
 

 

 

Supplementary Figure 1. Selection process for MK-FOP transcription factor candidates. (a) List of the 101 DNA 
protein binding genes up-regulated in cbMKs vs. the H9 hESC line (see online materials for details). Twenty one 



 

 

histone coding genes have been excluded and 6 additional TFs added based on literature (highlighted in blue). Log2 
values of differential expression, number of internal/epigenome modifier interactions (reported from VisANT) are 
indicated (b) Final 46 TF candidates ranked list. The 9 TFs used in this study are highlighted in grey. (c) Epigenome 
modifier coding genes used for interaction screening. HDAC: Histone Deacetylases; HAC: Histone acetyltransferases; 
DNMT: DNA Methyltransferases. 

 

 

 

 

 

Supplementary Figure 2. Combined expression of the 3-TFs induces MKFOP. (a) Representative microscopy fields 
from clonogenic assays initiated from day 7 cultures transduced with different combinations of the 3-TFs (hiPSC#1; 
3-TFs, G+F, G+T, F+T respectively) showing higher colony density and  larger colonies for the combined 3TFs than any 
other combination. (b) Combined CD41a and GFP expression detected by flow cytometry from day 7 and day 20 cells 
transduced with a single polycistronic vector coding for the 3-TFs and the GFP reporter gene (2A peptide vector; 
hiPSC#1). (c) Annotated Cytoscape MK gene network (Gieger et al.,2011; 2,125 nodes) showing intersection with 3-
TFs ChIP-seq data (Tijssen et al., 2011). The regulatory regions of 51% of the MK genes are bound by at least one of 
the 3-TFs (green nodes) which are further linked to 96% of the entire network through first degree interactions (blue 
nodes).  



 

 

 

Supplementary Figure 3. Optimisation of a chemically-defined MKFOP protocol. (a) The hiPSC#1-2 lines sown as 
clumps on fibronectin-coated plates were transduced by the 3-TFs and maintained in pluripotency (FGF2+activinA) 
or mesoderm-inducing (FGF2+BMP4+LY-294002) medium for 2 days followed by MK medium (TPO+SCF) for a further 



 

 

5 days. The percentage of CD41a+ cells was measured by flow cytometry on day 7. Bar graphs show the fold increase 
of CD41a+ cells relative to pluripotency medium (mean ±sem; n=4, *P<0.05 by 2-tail T-test). (b) The hiPSC#2 line was 
sown as clumps or single cells on fibronectin- or gelatine-coated plates (collectively 2-D culture), or sown as 
embryoid bodies induced by forced aggregation of single cells (Embryoid bodies, EB) concomitantly to transduction 
with the 3-TFs. Cells were then maintained for 2 days in mesoderm-inducing medium followed by 5 days in MK 
medium. Bar graphs represent the CD41a+ cell-fold increase relative to 2D-culture (mean ±sem, n=4, 3 respectively, 
*P<0.05 by 2-tail T-test). (c) the hiPSC#1 was transduced with separate pWPT lentiviral vectors coding for the 
reporter proteins eGFP, dTomato or LSSmOrange. The percentages of cells (co-)expressing each reporter after 
transduction at MOI20 by single vectors (top histograms) or co-transduction with three vectors (middle dot plots and 
bottom bar graph) are indicated. (d) The impact of EB dissociation timing on day 20 FOPMKs output was tested from 
day 5 to 12. The MK and mature MK yield (cell count at day 20) is shown relative to day 10 dissociation (hiPSC#1). (e) 
Time course analysis of cbMK differentiation including line plots and representative flow cytometry dot plots for 
CD41a and CD42a expression (mean ±sem; n=3). (f) Representative flow cytometry dot plots from MK-FOP culture at 
day 20 and MK-DD at day 25 (mean ±sem; n=4, 3 respectively, hiPSC#1). (g) Ploidy analysis of CD42b+ fopMKs day 20 
and cbMKs day 10 by flow cytometry. Representative histograms and percentages of 2, 4, 8 and 16N cells are shown 
(mean; n=3 and 2 respectively). (h) The expression levels of the 3-TFs in cbMKs (day10) and fopMKs (day20) are 
shown from the whole genome expression array data (top row normalized heatmap) and from RT-qPCR analysis 
(bottom bar graph; mean ±sem; n=3/3 for cbMKs  and fopMKs (hiPSC#1, #3 and #4) respectively). The latter 
discriminates endogenous from transgenic expression using specific primers described in Methods and 
Supplementary Table2. 



