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scRNA seq data processing for 7-day expanded HSPCs (S01-S03)
The 10X Genomics CellRanger analysis pipeline set (v7.0.0) was used with default parameters. Briefly, BCL files were demultiplexed into FASTQ files by cellranger mkfastq using the respective sample sheet with utilized 10X barcodes. The cellranger count pipeline was used to align read data to the reference genome provided by 10X Genomics (Human reference dataset refdata-gex-GRCh38-2020-A), counting aligned reads per gene, and calculating clustering and summary statistics. Subsequently, outputs from cellranger count of all samples were aggregated, normalized to the same sequencing depth, and the feature-barcode matrices were recomputed by cellranger aggr. Simultaneously, feature barcoding data was processed during the cellranger count step with a feature reference build according to the specification of TotalSeq™-B antibodies. The output from cellranger count was demultiplexed to retrieve values for each previously pooled sample. Demultiplexing with hashtag oligos was performed using a Seurat (v.4.0.0) based workflow developed in a collaboration of Dresden-concept Genome Center (TU Dresden) and Research Core Unit Genomics (Hannover Medical School) (https://github.com/ktrns/scrnaseq). Briefly, the workflow (conducted via R version 4.0.2) log-normalized and clustered the HTO counts, classified cells based on normalized HTO data, removed HTO doublet or negative cells, and generated demultiplexed data. Demultiplexed unique molecular identifier (UMI) count matrices were imported to RStudio (v2022.07.1 Build 554; R v4.2.1). The count matrices were fed into the scRNA seq workflow (https://github.com/ktrns/scrnaseq), a Seurat-based workflow, constructed by the Dresden-concept Genome Center (DcGC, https://genomecenter.tu-dresden.de). Gene annotations were retrieved from Ensembl hsapiens_gene_ensembl data set (v98) (https://www.ensembl.org). The created Seurat objects were quality controlled and filtered for cells with 800–10,000 genes/cell and <15% mitochondrial reads/cell, and genes expressed in more than 5 cells. All samples were down-sampled in order to reach an equal number of 5293 cells/sample, merged, and normalized using running standard log normalization. The normalized gene counts were then centered and scaled, including counts and the percentage of mitochondrial genes as additional covariates to regress out. 3,000 variable genes were selected to determine the structure of the dataset with principal component analysis. Subsequently, Seurat (v4.2.0) functions and the Leiden algorithm (v0.4.3) were applied to construct a K-nearest neighbor graph based on Euclidean distance in principal component space, to refine edge weights based on Jaccard similarity, and to partition the graph. Data were visualized using uniform manifold approximation and projection (UMAP). Specific cell clusters were identified using 13 principal components and the resolution value 0.5. Marker genes that are differentially expressed in one cluster compared to all other clusters were identified based on raw RNA data and the method 'MAST'. We require marker genes to be expressed in at least 25% of cells in the respective cluster, with a minimum log2 fold change of 1 and an adjusted p-value of at most 0.05. The S4 class object was converted to a SingleCellExperiment class object for cell type annotation utilizing the SingleR [1] package (v1.10.0) and the reference "BlueprintEncodeData" datasets obtained from the celldex package (v 1.6.0) for SingleR. In brief, twelve principal components (PCs) were chosen for the dimensionality reduction. Further, 13 clusters were annotated with the R package “Clustifyr” with the reference “Developing Human Immune System – All” [2] from the USCS Cell Browser (http://cells.ucsc.edu/). We verified the enrichment of marker genes in cell types with the Azimuth database[3] and pathways described by the “GO_Biological_Process_2023” using the “enrichR” R package. 
The pseudo time analysis was performed on the UMAP reduction with the R package "slingshot". The HSC_MPP_1 cluster was selected as the starting cluster. Every detected lineage was rendered separately on a UMAP by "ggplot2" (v3.3.6). We determined the effects of cell cycle heterogeneity by calculating a score for each cell based on its expression of G2M and S phase markers. Scoring is based on the strategy described in Tirosh and colleagues [4], and human gene symbols are translated to gene symbols of the species of interest using "BiomaRt". Raw data have been deposited in Gene Expression Omnibus (GEO; accession number: GSE318863).
