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Abstract 
 

The cytokine erythropoietin (EPO) is a potent inducer of erythrocyte 

development and one of the most prescribed biopharmaceuticals. The action of EPO 

on erythroid progenitor cells is well established, but its action on hematopoietic stem 

cells (HSCs) is still debated. Here, using cellular barcoding, we traced the 

differentiation of hundreds of single HSCs, after in vitro EPO exposure and 

transplantation, in five different hematopoietic cell lineages, and observed the 

occurrence of high-output Myeloid-Erythroid-megaKaryocyte (MEK)-biased and 

Myeloid-B-cell-Dendritic cell (MBDC)-biased clones. ScRNAseq analysis of in vitro 

EPO-exposed HSCs revealed upregulation of erythroid associated genes in a subset 

of HSCs. Collectively, as well as demonstrating a direct effect of EPO on HSCs, our 

results suggest an EPO-mediated induction of MEK-bias in multi-outcome HSCs, and 

that this change in output is functionally compensated by MBDC-biased HSCs. 

 
Introduction  
  

Erythrocytes are the most numerous hematopoietic cells in our body and are 

constantly renewed1. The major inducer of erythroid cell development in steady state 

and during anemic conditions is the cytokine EPO2. Recombinant EPO is widely used 

to treat anemia and is one of the most sold biopharmaceuticals3. Previously, EPO was 

thought to solely target erythroid-committed progenitors and induce their increased 

proliferation and survival via the EPO receptor (EPOR)4. Recently, alternative EPO 

receptors (EphB45, CD1316, and CRFL37) have been described, opening new 

pathways for EPO action. EPO has been shown to also target hematopoietic niche 

cells (osteoblasts and osteocytes8,9, endothelial cells10,9, adipocytes11,12, 

mesenchymal stem cells13,14). In the hematopoietic hierarchy, EPO has also been 
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suggested to act on hematopoietic stem and progenitor cells15,13,16,17,18,19,20,21, but 

several aspects remain debated. 

First, it is unclear through which receptor EPO could act on HSCs. Both 

transcription22,23,24,25,13, and no transcription9 of Epor have been reported in HSCs, as 

well as EPOR surface expression on HSCs13,26 and the expression of alternative EPO 

receptors (EphB427,28,29, CD131 and CRFL323). Secondly, different effects of EPO on 

HSCs have been observed. In early studies, high EPO levels were associated with 

increased HSC proliferation15,21. More recently, upregulation of cell cycle-related 

genes in HSCs following an increase of EPO levels in vivo corroborated these 

findings17,18,20.  In addition, an increased EPO level was found to impact expression of 

immune response genes18 or bone homeostasis-associated genes13 in HSCs. In 

parallel, the upregulation of erythroid genes in HSCs in response to EPO20,16, as well 

as an increased erythroid production and decreased myeloid cell production after 

transplantation of in vivo EPO-exposed HSCs16, has been observed. Others, however, 

reported that multi-potent progenitor subsets, rather than HSCs, change cell cycle- and 

lineage-associated gene expressions after in vivo EPO exposure 18,19. In summary, the 

findings on the effect of EPO on HSCs are conflicting.  

For a long time, the mechanism of cytokine action on HSCs has been an 

important research topic30,31,32,33,34,35. One difficulty is the discrimination between direct 

effects of cytokines on HSCs and indirect effects through action on the HSC 

environment36. It is now established that HSCs are heterogenous in the quantity 

(lineage-bias) and the type of cells (lineage-restriction) they produce, and myeloid-, 

lymphoid-, and platelet or platelet/erythroid-biased and restricted HSCs as well as 

lineage-balanced HSCs have been described37,38,39,40,41,42,43,44. Cytokines have been 

reported to act directly on the lineage production of the heterogenous pool of HSCs 
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through the selective proliferation or survival of pre-existing lineage-biased HSCs45,46 

or through de novo lineage instruction of HSCs47,48. In addition indirect effects of 

cytokines on HSCs have been reported36. Only a clonal assessment of single HSCs 

using methods to trace the fate of single HSCs can distinguish these direct actions of 

cytokines. 

For the cytokine EPO, evidence for the selective proliferation of pre-existing 

lineage-biased HSCs and de novo lineage instruction of HSCs is still lacking. 

Importantly, as most studies analyzed the effect of in vivo EPO exposure on 

HSCs8,9,10,11,12,13,14, it is still unclear whether EPO acts directly on HSCs, via their 

environment, or both. To address the direct effects of EPO on HSC differentiation after 

transplantation at the clonal level, we here utilize cellular barcoding technology which 

allows us tracing of the progeny of hundreds of single HSCs in vivo. By analyzing 

cellular barcodes in five mature hematopoietic lineages and the HSC compartment, we 

observed high-output MEK-biased and MBDC-biased HSC barcode clones after EPO-

exposure. ScRNAseq of in vitro EPO-exposed HSCs revealed upregulation of erythroid 

associated genes in a subset of HSCs. Our results demonstrate a direct effect of EPO 

on HSC differentiation after transplantation with implications for basic HSC research 

and therapeutic applications in the clinic. 

 

Results  

 

Effect of EPO-exposure on HSC biases four weeks after transplantation. To study 

the effect of in vitro EPO exposure on HSC differentiation after transplantation, we 

labelled sorted HSCs (C-Kit+ Sca1+ Flt3- CD150+) (Supplementary Fig. 1a) with a 

unique genetic barcode as previously described49, exposed them to EPO (1,000 ng/ml) 
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or PBS for 16 hours in vitro and transplanted them into 6 Gy sub-lethally irradiated 

recipient mice (Fig. 1a). We used a newly generated lentiviral barcode library (LG2.2) 

with high diversity (18,026 barcodes in reference list), consisting of random 20 

nucleotides sequences positioned adjacent to the green fluorescent protein (GFP) 

gene. At day 30 after transplantation, barcoded (GFP+) erythroblasts (E; Ter119+ 

CD44+), myeloid cells (M; Ter119- CD19- CD11c- CD11b+), and B-cells (B; Ter119- 

CD19+) (Supplementary Fig. 1b-c, e) were sorted from the spleen and their barcode 

identity assessed through PCR and deep-sequencing. No difference in chimerism was 

observed between the EPO and control group in the spleen and blood, even when 

mTdTomato/mGFP donor mice were used to better assess the erythroid lineage (Fig. 