 

 

 
 

Supplementary Figure 4. Long-term MKFOP culture properties. (a-c) The cumulative mature MK-fold increase 
relative to day 0 hiPSC cell input, percentages of CD42a+ cells and culture survival (biological replicate alive at a given 

time point) are shown for TPO+SCF vs. TPO+IL1 culture conditions (mean ±sem, hiPSC lines #1 and #3). (d) 
Expression of CD117 (KIT, SCF receptor) in MK-FOP culture. (e) The percentage of GP6 expressing cells and GP6 
staining mean fluorescence intensity are shown over time for LT-fopMK culture (mean ±sd, hiPSC lines #1 and #3, 
n=2) and CBMKs at day 10 (mean±sem, n=7).  (f) LT-fopMK recovery after freezing. The percentages of CD42a+ cells 
on the day of freezing (day 30-40 of MK-FOP) and 14 days after thawing are shown for different iPSC lines. The mean 
±sem cell fold increase 14 days after thawing is shown for the corresponding lines. (g-h) Cumulative MK expansion 
and biological replicate survival at extended time points (>day 90).  (i) Clonogenic potential from whole MK-FOP 
cultures was tested at different time points. The percentage of MK colony forming cells is shown (mean ±sd; 
hiPSC#1, n=2). (j) Percentages of MK progenitors (CD41a+ and CD34+) and hematopoietic progenitors (CD90+ and 
CD34+) were monitored by flow cytometry through long term MK-FOP cultures (mean ±sd; hiPSC#1 and #3, n=3). 

  



 

 

 

Supplementary Figure 5. In vitro platelet release from fopMKs. (a) Average platelet generation per MK in co-culture 
with C3H10T1/2 feeder cells at different culture time points depending on the hiPSC line forward programmed 
(mean ±sd; hiPSC#1-4; day 28: n=6, 2, nd, 3; day 50: n=nd, nd, 4, 2 respectively, nd=not done). (b) Expression of 
platelet receptors on washed donor and in vitro fopMK platelets. Primary staining for CD41a and CD42a expression 
(top dot plots) was used for gating on highly expressing platelets similar to blood platelets (black box) for further 
platelet receptor expression analysis (bottom histograms). (c) Representative staining by Calcein-AM of in vitro 
fopMK and donor platelets. The corresponding CD41a/CD42a phenotype detected by flow cytometry with or without 
gating on Calcein-AM positive events is shown below. (d) Average ±sem of individual thrombus area from in vitro 
thrombus assay under shear stress for normal and thrombocytopenic blood. (e) Representative pictures from in vitro 
thrombus formation assays. Washed platelets from human blood or fopMKs were mixed into mouse blood 
(5x107/ml) and thrombus formation on collagen-coated slides under arterial shear flow monitored by real time 
microscopy. Human platelets were subsequently detected by immunostaining of human CD41a (ITGA2B) and P-
selectin (SELP). Arrowheads point to activated platelets exposing P-selectin at their surface following degranulation. 

Scale bars 50m. 



 

 
 

 

Supplementary Figure 6. MK-FOP time course flow cytometry analysis for hemogenic endothelium and blood 
markers. (a) the percentage of cells expressing endothelial (CD34, CD144/VE-Cadherin, CD309/FLK1) and blood 
markers (CD43, CD41a)  are shown for hiPSC#3 and #5 from day 0 to day 7-9 post 3-TF transduction. The total viable 
cell count is indicated as a grey dotted line plotted on the secondary axis. (b) Flow cytometry dot plots from hiPSC#5 
MK-FOP time course are shown, including phenotype of non-transduced control cells at day 2 and 5.   

 

  



 
 

 

 

Supplementary Table 1. Antibodies used for flow cytometry analyses and 
immunostaining for microscopy studies. 

Antigen Antibody Fluorochrome Assay concentration Manufacturer 

CD41a HIP8 FITC 1:10 dilution (stock) BD Pharmingen 

CD41a HIP8 PE 1:10 dilution (stock) BD Pharmingen 

CD41a HIP8 APC 1:10 dilution (stock) BD Pharmingen 

CD42a ALMA.16 FITC 1:10 dilution (stock) BD Pharmingen 

CD42a ALMA.16 PE 1:10 dilution (stock) BD Pharmingen 

CD42b HIP1 PE 1:10 dilution (stock) BD Pharmingen 

CD61 VI-PL2 FITC 1:10 dilution (stock) BD Pharmingen 

GPVI HY101 PE 2g/ml NHSBT Bristol 

CD41a/61 complex RFGP56 APC 2g/ml NHSBT Bristol 

CD31 WM59 APC 1g/ml eBiosciences 

CD31 WM59 V-450 g/ml eBiosciences 

vWF Polyclonal - g/ml Millipore 

Thrombospondin A6.1 - g/ml Abcam 

Fibrinogen - Alexa-488 g/ml Molecular Probes 

P-selectin Thromb/6 PE g/ml NHSBT Bristol 

P-selectin H-150 - g/ml Santa cruz Biotech 

-Tubulin DM1A - 1:500 dilution (stock) Sigma Aldrich 

F-actin (Phalloidin) Alexa-488 400nM Sigma Aldrich 

mIgG(H+L) secondary Alexa-488 2g/ml Molecular Probes 

mIgG(H+L) secondary Alexa-568 2g/ml Molecular Probes 

rIgG(H+L) secondary Alexa-568 2g/ml Molecular Probes 

CD41a (mouse) MWReg30 FITC 30g/ml BD Pharmingen 

  



