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Figure S1. Analysis of transcription factor gene expression in human cells/tissues and characterization of induced 
cells, related to Figure 1. The combination of either (A) GATA2, FOS and GFI1B or (B) GATA2, FOS, GFI1B and ETV6 
is mostly enriched in human CD34+ HSPCs among 84 tissues and cell-types. Gene expression data from different human 
tissues and cell-types, were obtained from the GeneAtlas U133A database. The “GPSforGenes” program was written and 
used to classify the tissues where combinations of TFs were most enriched (best fit = 1). (C) Kinetics of induction in days of 
CD34 and CD49f-positive populations. (D) Morphological analysis of HDF and BJ fibroblasts 26 days after transduction 
with GGF or mOrange as a control. (E) Flow cytometry analysis of CD34 and CD49f expression in HDF and BJ fibroblasts 
26 days after transduction with GGF (upper panels) or M2rtTA as a control (lower panels). 



	 	

 

Figure S2. A human HSPC-like cell surface phenotype is induced during reprogramming, Related to Figure 1. (A) 
Expression of CD45 and CD133 within CD34+CD49f+ (orange lines), CD49f+ (red lines) and double negative population 
(blue lines) from two independent experiments starting with HDFs. (B) Expression of CD90, CD45 and CD133 within the 
CD34+CD49f+ population. (C) Lack of expression of CD38 and CD45RA in both CD34+ (red lines) and CD34- (blue lines) 
populations in both HDF (left panel) or BJ (right panel) derived cells from two independent experiments. (D) Flow cytometry 
analysis of CD34 and CD49f expression 27 days after Dox induction in fibroblasts transduced with GATA2, GFI1B and FOS 
(GGF) or with combinations of two TFs (orange box CD34+CD49f+, red box CD34-CD49f+, blue box CD34-CD49f-). 
Quantification of the CD34+CD49f+ population (right panel) between days 25-28 (mean ± SD, n=3). (E) Expression of 
CD45 and CD133 within the CD34+CD49f+ population (orange lines), CD49f+ single positive (red lines) or double negative 
populations (blue lines) in fibroblasts transduced with GGF or GATA2+FOS. Quantification of the CD133+ population 
(upper right panel) and CD45+ population (lower right panel) between days 25-28 (mean ± SD, n=3). 



	 	

 

Figure S3. Key hemogenic genes are induced during reprogramming, Related to Figure 2. (A) Fibroblasts were 
transduced with GATA2, GFI1B and FOS (GGF) and global gene expression levels in non-transduced fibroblasts (BJ) and 
human dermal fibroblasts (HDF), day 15 CD49f+, day 25 CD49f+ and day 25 CD34+CD49f+ were profiled by RNA-seq 
(biological replicates: 1, 2 and 3). Reads were aligned to the human genome and those that mapped to the MMP1, ANGPTL4, 
ACE and CD34 genes are displayed as maximum read heights. (B) Flow cytometry analysis with the BB9 antibody (that 
detects ACE cell surface expression) in HDFs 25 days after transduction with GGF. Percentages of CD49f+BB9+ and 
CD49f+BB9+CD34+ cells and isotype control for BB9 are shown. (C) The expression levels of fibroblast (green), 
endothelial (black and grey) and hematopoietic (red)-specific genes are shown as FPKM mean values ± SD.  
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Figure S4. Induced hemogenic cells display an angiogenic and HSPC gene expression signature, Related to Figure 2. 
The expression of genes implicated in angiogenesis is shown in (A) BJ and (B) HDF derived cells. Red indicates increased 
expression and blue, decreased expression over the mean. Data were analyzed by Cluster 3.0 and displayed by Treeview. (C) 
Gene set enrichment analysis (GSEA) was performed for CD49f+ cells compared to BJs. Gene expression lists were analyzed 
for enrichment of angiogenesis and regulation of angiogenesis gene sets present in the GO biological process database. (D) 
GSEA for HDF and BJ to CD34+CD49f+ samples. Gene expression lists were analyzed for enrichment of gene sets present 
in the Molecular Signatures Database (MSigDB) (1888 gene sets, gene size 0-5,000). Orange lines represent HSPC datasets 
ordered according to normalized enrichment score (NES). The dashed line highlights the cut-off FDR = 0.25. Right panels 
show GSEA for CD34 enriched TFs, Wnt, Hedgehog and TGFβ signaling pathways gene sets. (E) Gene list enrichment 
analysis based on single-cell RNA-Seq data. The 500 most differentially expressed genes between HDF, day 2, day 15 
CD49f+, day 25 CD49f+CD34+ and CD34+ UCB were used. Upregulated and downregulated genes and their functional 
enrichment from the population on the left to the population on right-hand side are displayed by Enrichr hyperlinks 
(amp.pharm.mssm.edu). (F) Total (left panel) and endogenous (right panel) single cell expression of GATA2, GFI1B and 
FOS is shown as Log counts presented as scatter plot for HDFs, transduced HDFs at day 2, reprogrammed CD49f+ and 
CD34+CD49f+ (HDF-GGF) and umbilical cord blood CD34+ cells. (G) GSEA was performed comparing CD34+CD49f+ 
cells to CD49f+. Gene expression lists were analyzed for enrichment of HSC (upper panel) and MPP (lower panel) gene sets 
from Notta et al 2011. (H) GSEA using annotated gene sets from NetPath-annotated signaling pathways highlighting top 
enriched pathways in CD49f+ (upper panel) and CD34+CD49f+ cells (lower panel). NES, normalized enrichment score.  