1b-c). We observed a change in the differentiation pattern of HSCs from balanced to 

unbalanced pattern upon EPO treatment compared to controls, as seen in the triangle 

plot in which fewer HSCs were at the center of the triangle in the EPO group (Fig. 1e, 

Supplementary Fig. 2a). The number of barcodes producing each lineage was similar 

in both groups (Fig. 1d), indicating that EPO exposure didn’t affect the number of 

engrafting and differentiating HSCs after transplantation. The number of erythroid 

restricted HSCs was not increased in the EPO group as compared to control (Fig. 1e), 

indicating that the response to EPO is more complex than a direct instruction of 

erythroid restricted HSCs. To better quantify the change in the HSC differentiation 

pattern upon EPO exposure, barcode-labeled HSCs were assigned to lineage-biased 

classes using a classifier that is based on the balance of cellular output between the 

M, B and E lineages. For a 10% threshold classifier, this means for example that HSCs 

classified as ME-biased had above 10% of their output in the M and E lineage, and 

under 10% of their output in the B lineage (Supplementary Fig. 2b). Interestingly, 

although the percentages of the different classes of lineage-biased HSCs in control 
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and EPO group were not significantly different (Fig. 1f), their contribution to the 

different lineages was modified (Fig. 1g). In the control group, balanced HSCs (MBE) 

produced the majority of all lineages, as previously published50, whereas their output 

was reduced in the EPO group (Fig. 1g). In the EPO group, ME- and MB- biased clones 

produced most cells of the analyzed lineages (Fig. 1g). ME-biased HSCs produced the 

majority of erythroid cells (57% +/- 10%), MB-biased HSCs produced the majority of 

B-cells (58% +/- 36%), and ME- and MB-biased HSCs contributed the majority of 

myeloid cells (MB-biased 45% +/- 38% and ME-biased 20% +/- 13%, together 65% +/- 

25%). To test the significance of this effect, we used a permutation test, which 

compares the effect size between control and EPO group to the one of all random 

groupings of mice51. The contributions of the ME- and of the MB-biased HSC classes 

to the different lineages were significantly different in EPO and control groups 

(Supplementary Table 1). These results held for different classification threshold 

values and were reproduced in an additional experiment (Supplementary Fig. 2c-g). 

Overall, EPO affected the balance in cell production of HSCs by inducing changes in 

the cell output of lineage-biased HSCs, but no difference in their number i.e., no 

difference in the clonal composition of the HSC compartment itself. One average we 

detected around one hundred barcodes per mouse (Fig. 1d) which gives enough power 

to our analysis. However, small changes in clonal composition cannot be formally 

excluded. We repeated the experiment with a lower EPO concentration (160 ng/ml) as 

well as with an additional single injection of EPO (16,000 IU/kg) during transplantation. 

Both setups gave similar results (Fig. 2, Supplementary Fig. 3), with significantly 

increased contribution of the ME-biased HSC category to the myeloid and erythroid 

lineages, and of the MB-biased HSC category to the B and myeloid lineage in the EPO 

group, as detected by permutation testing (Supplementary Table 1). In summary, in 
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vitro EPO priming of HSCs modified the output balance of HSCs rather than the clonal 

composition of lineage-restricted and -biased HSCs. Balanced HSCs produced a 

smaller percentage of the mature cells; ME-biased HSCs produced most of the 

erythroid cells and MB-biased HSCs produced most of the B cells.  

 

Contribution of biased HSCs to the DC and MkP lineage after EPO exposure. To 

further characterize the cells produced by the ME-biased and MB-biased HSCs, we 

repeated our experimental set up including the analysis of the megakaryocyte and 

dendritic cell (DC) lineages (Fig. 3). Megakaryocyte Progenitors (MkP) were chosen 

as proxy for the production of platelets which are not suitable for barcode analysis. 

Barcoded (GFP+) DCs (DC; Donor Ter119- CD19- CD11c+ CD11b-) and MkP (MkP; C-

Kit+ Sca-1- CD150+ CD41+) ( Supplementary Fig.1 c-e) were sorted together with M, E, 

and B cells, 4 weeks after transplantation of control or EPO-exposed HSCs (1,000 

ng/ml). In both groups, the majority of the balanced, ME-, and MB-biased HSCs 

produced also DCs (Fig. 3a). We observed a minor contribution of DC-restricted HSCs 

to the DC lineage, as previously reported49 (Fig. 3b). In the control group, balanced 

HSCs produced the majority of DC (65% +/- 9%) (Fig. 3b). However, in the EPO group, 

balanced HSCs decreased their contribution to the DC lineage (36% +/-25%) and MB-

biased HSC significantly increased their contribution to DC production (86% +/- 43% 

EPO vs 22% +/- 11% control group) (Fig. 3b). Thus, they were MBDC-biased HSCs. 

In contrast the ME-biased HSCs produced few DCs in both groups (Fig. 3b), indicating 

that ME-biased HSCs are restricted both in their B and DC production compared to the 

M and E production. Again, all the observed effects were significant by permutation 

testing (Supplementary Table 1).  
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The majority of the MkP production came from the ME-biased HSCs in both 

groups (58% +/- 21% control and 55% +/- 14% EPO group, Fig. 3c-d), indicating that 

ME-biased HSCs were also MkP-biased HSCs (thus MEK-biased). We did not detect 

a high contribution of MkP-restricted HSCs41,40,52 to the MkP lineage (01% +/- 1% in 

control and 3% +/- 4% in EPO group, Fig. 3d). Finally, as high EPO exposure has been 

linked to changes in macrophage numbers53, we analyzed the contribution of control 

and EPO-exposed HSCs to the myeloid lineage in more detail. Barcoded myeloid 

lineage (GFP+ Donor Ter119- CD19- CD11c- CD11b+) macrophages (Ma; CD115- 

Siglec-F- Ly6G-), eosinophils (Eo; CD115- Siglec-F+ Ly6G-), monocytes (Mo; CD115+ 

cells), and neutrophils (Neu; CD115- Siglec-F- Ly6G+), were sorted together with B, and 

E cells as before for analysis (Supplementary Fig. 4a). We could not detect changes 

in the percentage of the different myeloid subsets produced by the bulk or single HSCs 

after transplantation in control and EPO group (Supplementary Fig. 4b-c). 