[bookmark: _Hlk217040714]scRNAseq run for the 14-day expanded HSPCs (N3917-N3918)
A cell hashing-based experimental approach via oligo-tagged antibodies was used for sample multiplexing. Accordingly, cells originating from independent expansion conditions (SFT3+A_14d, SFT3+P_14d, SFT3+U_14d, SFT3+AP_14d, SFT3+AU_14d, SFT3+PU_14d, SFT3+APU_14d, SFT3_14d) and the uncultivated CD34+CD38-CD45RA- cells were labeled with differently tagged TotalSeq™-A Hashtag Derived Oligo (HTO) antibodies from Biolegend (TotalSeq™-A0251 anti-human Hashtag 1 Antibody Catalog #394601 [barcode: GTCAACTCTTTAGCG], TotalSeq™-A0252 anti-human Hashtag 2 Antibody Catalog #394603 [barcode: TGATGGCCTATTGGG], TotalSeq™-A0253 anti-human Hashtag 3 Antibody Catalog #394605 [barcode: TTCCGCCTCTCTTTG], TotalSeq™-A0254 anti-human Hashtag 4 Antibody Catalog #394607 [barcode: AGTAAGTTCAGCGTA], TotalSeq™-A0254 anti-human Hashtag 5 Antibody Catalog #394609 [barcode: AAGTATCGTTTCGCA]) with a concentration of 0.1 µg/1x106 cells prior to sample pooling. Antibody-labeled cells were sorted for DAPI-negative living cells with FACSAria Fusion cell sorter (Becton-Dickinson), combined in two separate pools and loaded on two 10x Genomics lanes. Library preparation for single cell mRNA-Seq analysis was performed according to the Chromium NextGEM Single Cell 3ʹ Reagent Kits v3.1 CellSurfaceProtein User Guide (Manual Part Number CG000206 Rev D; 10x Genomics). Fragment length distribution of generated libraries was monitored using the Bioanalyzer High Sensitivity DNA Assay (Catalog #5067-4626, Agilent Technologies, Santa Clara, CA, USA). Quantification of libraries was performed by use of the Qubit® dsDNA HS Assay Kit (Catalog #Q32854, ThermoFisher Scientific). Equal molar proportions of generated mRNA expression libraries were pooled and sequenced by Novogene on an Illumina NovaSeq6000 sequencer using one S4 (300 cycle) flowcell. Sequencing was performed according to the following settings: 150 bp as sequence read 1 and 2; 8 bp as index read 1; no index read 2. Raw data have been deposited in Gene Expression Omnibus (GEO; accession number: GSE318863).
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The 10x Genomics CellRanger analysis pipeline set (v7.0.0) was used with default parameters. Briefly, BCL files were demultiplexed into FASTQ files by cellranger mkfastq using the respective sample sheet with utilized 10x barcodes. The cellranger count pipeline was used to align read data to the reference genome provided by 10x Genomics (Human reference dataset refdata-gex-GRCh38-2020-A), counting aligned reads per gene, and calculating clustering and summary statistics. Subsequently, outputs from cellranger count of all samples were aggregated, normalized to the same sequencing depth, and the feature-barcode matrices was recomputed by cellranger aggr. Simultaneously, feature barcoding data was processed during the cellranger count step with a feature reference build according to the specification of TotalSeq™-A antibodies. The output from cellranger count was demultiplexed to retrieve values for each previously pooled sample. Demultiplexing with hashtag oligos was performed using a Seurat (v.4.0.0) based workflow developed in a collaboration of Dresden-concept Genome Center (TU Dresden) and Research Core Unit Genomics (Hannover Medical School) (https://github.com/ktrns/scrnaseq). Briefly, the workflow (conducted via R version 4.0.2) log-normalized and clustered the HTO counts, classified cells based on normalized HTO data, removed HTO doublet or negative cells, and generated demultiplexed data. 
[bookmark: _GoBack]Demultiplexed unique molecular identifier (UMI) count matrix were imported to RStudio (v2022.07.1 Build 554; R v4.2.1). The count matrices were fed into the scrnaseq workflow (https://github.com/ktrns/scrnaseq), a Seurat-based workflow, constructed by the Dresden-concept Genome Center (DcGC, https://genomecenter.tu-dresden.de). Gene annotations were retrieved from Ensembl hsapiens_gene_ensembl data set (v98) (https://www.ensembl.org). The created Seurat objects were quality controlled and filtered for cell with 800–10,000 genes/cell and <15% mitochondrial reads/cell, and genes expressed in more than 5 cells. All samples were down sampled in order to reach an equal number of 2820 cells/sample, merged, normalized running standard log normalization, and the normalized gene counts then centered and scaled including counts and the percentage of mitochondrial gene as additional covariates to regress out. 3,000 variable genes were selected to determine the structure of the dataset with principal component analysis. Subsequently, Seurat (v4.2.0) functions and Leiden algorithm (v0.4.3) were applied to construct a K-nearest neighbor graph based on Euclidean distance in principal component space, to refine edge weights based on Jaccard similarity, and to partition the graph. Data were visualized using uniform manifold approximation and projection (UMAP). Initially, specific cell clusters were identified using 13 principal components and the resolution value 0.7 (data not shown, only the integrated UMAP with the S01-S03 dataset). Marker genes that are differentially expressed in one cluster compared to all other clusters were identified based on raw RNA data and the method 'MAST'. We require marker genes to be expressed in at least 25% of cells in the respective cluster, with a minimum log2 fold change of 1 and adjusted p-value of at most 0.05. The S4 class object was converted to a SingleCellExperiment class object for cell type annotation utilizing the SingleR [1] package (v1.10.0) and the reference 'BlueprintEncodeData' datasets obtained from the celldex package (v 1.6.0) for SingleR. S01-S03 was also integrated with a dataset harboring 14-day expanded HSPCs and uncultivated HSPCs (N3917-N3918), which were analyzed using the same workflow as described above. 
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