 

 

Supplementary Table 2. Oligonucleotides used for RT-qPCR analyses. 

Target gene Primer Sequence 

GATA1 Fo TTGCCACATCCCCAAGGCGG 

 
Re GGGGGAGGGGCTCTGAGGTC 

FLI1 Fo GGGCTCGGCTGCAGACTTGG 

 
Re AGATGGGCTGCCGCTCCGTA 

TAL1 Fo AGCAAAGACCCGGGTGTGCATC 

 
Re CCTCTAGCTGGGGGTCACTGCG 

ZFPM1 Fo GCTCCCTGGAGATCCACATGCG  

 
Re ACAGGCAGATCAGGCACACGA 

NFE2 Fo GGTGACCCCTGATGTTGCCCTAG  

 
Re GGTTCCCGGAAAGCCCAGATGG  

RUNX1 Fo GCCAGCGGCATGACAACCCT 

 
Re TAGTGCATGCGGGGGTCGGA 

MEIS1 Fo AACCAATCGCAAAGCAAGGGGGA 

 
Re ATTGGACCACCCCGGGCTACAT  

MEF2C Fo AGACCCGGTAATGGGTGGCCA 

 
Re ACGCCAATGATATGCCTGCAGGT  

MPL Fo TGGTGACCGCTCTGCATCTA 

 
Re GCAGGAAACTGCCACCTCA 

CXCR4 Fo GCCCTCCTGCTGACTATTCC 

 
Re GGCAGGATAAGGCCAACCAT 

VWF Fo CAACACCTGCATTTGCCGAA 

 
Re TGACCTGTGACAAGGCACTC 

SELL Fo GCGGTGGCTTCTACGATAGG 

 
Re CCTAGGTGGCTGTGAGGATTC 

PF4 Fo CCGAGTTTCCCATCGCACT 

 
Re TGGGAGGTGGTCTTCACACA 

GP6 Fo CGGTAGCAGAATTCTCAGAAGC 

 
Re GTCTGACTCCTTTGGACTGGC 

FLK1 Fo TTTTTGCCCTTGTTCTGTCC 

 
Re TCATTGTTCCCAGCATTTCA 

NANOG Fo CATGAGTGTGGATCCAGCTTG 

 
Re CCTGAATAAGCAGATCCATGG 

OCT4 Fo AGTGAGAGGCAACCTGGAGA 

 
Re ACACTCGGACCACATCCTTC 

HMBS Fo GGGAACCAGCTCCCTGCGAAG 

 
Re AGCTGTTGCCAGGATGATGGCAC 

MDH1 Fo GGGTGTCCTGGACGGTGTCCT 

 
Re CCCTTCTTGGCATGGAGCCCAC 

GATA1-TG Fo GGTGGCTCCGCTCAGCTCAT 

 
Re GCAGCGTATCCACATAGCGTAAAAGG 

FLI1-TG Fo CCCGCCATCCTAACACCCACG 

 
Re GCAGCGTATCCACATAGCGTAAAAGG 

TAL1-TG Fo AGGCGGTGGACTTGAACTTT 

 
Re TCTAGCCAGGCACAATCAGC 

MEIS1-TG Fo ATGGGCATGGAGGGGCAGTG 

 
Re GCAGCGTATCCACATAGCGTAAAAGG 

MEF2C-TG Fo CGTACGACGGGAGCGACCGA 

 
Re GCAGCGTATCCACATAGCGTAAAAGG 

NFE2-TG Fo CCCCGGGGGACCAAGATGGA 

 
Re GCAGCGTATCCACATAGCGTAAAAGG 

PBX1-TG Fo ACAGAAGGCCCTGGCAGTGTT 

 
Re GCAGCGTATCCACATAGCGTAAAAGG 

SPI1-TG Fo CGCTGCGCAACTACGGCAAGA 

 
Re GCAGCGTATCCACATAGCGTAAAAGG 

ZBTB16-TG Fo CCCGCCCGACTGGAGGATAGA 

 
Re GCAGCGTATCCACATAGCGTAAAAGG 

  