 

ScRNAseq profile of HSCs after in vitro culture. One concern when studying the 

differentiation of in vitro EPO-exposed HSCs is that in vitro culture could alter HSC 

properties and already initiate differentiation. We analyzed the cell surface phenotype 

of the HSCs after in vitro culture (Supplementary Fig. 1f) and observed that the majority 

of cells conserved the original sorted phenotypes with a slight downregulation of c-Kit, 

which is known for cultures containing stem cell factor54. To further characterize the 

cells that were injected, we performed single cell RNA sequencing (scRNAseq) of 

barcoded HSC after the in vitro culture in medium supplemented with EPO or PBS 

using the 10X Genomics platform. 1,706 cells from control and 1,595 cells from the 

EPO group passed our quality control and were mapped to a published dataset to 

perform supervised cell type annotation. We generated a reference map of 44,802 ckit+ 
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cells from55 and used published signatures56,19,57 to annotate this map for ckit+ cells, 

LSK, MPP4, lymphoid, erythrocytes, megakaryocyte and myeloid progenitors (Fig. 4a 

and Supplementary Fig. 5b). We then projected our single cell data on this map using 

k-nearest neighbors mapping58. We observed that both the control and the EPO-

exposed HSCs similarly overlapped with non-MPP4 LSK cells, according to their 

sorting phenotype (C-Kit+ Sca1+ Flt3- CD150+) (Fig. 4b). These results indicate that 

neither the in vitro culture itself nor the EPO treatment dramatically affected the identity 

of the sorted HSCs. To benchmark our mapping and projection method, we projected 

erythroid progenitors from an independent dataset19 onto the reference map and found 

they mapped to the predicted region of the annotated map (Supplementary Fig. 5a). 

This analysis suggests that EPO-exposed HSCs retain their identity after in vitro 

culture and before transplantation.  

 

Effect of EPO-exposure on HSC scRNAseq profile. The scRNAseq data was further 

analyzed using the Seurat package59 to look for the effect of EPO exposure. When 

comparing the EPO and control group, we found 1,176 differentially expressed genes 

(Fig. 4c and Supplementary Table 2) and this number was significantly higher than the 

number expected due to chance (p-value=0,01) as assessed by permutation test. 

Among the most upregulated gene in the EPO-exposed HSCs, were genes with clear 

erythroid association as Hbb-bs, Erdr1, Wtap, Kmt2d, or Nfia60, GATA1 targets (Abhd2, 

Cbx3, Kdelr2, Pfas), cell cycle related genes (Tubb5, Hist1h2ap) as well as genes 

previously described to be induced in HSCs after in vivo EPO exposure, such as 

Bmp2k13 and Ifitm117 (Fig. 4c). Genes involved in stem cell maintenance, such as 

Serpina3g, Mecom, Txnip, Meis1, Pdzk1ip117, Sqstm161, Smad762, Aes63, were among 

the most downregulated genes in the EPO-exposed HSCs (Fig. 4c).  
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As our cellular barcoding data suggests that single HSCs differ in their response 

to EPO, we assessed the heterogeneity of EPO responses at the transcriptomic level. 

UMAP-based visualization of the data suggested that a small group of EPO treated 

cells had a distinct transcriptomic profile from the rest of the dataset (Fig. 4d). This 

observation was independent of the number of PCA components and genes used in 

the analysis (Supplementary Fig. 5c). We then defined an EPO response signature 

based on the genes significantly upregulated in the EPO group compared to the control 

group and analyzed the expression of this signature in the EPO-exposed HSCs. The 

cells that were enriched in the EPO group compare to control were also expressing the 

highest score for the EPO response signature (Fig. 4e), indicating that the key 

molecular differences between our control and EPO groups were driven by a subgroup 

of cells. Reasoning that this subgroup contains the cells directly responding to EPO, 

we defined as EPO-responders, cells in the 90th percentile of EPO response signature 

expression (Fig. 4e). Note that when cells were clustered in three groups based on the 

stability analysis of unsupervised clustering (Supplementary Fig. 5d-e), EPO 

responders were enriched in cluster 2 relative to the others (Supplementary Fig. 5f), 

corroborating our results from supervised analysis that EPO responders were a 

subgroup of EPO-exposed HSCs. The genes encoding EPOR, as well as the 

alternative EPO receptors EphB4, CD131, CRFL3 were equally expressed between 

the EPO-responders, non-responders and control groups (Supplementary Fig. 5g). 

Reasoning that the EPO-responders could correspond to MEK-biased HSCs, we also 

looked for potential MBDC-biased HSCs but could not detect a subgroup of cells with 

upregulation of lymphoid associated genes, suggesting that the MBDC-bias is not a 

direct effect of EPO exposure but more an indirect effect. In summary, in vitro EPO 
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exposure induced the upregulation of erythroid genes and downregulation of stem cell 

maintenance genes in a subgroup of HSCs. 

 

Effect of EPO on HSC self-renewal. As we observed changes in stem cell 

maintenance-associated gene expression after in vitro EPO exposure, and in light of 

previous studies which suggested changes in HSC proliferation after in vivo EPO 

exposure15,2117,18,20, we next explored if the self-renewal capacity of HSCs was 

impacted after in vitro EPO-exposure and transplantation. We therefore analyzed 

barcodes in bone marrow HSCs in addition to the spleen E, M, and B lineages at week 

4 after transplantation of control and EPO-exposed HSCs (160 and 1,000 ng/ml) (Fig. 

5). Most of the barcodes detected in HSCs were also present in the mature cells (Fig. 

5b) and this was unchanged in the EPO group, indicating that most of the HSCs were 

actively differentiating at 4 weeks post-transplantation both in the control and the EPO 

groups. Not all barcodes detected in mature cells were also present in HSCs (Fig. 5b), 

indicating that these barcoded HSCs were not self-renewing or below the limit of 

detection. Despite confidently detecting similar numbers of barcodes in HSCs (Fig. 5a) 

and in the mature lineages (Fig. 1d), the limit of barcode detection does not allow to 

formally exclude the presence of these barcodes in a small number of HSCs.  

To analyze if different HSC biases correlated to different self-renewal capacity, 

we analyzed the proportion of biased HSC classes as previously defined within the 

HSC compartement (Fig. 5c). In the control group, balanced and ME-biased HSCs 

contributed most to the HSC reads (34% +/- 36% MBE and 37% +/- 34% ME-biased 

HSCs), while barcodes of MB-biased HSCs contributed less (15% +/- 32%) (Fig. 5c), 

a trend that has been previously described64,65,41. Surprisingly, the pattern of 

contributions of different biased HSC subsets to HSC reads was unchanged in the 
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EPO groups (Fig. 5c), implying that the extent of self-renewal in different self-renewing 

biased HSC classes was unchanged after in vitro EPO exposure.  

