


Signal tracks were denoised using AtacWorks (https://github.com/clara-genomics/AtacWorks).

Denoised signal tracks were normalized by total coverage using a custom python script (available at https://github.com/zchiang/
atacworks_analysis).

bigWigs were generated using the bedGraphToBigWig utility (https://genome.ucsc.edu/goldenpath/help/bigWig.html)

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Research guidelines for submitting code & software for further information.
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All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:
- Accession codes, unique identifiers, or web links for publicly available datasets
- Alist of figures that have associated raw data
- A description of any restrictions on data availability

All of the data, trained models, and output signal tracks described in this paper are available for download at https://atacworks-paper.s3.us-east-2.amazonaws.com.

Bulk ATAC-seq datasets of various blood cell types are available from GEO under accession number GSE74912. From these datasets, B cells, NK cells, CD4+ and CD8+
T cells were used for model training, while erythroblasts and monocytes were used for testing. For the transcription factor footprinting model, NK cells, CD8+ T cells,

and multipotent progenitor (MPP) cells were used for training, while HSCs were used for testing. The bulk ATAC-seq dataset for Peyer’s Patch is available from
ENCODE under experiment ENCSRO17RQC.

The dscATAC-seq dataset of hematopoietic stem cells generated for this study is available from GEO under accession number GSE147113 (reviewer access code:
efqdgsooldgtpmb).

Other dscATAC-seq and dsciATAC-seq datasets are available from GEO under accession number GSE123581. From these datasets, CD4+ T cells, CD8+ T cells, and
pre-B cells were used for model training, while monocytes were used for testing. Bead-isolated CD34+ cells were used for the combined UMAP projection. The
sciATAC-seq datasets of B cells, monocytes, and macrophages from primary lung tumor are available from GEO under accession number GSE145194. B cells and
monocytes were used for model training, while macrophages were used for testing. The scATAC-seq dataset of FACS-isolated peripheral blood mononuclear cells
(PBMCs) is available from GEO under accession number GSE96772. These cells were used to infer cell type labels for CD34+ cells in the combined UMAP projection.

CTCF ChlIP-seq tracks are available from ENCODE under experiments ENCSROOODLK (HSCs), ENCSROOOATN (B cells) and ENCSROOOAUV (monocytes). H3K27ac ChIP-
seq tracks are available from ENCODE under experiments ENCSROOOAUP (B cells) and ENCSROO0ASJ (monocytes).
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Life sciences study design
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Sample size The sample size of dscATAC-seq data generated for this study was chosen based on the frequency of hematopoietic stem cells within
populations of human bone marrow mononuclear cells, the efficiency of FACS, and sequencing cost.

Data exclusions dscATAC-seq profiles were excluded from downstream analysis if they had less than 1000 unique nuclear fragments, or if less than 50% of
fragments did not fall within hematopoiesis regulatory peaks.

Replication We performed dscATAC-seq on two biological replicates of hematopoietic stem cells and confirmed that replication was successful using
standard ATAC-seq QC metrics.

Randomization No randomization was necessary in our study.

Blinding No blinding was necessary in our study.
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D Tick this box to confirm that a figure exemplifying the gating strategy is provided in the Supplementary Information.