	 	

 
 
Figure S5. Strategy for detection and immunoprecipitation of GATA2, FOS and GFI1B in fibroblasts, Related to 
Figure 4. (A) Schematic representation of the lentiviral vector strategy used to transduce HDFs. (B) The specific detection of 
TFs was validated by western blotting using antibodies against FOS, FLAG or HA tags 48 hours after transducing with 
GATA2, GFI1B and FOS (GGF). (C) Transduced HDFs were assayed by immunofluorescence using antibodies against FOS, 
FLAG or HA tags where appropriate. Merged pictures show that FOS, FLAG-GATA2 or HA-GFI1B (Green) localize in the 
nucleus (Dapi, Blue) as expected. (D) Shows the sub-nuclear localization of the three transcription factors and highlight the 
binding pattern of GFI1B (middle panel). Scale bars = 20 µm. (E) ChIP-seq signal distribution for GATA2 and GFI1B when 
TFs expressed in combination (GGF, upper panels) or individually (lower panels). Plots display the average signal 1kb 
upstream the transcriptional start site (TSS), along gene bodies and 4kb downstream the transcription termination site (TTS). 
Genic regions are represented as a 3kb long metagene. (F) GATA2 occupancy profile at the GPR56 locus. Genomic scale is 
in kilobases (kb). (G) GATA2 and GFI1B occupancy profile at the BMPER locus. Major peaks are highlighted. 



	 	

 

Figure S6. Gene ontology, pathway enrichment and regulatory interactions between GATA2, GFI1B and FOS, 
Related to Figure 5 and 6. (A) Panther pathway enrichment analysis of genes bound by GATA2 (left panel) and GFI1B 
(right panel) in HDFs transduced with GATA2, GFI1B and FOS (GGF). (B) Biological processes GO terms enriched for 
GATA2 (left panel) and GFI1B (right panel) bound genes in HDF transduced with GGF. (C) GATA2 and GFI1B occupancy 
profile at the GATA2, FOS and GFI1B loci. The scheme summarizes the regulatory interactions between the three 
transcription factors. (D) Uncropped images of immunoblots displayed in Figure 5. Dashed boxes indicate areas that were 
cropped. (E) Rows represent chromatin states according to ChromHMM annotation. TssA (active promoters), TssFlnk 
(flanking promoters), TssFlnkU (flanking upstream promoters), TssFlnkD (flanking downstream promoters), Tx (strong 
transcription), TxWk (weak transcription), EnhG1/2 (Genic enhancers), EnhA1/2 (active enhances), EnhWk (weak 
enhancers), ZNF/Rpts (ZNF genes &amp; repeats), Het (Heterochromatin), TssBiv (Bivalent/Poised TSS), EnhBiv (Bivalent 
Enhancer), ReprPC (Repressed PolyComb), ReprPCWk (Weak Repressed PolyComb) and Quies (Quiescent). Left panels 
(blue) show the percentage of genome occupancy for chromatin marks in HDFs. Right panels (orange) show the percentage 
of genome occupancy for chromatin marks in K562 cells. 



	 	

 
Table S4. Datasets analyzed in this study, Related to Figure 2 and 6.  
 

 
 

 

 

 

 

 
 

GEO accession  Cell type Experiment  
 

H3K4me3  GSM733650 HDFs ChIP-seq  

H3K4me1  GSM1003526 HDFs ChIP-seq  

H3K27ac  GSM733662 HDFs ChIP-seq  

H3K27me3  GSM733745 HDFs ChIP-seq  

H3K9me3  GSM1003553 HDFs ChIP-seq  

H3K36me3  GSM733733 HDFs ChIP-seq  

DNase I  GSM736567 HDFs ChIP-seq  

H3K4me3  GSM733680 K562 ChIP-seq  

H3K4me1  GSM733692 K562 ChIP-seq  

H3K27ac  GSM733656 K562 ChIP-seq  

H3K27me3  GSM733658 K562 ChIP-seq  

H3K9me3  GSM733776 K562 ChIP-seq  

H3K36me3  GSM733714 K562 ChIP-seq  

GATA2  GSM935373 K562 ChIP-seq  

FOS  GSM935355 K562 ChIP-seq  

GFI1B 

Hemogenic reprogramming   

GSM1278242 

GSE47497 

Proerythroblast 

MEFs 

ChIP-seq  

mRNA-seq 

Human HSCs GSE29105 UCB HSCs Microarray 