To study if the increased production of cells by the ME- and MB-biased HSCs 

to the mature cells observed after in vitro EPO-exposure (Fig. 1-3) correlated with self-

renewal capacity of HSCs, we analyzed the contribution of barcodes detected or not 

in HSCs to the E, M, and B lineages (Fig. 5d). The majority of mature cells were derived 

from barcodes also present in HSCs in the control group. In both EPO groups, the 

contribution of barcodes detected in HSCs to mature cells was lower (Fig. 5d) and this 

difference was significant by permutation testing (Supplementary Table 1). These 

results imply that the increased contribution of biased HSC classes to the mature cell 

lineages after in vitro EPO-exposure is most likely caused by cells not detected within 

HSCs, and thereby cells possibly differentiating more than self-renewing. However, as 

stated before, the limit of barcode detection in HSCs does not allow to formally exclude 

the presence of these barcodes in few HSCs. 

 

Effect of EPO-exposure four months after transplantation. Finally, to test the 

duration of the effect of EPO exposure on HSCs, we repeated the experiment and 

analyzed barcodes in the E, M, and B lineages at 4 months after transplantation of 

control or EPO-exposed HSCs (160 and 1,000 ng/ml) (Fig. 6). In the control group, as 

reported before66, the chimerism at 4 months after transplantation was increased 

compared to one month post-transplantation and the number of barcodes detected in 

HSCs was lower than at the early timepoints after transplantation (Fig. 6c-d and 1b-d). 

We detected no significant changes in the clonal composition or clonal output of HSCs 

between control and EPO group at this timepoint, implying that the effect of direct EPO-

exposure on HSCs is transient (Fig. 6a-b,e).  
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Discussion 

We could establish here, that EPO does have a direct effect on HSC 

differentiation after transplantation. High output MEK-biased and MBDC-biased HSCs 

produced the majority (>60%) of mature hematopoietic cells after in vitro EPO 

exposure and transplantation. The increased erythroid-associated gene signature in a 

subset of HSCs after in vitro EPO-exposure suggests that EPO directly induced high 

output MEK-biased HSCs which is indirectly compensated for by occurrence of MBDC-

biased HSCs to maintain a balanced production of hematopoietic cells. Our results are 

only partially in line with reports on the effect of high systemic EPO levels on 

HSC17,19,18,20,16, implying that EPO-induced effects on the HSC niche might also 

influence HSC differentiation. The direct effect of EPO on HSCs we described here 

could be one of the factors underlying the development of adverse side effects and co-

morbidities during long-term EPO use in the clinics. The effect of cytokines on HSCs 

has previously been suggested to consist of selective induction of proliferation in a pre-

existing lineage-biased HSC subset, and a de novo lineage instruction45,46,47,48,16. Our 

results highlight a more complex picture with changes in HSC differentiation apparent 

at the single cell level, while masked at the bulk level by compensation and feedback 

mechanisms. 
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Materials and methods 

 

Mice 

Male C57BL/6J CD45.1+, C57BL/6J CD45.2+, and Rosa26CreERT2;mT/mG mice aged 

between 7-13 weeks were used in all experiments. All procedures were approved by 

the responsible national ethics committee (APAFIS#10955-201708171446318 v1).  

 

Barcode library, barcode reference list and lentivirus production 

A new barcode library, named LG2.2, was generated. Oligo DNA stretches of 180 bp 

including a 20 bp “N”-stretch were ordered. DsDNA was generated by 10 PCR rounds 

and cloned into the XhoI-EcoRI site of the lentiviral pRRL-CMV-GFP plasmid67. 

Subsequently ElectroMaxStbl4 cells were transformed, and approximately 16,000 

colonies picked for amplification by Maxiprep. A colony PCR showed approximately 

15% of barcode negative colonies which led to an estimated final diversity of 13,000 

barcodes for the new LG2.2 library. To create a barcode reference list as in49, the pool 

of barcode plasmids was PCR amplified twice in duplicate using the a three-step 

nested PCR described in the barcode PCR section below and sequenced using 

SR65bp on a HiSeq 2500 System (Illumina) in Rapid run mode. Sequencing results 

were filtered to discard PCR and sequencing errors49. Briefly, resulting read numbers 

were normalized between replicates, sequences present in both replicates were sorted 

by frequency and the cumulative read number determined. Barcode sequences that 

made up less than 92,5% of the cumulative read number were discarded. Furthermore, 

barcodes that were above 1,5-fold more prevalent in one replicate and the most 

abundant barcodes were discarded. The resulting barcode reference list is present in 

Supplementary Table 3. Lentivirus was produced by transfecting the barcode plasmids 
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and p8.9-QV and pVSVG into HEK293T cells in DMEM-Glutamax supplemented with 

10% FCS (Gibco), 1% MEM NEAA, and 1% sodium pyruvate using Polyethyleneimine. 

Supernatant was 0,45 um filtered, concentrated by 1h30 ultracentrifugation at 31 000g 

and frozen at -80°C.  

 

HSC isolation, barcoding, EPO treatment, and transplantation 

Isolation and labeling of cells with the LG2.2 lentiviral barcoding library was performed 

as described for the lentiviral barcoding library in49. Briefly, bone marrow cells were 

isolated from femur, tibia and iliac bones by flushing using a 21G needle (Terumo), 

and C-Kit+ cells enriched using anti-CD117 magnetic beads (Miltenyi) on the MACS 

column system (Miltenyi). Cells were stained for C-kit, Flt3, CD150, Sca-1 (Table 1) 

and with Propidium iodine (Sigma) at a concentration of 1:5,000 directly before sorting 

and HSCs (LSK Flt3- CD150+) (Supplementary Fig. 1a) were sorted. HSCs were 

transduced with the lentiviral barcode library in StemSpanMedium SFEM (STEMCELL 

Technologies) supplemented with 50 ng/ml mSCF (STEMCELL Technologies) through 

1,5 h of centrifugation at 300 g and 4,5 h incubation at 37°C in order to obtain 10% 

barcoded cells. After transduction, human recombinant EPO (Eprex, erythropoietin 

alpha, Janssen) at a final concentration of 1,000 or 160 ng/ml or PBS was added and 

cells incubated for 16 hours at 37°C. After the incubation, the cells were transplanted 

in 6 Gy sub-lethally irradiated recipient mice. Approximately 2,600 cells (Mean 2684 

cells +/- 175 cells) were injected in the tail vein of each mouse. When indicated, cells 

were injected together with additional EPO (16,000 IU/kg) at the moment of 

transplantation.  

