639-011) supplemented with L-glutamine (2 mM), penicillin/streptomycin (10 ng/mL), ascorbic acid (1 mM), human holo-Transferrin (150 ug/mL, Sigma T0665), monothioglycerol (MTG, 0.4 mM) (referred to as “Supplemented StemPro-34”)
Human TPO (Peprotech # 300-18)
Human IL-3 (Peprotech # 200-03)
HumanFlt-3L (Peprotech # 300-19)
Y-27632 (StemCell Technologies Inc. # 72304)
Human bFGF 
Human VEGF (Fisher Scientific (Thermo Fisher Scientific) # 293VE050)
Human IL-6 (Peprotech # 200-06)
Human IGF-1 (Peprotech # 100-11)
Human IL-11 (Peprotech # 200-11)
Human SCF (Peprotech # 300-07)
hESC-qualified Matrigel (BD # 08774552) 
Procedures.
1. Dissociate EBs on day 8 by digestion with 0.05% Trypsin for 5 min at 37ºC, pipetted thoroughly with p1000 to generate a single cell suspension
2. Wash with PBS+2%FBS. 
3. Process dissociated EBs immediately processed for isolation of HE. 
4. Resuspend cells in 1mL of PBS+2%FBS and incubate with human CD34 MicroBead kit for 1h (Miltenyl Biotec, 130-046-702). 
5. After incubation, wash cells with PBS+2%FBS and isolate human CD34+ cells by magnetic cell isolation (MACS) using LS columns (Miltenyl Biotec, 130-042-401). 
6. Resuspend sorted human CD34+ cells in supplemented StemPro-34 media, containing Y-27632 (10uM)., TPO (30 ng/mL), IL-3 (10 ng/mL), SCF (50 ng/mL), IL-6 (10 ng/mL), IL-11 (5 ng/mL), IGF-1 (25 ng/mL), VEGF (5 ng/mL), bFGF (5 ng/mL), BMP4 (10 ng/mL), and Flt-3L (10 ng/mL), here after called EHT media.
7. Seed cells at a density of 25-50 x 103 cells per well onto thin-layer Matrigel-coated 24-well plates.
8. Maintain culture in 5% CO2/5% O2/90% N2 environment.

Lentiviral Gene Transfer
Materials.
Polybrene (Fisher Scientific (Thermo Fisher Scientific) # TR1003G)
pInducer-21 based lentiviral vectors3 (LCOR-HOXA9-HOXA5 and RUNX1-ERG)
EHT media (supplemented StemPro-34 media, containing Y-27632 (10uM)., TPO (30 ng/mL), IL-3 (10 ng/mL), SCF (50 ng/mL), IL-6 (10 ng/mL), IL-11 (5 ng/mL), IGF-1 (25 ng/mL), VEGF (5 ng/mL), bFGF (5 ng/mL), BMP4 (10 ng/mL), and Flt-3L (10 ng/mL))
Procedures.
1. At day 3 of EHT culture, infect HE cells with lentivirus in EHT culture media supplemented with Polybrene (8ug/mL). HE cells were beginning to produce potentially hematopoietic ‘round’ cells, the occurrence of this phenomenon used as quality control of HE induction and transition to hematopoietic cells for each batch of experiment.
2. Carry out infection in a static in total volume of 250 ul (24-well plate). The multiplicity of infection (MOI) for the factors was as follows: LCOR-HOXA9-HOXA5 2.0, and RUNX1-ERG 2.0.  
3. After 12 hours, add 250 uL of fresh EHT media was supplemented to dilute Polybrene. 4. Harvest cells and transplant (in next section), or keep parallel wells cultured for additional 3 days to measure infection efficiency by percentage of GFP+ DAPI- cells by FACS, achieving 30-70% infection efficiency. 

Mouse Transplantation
Materials.
NOD/LtSz-scidIL2Rgnull (NSG) (Jackson Labs) mice 4 
26-half g needle
28.5g insulin needle
Sulfatrim (RXZONE, 443358)
625 ppm Doxycycline Rodent Diet (Harlan Bioproducts # TD 01306)
Doxycycline (Sigma, D9891)
PBS + 2% FBS
Accutase (Fisher Scientific (Thermo Fisher Scientific) # SCR005)
Human CD34 MicroBead kit (Miltenyl Biotec, 130-046-702).
LS columns (Miltenyl Biotec, 130-042-401)
Procedures.
1. Irradiate (250 rads) NSG mice 12 hours before transplant. This is on the day of infection to HE cells.
2. 12 hours from infection, harvest infected HE cells with Accutase by incubating 5-7 min at 37C.
3. Resupend cells in PBS + 2% FBS and count cell number.
4. Prepare cells in 0.3-3.0 x105 range of cells were transplanted in a 25 μL volume of PBS + 2% FBS.
5. Keep cells on ice till injection.
6. Under isoflurane, drill the femur of NSG mice with a 26-half g needle.
7. Inject cells using a 28.5g insulin needle into femur.
8. Add Sulfatrim and Doxycycline (1.0 mg/ml) in mouse drinking water.
9. Feed mice with 625 ppm Doxycycline Rodent Diet.
10. Continue 8 and 9 for 2 weeks.
11. Conduct secondary transplantation at 8 weeks from injection. 
12. Harvest human CD34+ cells from bone marrow with CD34 microbeads and LS columns. 
13. Respuspend human CD34+ cells in PBS + 2% FBS and count cell number.
14. Conduct intrafemoral injection with 1,000-3,000 of human CD34+ cells. Dox treatment is not required for secondary recipients.

Flow Cytometry
Materials.
HE panel:CD34 PE-Cy7 (8G12; BD), FLK1 AF647 (89106; BD), CD235a/Glycophorin (GLY)-A FITC (11E4B-7-6; Coulter), CD43 PE (1G10; BD).
HSPC panel: CD38 PE-Cy5 (LS198-4-3; Clontech), CD34 PE-Cy7, and CD45 PE (HI30; BD). 
Lineage panel: CD235a/Glycophorin (GLY)-A PE-Cy7 or FITC (11E4B-7-6; Coulter), CD33 APC (P67.6; BD), CD19 PE (HIB19; BD), IgM BV510 (G20-127; BD), CD4 PE-Cy5 (13B8.2; Coulter), CD3 PE-Cy7 (SK7; BD), CD8 V450 (RPA-T8; BD), TCRαβ BV510 (T10B9; BD), TCRγδ APC (B1; BD), CD45 PE-Cy5 (J33; Coulter), CD15 APC (HI98; BD) and CD31/PECAM PE (WM59; BD).
PBS + 2% FBS
BD Fortessa cytometer
BD FACS Aria II cell sorter
Procedures.
1. Harvest cells from EHT culture or BM at 8 weeks from injection to NSG mice.
2. Conduct stain with <1x106 cells per 100 μl staining buffer (PBS + 2% FBS) with 1:100 dilution of each antibody, 30 min at 4C in dark.
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