 

Cell progeny isolation for barcode analysis 
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At 4 weeks, or 4 months after transplantation, spleen, and/or blood, and/or bones 

(femurs, tibias and ilia) were isolated for barcode analysis from recipient mice. Spleens 

were mashed using 100 µm cell strainer (Gibco) and separated into a Ter119+ and 

Ter119- fractions using a biotinylated anti-Ter119 antibody (Table 1) and anti-

biotinylated beads (Miltenyi) on the MACS column system (Miltenyi). Blood cells were 

also separated into a Ter119+ and Ter119- fraction using the same protocol. For both 

spleen and blood, Ter119+ cells were stained for Ter119 and CD44. Ter119- cells were 

stained for CD45.1 CD11b, CD11c, CD19, and if appropriate CD115, Siglec-F, and 

Ly6G (Table 1). Bone marrow cells were extracted by flushing of the bones using a 

21G needle (Terumo) and enriched using anti-CD117 magnetic beads (Miltenyi) on the 

MACS column system (Miltenyi). The ckit- fraction was further separated into a Ter119+ 

and Ter119- fractions using the same protocol as for splenic and blood cells. C-Kit+ 

cells were stained for c-Kit, Flt3, CD150, Sca-1, and if appropriate CD41 (Table 1). 

Propidium iodine (Sigma) was added at a concentration of 1:5000 directly before 

sorting (spleen and bone) or sole flow cytometric analysis (blood). Analyzed and/or 

sorted populations in spleen and blood were Ter119- and viable donor (CD45.1+ or 

Tom+) barcoded (GFP+) B-cells (B; Ter119- CD19+), myeloid cells (M; Ter119- CD19- 

CD11c- CD11b+), erythroid cells (E; Ter119+ CD44+), and when appropriate dendritic 

cells (DC; Ter119- CD19- CD1b- CD11c+) (Supplementary Fig. 1b-d), and myeloid 

subsets (Ter119- CD19- CD11c- CD11b+) macrophages (Ma; CD115- Siglec-F- Ly6G-

), eosinophils (Eo; CD115- Siglec-F+ Ly6G-), monocytes (Mo; CD115+ cells), and 

neutrophils (Neu; CD115- Siglec-F- Ly6G+) (Supplementary Fig. 4a). Analyzed and/or 

sorted populations in bone were HSCs (LSK Flt3- CD150+) and MkP (C-Kit+, Sca-1-, 

CD150+, CD41+) (Supplementary Fig. 1a,d). 
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Lysis, barcode amplification and sequencing 

Sorted cells were lysed in 40 μl Viagen Direct PCR Lysis Reagent (cell) (Euromedex) 

supplemented with 0,5 mg/ml Proteinase K Solution RNA grade (Invitrogen) in a 

thermic cycler: (55°C for 120 min, 85°C for 30 min, 95°C for 5 min, indefinite at 4°C). 

Samples were then split into two replicates, and a three-step nested PCR was 

performed to, in a first step amplify barcodes (primers top-LIB 

(5′TGCTGCCGTCAACTAGAACA-3′) and bot-LIB (5′GATCTCGAATCAGGCGCTTA-

3′)), in a second step add unique 4 bp plate indices (forward 

5’ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNCTAGAACACTCGAGAT

CAG3′ and reverse 

5’GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCGATCTCGAATCAGGCGCTTA

3′), and in a third step add P5 and P7 flow cell attachment sequences and one of 96 

sample indices of 7 bp P5 

5’AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCC

GATCT3′ and P7 

5’CAAGCAGAAGACGGCATACGAGANNNNNNNGTGACTGGAGTTCAGACGTGCT 

CTTCCGATC3′) (PCR program: hot start 5 min 95°C, 15 s at 95°C; 30 s at 57.2°C; 30 

s at 72°C, 5 min 72°C, 30 (PCR1-2) or 15 cycles (PCR 3)). Both index sequences 

(sample and plate) were designed based on68 such that sequences differed by at least 

2 bases, and homopolymers or more than 2 bp, hairpins and complementary regions 

with the rest of the primer sequence were absent (Supplementary Table 4 and 5). To 

avoid lack of diversity at the beginning of the reads during sequencing, at least 4 

different plate indices were used for each sequencing run. Primers were ordered 

desalted, as high-performance liquid chromatography (HPLC) purified. During lysis 

and each PCR, a mock control was added. The DNA amplification by the three PCRs 
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was monitored by the run on a large 2% Agarose gel. Samples were pooled in order 

to guarantee a sequencing depth of 50 reads/cell. Five μl of the products of PCR3 for 

each sample and replicate were pooled, purified using the Agencourt AMPure XP 

system (Beckman Coulter), analyzed on a Bioanalyzer, and diluted to a concentration 

of 5 nM. These pools were sequenced on a HiSeq system (Illumina) (SR-65bp) at the 

sequencing facility of Institute Curie (10% of Phix Illumina phage genome library was 

added to generate a more diverse set of clusters).  

Barcode sequence analysis 

Sequencing results were analyzed using R-3.4.0 (R Development Core Team (2019) 

http://www.R-project.org.), Excel, and GraphPad Prism version 8.0 for Mac (GraphPad 

Software, La Jolla California USA, www.graphpad.com). Briefly, reads were first 

filtered for a 100% match in the input index- and common- sequences using XCALIBR 

(https://github.com/NKI-GCF/xcalibr) and filtered against the barcode reference list 

described above. Samples were filtered for containing at least 5000 reads and 

normalized to 105 per sample. Samples were then filtered for a Pearson correlation of 

barcodes above 90% between duplicates and reads present in only one of the two 

replicates were discarded. The mean of the replicates was used for further processing. 

As sometimes, the sharing of barcodes between mice was dependent on the 

sequencing runs rather than on the transduction batch, a filtering step was 

implemented as follows: When the mean percentage of barcodes shared between 

different sequencing runs was higher than within the same sequencing run for mice of 

a same transduction batch, reads below the read quartile of the mean percentage of 

barcodes shared between mice of a same transduction batch but sequenced on 

different sequencing runs were set to zero in order to equalize the barcode sharing 

between mice transplanted from a same transduction batch in different sequencing 
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runs to the barcode sharing between mice within each sequencing run. When 

indicated, heatmaps were generated using the R software on log10 transformed data 

using complete linkage and Euclidean distance (no reads are represented in black). 

When indicated, barcodes were categorized in progenitor classes either defining 

output in a lineage as presence of reads or using a previously published classifier49. In 

brief, read counts of each barcode in the different cell lineages were normalized 

enabling categorization into classes of biased output toward the analyzed lineages, 

using a threshold of 10% of a barcodes reads. Other thresholds were also analyzed 

(Supplementary Fig. 2c). Significance of changes in barcoding results (e.g. changed 

contribution of barcode classes to lineages) were analyzed using a permutation test as 

in51. Briefly, by permuting all mice of control and EPO groups, the generated 

differences of all random groupings were compared to the observed difference 

between control and EPO group. Significance of flow cytometry results was assessed 

using Student’s T test when indicated. 

 

ScRNAseq and analysis 

ScRNAseq was performed using the 10x Genomics platform. Raw sequencing reads 

were processed using the 10x Genomics software Cellranger. To obtain a 

reads/cell/gene count table, reads were mapped to the mouse GRCm38.84 reference 

genome. scRNAseq analysis was performed using Seurat59. During filtering, Gm, Rik, 

and Rp genes were discarded as non-informative genes. Cells with less than 1,000 

genes per cell and with a high percentage of mitochondrial genes were removed from 

downstream analyses. Data normalization was performed using the default Seurat 

approach and differentially expressed genes were determined using a logistic 

regression approach as implemented in Seurat. Unsupervised clustering was 
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performed on the significant variable genes using the ten first principle component 

analysis followed by the non-linear dimensionality reduction technique UMAP69 

(Supplementary Fig. 5b). We then performed unsupervised Louvain clustering of the 

data across a range of resolution parameters and chose the resolution value that led 

to the most stable clustering profiles70 (Supplementary Fig. 5c). To identify EPO-

responder cells in our EPO treated group, we first performed differential expression 

analysis between our control and treated groups. We then converted genes that were 

significantly (adjusted p-value< 0.05) upregulated in the EPO group into an EPO 

response signature which when overlaid onto our UMAP based visualization was 

enriched only in a subset of the EPO treated group cells. Cells in the upper 90th 

percentile with regards the expression of the EPO response signature were labelled 

EPO responders. To perform supervised cell type annotation, we generated a 

reference map from a published single cell sequencing dataset of 44,802 C-Kit+ cells 

processed using the 10X Genomics platform55. Data was downloaded from 

(https://github.com/theislab/paga) and preprocessed using an existing scanpy 

pipeline57. Data was then visualized using the non-linear non-dimensionality reduction 

technique UMAP69. We then map our cells onto this dataset using a k-nearest 

neighbors mapping approach. Briefly, for each cell in our query dataset we determine 

the nearest neighbors in PCA space of the reference dataset using the nn2 function of 

the RANN package58 and take the mean UMAP 1 and 2 coordinates of the 10 nearest 

neighbors as the reference point for the new cell of interest. To benchmark the method, 

we used cells from an independent dataset of early erythroid progenitors and 

committed erythroid progenitors (cell type definitions are provided in the original 

publication) generated by19 (data downloaded from 

https://kleintools.hms.harvard.edu/paper_websites/tusi_et_al/), no additional pre-
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processing was performed before we aligned to our reference map and compared 

against known markers (Supplementary Fig. 5a,b). 

 

Fluorescence activated cell sorting 

FACS was performed at the flow cytometry facility of Institute Curie on a FACSAriaTM 

(BD Biosciences). FACSDivaTM software (BD Biosciences) was used for 

measurements. Data analysis was performed using FlowJoTM v.10 (TreeStar). Cells 

were sorted using a 70 µm nozzle at precision 0/16/0 and high efficiency. 

 

Data and script accessibility 

All codes and data will be made available before publication on the github account of 

the Perié lab and ScRNAseq data will be deposited in the Gene Expression Omnibus 

(GEO) repository.   
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Figure legends 
 
Fig. 1: High output ME- and MB-biased HSCs occur after transplantation of EPO-
exposed HSCs. a, HSCs were sorted from the bone marrow of donor mice, lentivirally 

barcoded and cultured in vitro with or without 1,000 ng/ml EPO for 16h and 

transplanted into sublethal-irradiated mice. At week 4 post-transplantation, the 

erythroid (E), myeloid (M), and B-cells (B) lineages were sorted from the spleen and 

processed for barcode analysis. b, The percentage of donor derived cells (CD45.1+) 

among the total spleen, myeloid cells (CD11b+) or B-cells (CD19+) in the spleen of 

control and EPO group. c, To better assess chimerism in erythroid cells 

mTdTomato/mGFP donor mice were used. The fraction of Tom+ cells among erythroid 

cells (Ter119+) in the spleen and blood in control and EPO group. d, Number of 

barcodes retrieved in the indicated lineages at week 4 after transplantation in control 
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and EPO group. e, Triangle plots showing the relative abundance of barcodes (circles) 

in the E, M, and B lineage with respect to the summed output over the three lineages 

(size of the circles) for control and EPO group. f, Percentage of HSCs classified by the 

indicated lineage bias, using a 10% threshold for categorization. g, Quantitative 

contribution of the classes as in f to each lineage. Shown are values from several 

animals (n= 8 EPO, n= 10 control in b, n= 3 EPO, n=4 control in c spleen, n= 4 EPO, 

n=8 control in c blood collected over 5 different experiments (d-g) n=5 for control and 

n=2 for EPO group collected over one experiment). For all bar graphs mean and S.D. 

between mice are depicted. Statistical significance tested using Student-T-test p=0,05 

for (b-c). 

 
Fig. 2: Effect of different EPO concentrations on clonality after HSC 
transplantation. Same protocol as in Fig. 1 but HSCs were cultured with different 

concentrations of EPO (160 ng/ml or 1,000 ng/ml) for 16 h, and when indicated a single 

dose of EPO (16,000 IU/kg) was injected together with barcoded HSCs at the moment 

of transplantation. a, Triangle plots showing the relative abundance of barcodes 

(circles) in the erythroid (E), myeloid (M), and B-lymphoid (B) lineage with respect to 

the summed output over the three lineages (size of the circles) for the different 

experimental groups as indicated. Shown is data pooled from several mice. b, The 

percentage of each lineage produced by the barcodes categorized by bias using a 

10% threshold. Shown are mean and S.D. between mice (n=2 for 160 ng/ml, 1,000 

ng/ml, and 160 ng/ml + EPO injection, n=4 for 1,000 ng/ml + EPO injection (collected 

over 4 different experiments)).  
 
Fig. 3: Production of Dendritic Cells (DC) and Megakaryocyte Progenitors (MkP) 
by HSC after EPO-exposure and transplantation. In addition to the analysis of 

barcodes in the erythroid (E), the myeloid (M), and the B-cell (B) lineage, the DC 

lineage in spleen and MkP in bone marrow were added. a, Percentage of barcoded 

HSCs producing DC in the different HSC categories (classification as in Fig. 2 based 

on the M, E, and B lineage only using a 10% threshold. The DC only category was 

added). b, The percentage of the DC lineage produced by the barcodes categorized 

by bias as in a. c-d, Representations as in a-b for barcode detection in MkP. Data is 

derived from a cohort with detailed myeloid sorting. The myeloid lineage was merged 

according to the percentage of total donor myeloid as in Supplementary Fig. 4a to allow 
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classification as in a-b based on the M, E, and B lineage only using a 10% threshold. 

The MkP only category was added. Shown are values from several animals (a-b, n=5 

for control and n=2 for EPO group, c-d, n=3 for control and n=1 for EPO group 

(collected over two experiments)). For all bar graphs mean and S.D. between mice are 

depicted. 

 
Fig. 4: EPO exposed HSC characterization by scRNAseq. a, Overview of the 

reference map using supervised cell type annotation of the dataset from55. b, HSCs 

were sorted, barcoded and cultured in vitro with or without 1,000 ng/ml EPO for 16h, 

and analysed by scRNAseq using the 10X Genomics platform. Mapping of the 

transcriptomes of the 1,706 cells from control and 1,595 cells from EPO group obtained 

after quality control onto the reference map using a k-nearest neighbors mapping 

approach. c, Volcano plot of log2 fold change of the differentially expressed genes 

between control and EPO-exposed cells versus the adjusted p-value. Genes of interest 

are annotated. The significantly upregulated genes were used to defined a EPO-

response signature. d, UMAP visualization of the EPO treated and control HSCs. e, 

The level of expression in the EPO exposed HSCs of the genes in the EPO-response 

signature (top), and definition of the EPO responder and EPO non-responder 

subgroups using the 90th percentile expression of the EPO-response signature from c 

(bottom). f, The expression of the indicated genes in the control, EPO responder and 

EPO non-responder subgroups as defined in e. Statistical comparisons were made 

using a one-way ANOVA with p-values adjusted for multiple comparisons using 

Dunnett´s multiple comparison test.  
 
Fig. 5: Overlap of barcodes in HSCs and mature cells after transplantation of 
EPO-exposed HSCs. Same protocol as in Fig. 1 but HSCs were cultured with two 

different concentrations of EPO (160 ng/ml or 1000 ng/ml) for 16h. In addition, HSCs 

were sorted and subjected to barcode analysis. a, The total number of barcodes found 

back in HSCs. b, The percentage of barcodes in the mature cell subsets also detected 

in HSCs and the percentage of barcodes in HSCs also detected in mature cells. c, The 

percentage of the HSC lineage contributed by barcodes categorized by bias as in Fig. 

2 based on the M, E, and B lineage using a 10% threshold. d, The percentage of each 

lineage produced by the barcodes color coded for presence (blue) and absence (grey) 

in HSCs. Shown are values from several animals (n=5 for control, n=2 for EPO 160 
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ng/ml group and n=3 for EPO 1,000 ng/ml group. For all bar graphs mean and S.D. 

between mice are depicted. 
 
Fig. 6: The effect of EPO on HSC clonality after transplantation is transient. Same 

protocol as in Fig. 2, but barcodes in the E, M, and B lineage in spleen of individual 

mice sacrificed at month 4 post-transplantation were analyzed. a, Triangle plots 

showing the relative abundance of barcodes (circles) in the erythroid (E), myeloid (M), 

and B-cell (B) lineage with respect to the summed output over the three lineages (size 

of the circles) for the different experimental groups as indicated. b, Quantitative 

contribution to each lineage of the HSC classes that were classified using a 10% 

threshold. c, The fraction of donor cells among the indicated cell types in spleen. d, 

Barcode number retrieved in the indicated lineage at month 4 after transplantation in 

control (black dot), EPO 160 ng/ml (red square), and EPO 1,000 ng/ml (red triangle) 

group. e, Proportion of HSCs classified using a threshold of 10% in experimental 

groups as indicated. Shown are data pooled from several mice. (c, n=5 for control and 

n=4 for each EPO group, (a-b, d-e) n=6 for control and n=4 for each EPO group 

(collected over two experiments). For all bar graphs mean and S.D. between mice are 

depicted. 
 
 
 
 

 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted April 20, 2020. ; https://doi.org/10.1101/2020.04.20.050146doi: bioRxiv preprint 

https://doi.org/10.1101/2020.04.20.050146


 
 
Fig. 1 
  

a

+/- EPO

1.Isolate HSC 
(LSK CD150+Flt3-)

2.Transduce with 
LG2.2 barcode library

3.Incubate with EPO 
for 16h in vitro

4.Transplant into sub-
lethally irradiated mice

5.Harvest organs and 
barcoded cells in E, M, B

E M B

Erythroid Erythroid

spleen bloodb c

Spleen            Myeloid         B-cell

ns ns ns ns ns

do
no

r c
el

ls 
(%

)

do
no

r c
el

ls 
(%

)

do
no

r c
el

ls 
(%

)

d

f

e

Spleen     B-cell    Erythroid    Myeloid

ba
rc

od
e 

nu
m

be
r

No EPO EPO

M

E

MB

E

50 000
100 000

g

B-cell    Erythroid   Myeloid

No EPO

B-cell    Erythroid   MyeloidB-cell    Erythroid   Myeloid

co
nt

rib
ut

io
n 

to
 li

ne
ag

e 
(%

)

B-cell Erythroid Myeloid
0

20

40

60

80

100

120

140

%
 r

ea
ds

B

M

E

MBE

MB

ME

BE

EPO

B-cell    Erythroid   Myeloid

co
nt

rib
ut

io
n 

to
 li

ne
ag

e 
(%

)

B        M        E      MBE    MB     ME      BE

ba
rc

od
ed

 H
SC

 (%
) HSC classes 
(10% bias categories)

BE
ME
MB
MBE
E
M
B

B

Summed reads

50 000
100 000

Summed reads

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted April 20, 2020. ; https://doi.org/10.1101/2020.04.20.050146doi: bioRxiv preprint 

https://doi.org/10.1101/2020.04.20.050146


 
 

 
Fig.2 
 
  

EPO
1,000 ng/ml 

EPO
160 ng/ml 

EPO
160 ng/ml

+ EPO injection 

EPO
1,000 ng/ml

+ EPO injection 

B-cell Erythroid Myeloid
0

20

40

60

80

100

120

140

%
 r

ea
ds

B

M

E

MBE

MB

ME

BE

B-cell Erythroid Myeloid
0

20

40

60

80

100

120

140

%
 r

ea
ds

B

M

E

MBE

MB

ME

BE

B-cell Erythroid Myeloid
0

20

40

60

80

100

120

140

%
 r

ea
ds

B

M

E

MBE

MB

ME

BE

HSC classes 
(10% bias categories)

BE
ME
MB
MBE
E
M
B

E

MB

E

MB

E

MB

E

M

B-cell    Erythroid   Myeloid

co
nt

rib
ut

io
n 

to
 li

ne
ag

e 
(%

)

B-cell    Erythroid   Myeloid B-cell    Erythroid   MyeloidB-cell Erythroid Myeloid
0

20

40

60

80

100

120

140

%
 r

ea
ds

B

M

E

MBE

MB

ME

BE

B-cell    Erythroid   Myeloid

a

b

co
nt

rib
ut

io
n 

to
 li

ne
ag

e 
(%

)

co
nt

rib
ut

io
n 

to
 li

ne
ag

e 
(%

)

co
nt

rib
ut

io
n 

to
 li

ne
ag

e 
(%

)

EPO
1,000 ng/ml 

EPO
160 ng/ml 

EPO
160 ng/ml

+ EPO injection 

EPO
1,000 ng/ml

+ EPO injection 

50 000
100 000

Summed reads

50 000
100 000

Summed reads

50 000
100 000

Summed reads

50 000
100 000

Summed reads

B

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted April 20, 2020. ; https://doi.org/10.1101/2020.04.20.050146doi: bioRxiv preprint 

https://doi.org/10.1101/2020.04.20.050146


 

 
Fig. 3 
  

ME            MBE             MB

DC producing barcoded HSC

EPONo EPO

ME            MBE             MB

MkP producing barcoded HSC

a

c

b

d

DC only
BE
ME
MB
MBE
E
M
B

MkP only
BE
ME
MB
MBE
E
M
B

EPONo EPO

co
nt

rib
ut

io
n 

to
 M

kP
(%

)

ba
rc

od
ed

 H
SC

 (%
)

co
nt

rib
ut

io
n 

to
 D

C 
(%

)

ba
rc

od
ed

 H
SC

 (%
)

HSC classes 
(10% bias categories)

HSC classes 
(10% bias categories)

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted April 20, 2020. ; https://doi.org/10.1101/2020.04.20.050146doi: bioRxiv preprint 

https://doi.org/10.1101/2020.04.20.050146


 
 
Fig. 4 
  

b

a

No EPO EPO

LSK
C-Kit+

MK

L
E

M

Log2 fold change

-lo
g1

0 
p-

va
lu

e

MPP4

f

No EPO
EPO responders
EPO non-responders

d e

EPO responders
EPO non-responders

EPO response
signature

EPO response

No EPO
EPO

Aes MecomAbhd2c

Pfas

Ex
pr

es
sio

n 
le

ve
l

Ex
pr

es
sio

n 
le

ve
l

c

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted April 20, 2020. ; https://doi.org/10.1101/2020.04.20.050146doi: bioRxiv preprint 

https://doi.org/10.1101/2020.04.20.050146


 
 
Fig. 5 
  

HSC classes 
(10% bias categories)

EPO 
1,000
ng/ml

No EPO

co
nt

rib
ut

io
n 

to
 H

SC
 (%

) HSC only
BE
ME
MB
MBE
E
M
B

EPO   
160 
ng/ml  

in
 m

at
ur

e 
ce

lls
 (%

)

ba
rc

od
e 

nu
m

be
r

in
 H

SC
 (%

)

a b

Not in HSC
In HSC

EPO 1,000 ng/ml 

B-cell    Erythroid   Myeloid
EPO 160 ng/ml 

B-cell    Erythroid   Myeloid

No EPO

B-cell    Erythroid   Myeloid

No EPO
EPO 1,000 ng/ml
EPO 160 ng/ml

c

d

barcodes 
in HSC

barcodes in 
mature cells

barcodes 
in HSC

ba
rc

od
e 

in
 m

at
ur

e 
ce

lls
 (%

)

ba
rc

od
e 

in
 H

SC
s (

%
)

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted April 20, 2020. ; https://doi.org/10.1101/2020.04.20.050146doi: bioRxiv preprint 

https://doi.org/10.1101/2020.04.20.050146


 
 
Fig. 6 

EPO 1,000 ng/ml EPO 160 ng/ml 

E

MB

E

M

E

M

B-cell    Erythroid   Myeloid B-cell    Erythroid   MyeloidB-cell    Erythroid   Myeloid

No EPO

HSC classes
(10% bias categories)

BE
ME
MB
MBE
E
M
B

Spleen    B-cell      E          M B          M          E       MBE      MB       ME       BE

ba
rc

od
e 

nu
m

be
r

Spleen     Myeloid   B-cell

do
no

r c
el

ls 
(%

)
a

b

c d e
No EPO
EPO 1,000 ng/ml
EPO 160 ng/ml

co
nt

rib
ut

io
n 

to
 li

ne
ag

e 
(%

)

ba
rc

od
ed

 H
SC

 (%
)

co
nt

rib
ut

io
n 

to
 li

ne
ag

e 
(%

)

co
nt

rib
ut

io
n 

to
 li

ne
ag

e 
(%

)

BB

EPO 1,000 ng/ml EPO 160 ng/ml No EPO

50 000
100 000

Summed reads

50 000
100 000

Summed reads

50 000
100 000

Summed reads

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted April 20, 2020. ; https://doi.org/10.1101/2020.04.20.050146doi: bioRxiv preprint 

https://doi.org/10.1101/2020.04.20.050146


Tables 

 
Table 1: Fluorescently labeled antibodies 

Antibody target Clone Conjugate Manufacturer 

CD45.1 A20 PE BD Biosciences 

Ter119 TER119 PE-Cy7 BD Biosciences 

CD11c N418 APC eBioscience 

CD19 1D3 APC-Cy7 BD Biosciences 

CD11b M1/70 PerCP-

Cy5.5 

eBioscience 

CD117 (C-Kit) 2B8 APC BioLegend 

CD135 (Flt3) A2F10 PE eBioscience 

CD135 (Flt3) A2F10 PE-Cy5 Life technologies 

Sca1  D7 Pacific Blue BioLegend 

CD150  TC15-

12F12.2 

PE-Cy7 BioLegend 

Ter119 TER119 biotin BD Biosciences 

CD44 IM7 PE BD Biosciences 

CD41 MVVREG30 BV510 BD Biosciences 

Siglec-F E50-2440 PE-CF594 BD biosciences 

Ly6G 1A8 BV510 BioLegend 

CD115 AFS98 PE BioLegend 
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