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Extended Data Fig. 7| Extended performance evaluation of
DeepDETAILS under out-of-distribution conditions. aand b, Examples of
DeepDETAILS-deconvolved tracks from a simulated bulk sample containing
HCT116 cells in different cellular states: control and auxin-induced CTCF
degradation. ¢, Evaluation of DeepDETAILS’ performances in out-of-distribution
scenarios (Supplementary Notes). The left y-axis shows within-cell-type
CCCand the right y-axis shows across-cell-type CCC.d and e, DeepDETAILS

preserves condition-specific information in an out-of-distribution setting. A
normal-condition reference (MCF 10A) was used to deconvolve simulated bulk
samples containing either normal (MCF 10A, d) or cancer (MCF-7, e) epithelial
cells together with four additional cell types. f, Performance of the preflight
check step across different cutoffs. Solid lines represent median values, with
shaded areas indicating the 95% confidence interval.
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Extended Data Fig. 8| Expanded characterization of DeepDETAILS
compendium. a, Dataset composition of DeepDETAILS compendium. b, Variants
associated with the trait complement factor B levels are enriched in genomic loci
thatare specifically active in liver hepatocytes. ¢, Variants associated with the
trait COVID-19 severity are enriched in genomic loci that are specifically active
inlung T cells. Two-sided Fisher’s exact test was used to derive the p-values for

bothband c.d, Enrichment of signals at marker-gene promoters across 26 cell
types. Bars denote cell types, and overlaid points show the corresponding raw
values fromindividual deconvolution experiments; the y-axis indicates the
fraction of curated marker-gene promoters with enriched signal relative to other
deconvolved cell types from the same bulk sample (n = 560). Values and error
barsrepresent mean and 95% confidence intervals of mean.
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Extended Data Fig. 9| Extended analysis for DeepDETAILS bringing new
insightinto disease etiology. a, Evaluation of the robustness of the inferred
macrophage-specific enhancer activity to DeepDETAILS hyperparameter
settings and the quality of the reference snATAC-seq input, related to Fig. 6b.
b, Gene expression values of PDGFBin different cell types measured by
scRNA-seq, with sample sizes of n=11for macrophages, n=11for endothelial
cells, n=11for fibroblasts, and n=1for hepatocytes. Values and error bars

represent mean and 95% confidence intervals of mean. ¢, Deconvolved promoter
signal for PDGFB by different tools. d, Impact of the rs5757584 genetic variant

on PDGFBexpression inlymphocytes, stratified by genotype (n=237,76,and 13
for genotypes CC, CT, and TT, respectively). In the box plot, the center lines, box
limits and whiskers denote the median, upper and lower quartiles and 1.5x IQR,
respectively.
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Extended DataFig. 10 | Extended analysis of DeepDETAILS performance

and design principles. a, Cell composition of ahuman liver sample from
snATAC-seq (5012 annotated cells). Cholangiocyte tracks were excluded from
Fig. 6 for consistency because preflight checks indicated their absence in some
bulk libraries; tracks from libraries containing cholangiocytes are available on
the portal. b, Genome browser view of bulk sequencing signals at the PDGFB
locusinthe right lobe of human liver. ¢ and d, Evaluation of DeepDETAILS’
performance using different hyperparameter values: panel c for a and panel d for
batchssize. Solid lines represent median values, with shaded areas indicating the
95% confidence interval. e and f, Insilico feature-ablation analysis. ‘+ indicates
available features, ‘=’ unavailable features, and ‘~’ shuffled features. n = 4 for
each condition. Values and error bars represent median and 95% confidence

intervals of median. Panel e for Pearson’s r and panel f for across-cell-type CCC.
gand h, Evaluation of DeepDETAILS’ performance when amodel is pretrained
ononesample and applied to other samples with the same set of cell types but
indifferent proportions. For each assay, we generated four pairs of datasets and
conducted the deconvolution process twice for each pair. i andj, Evaluation of
DeepDETAILS’ performance in scenarios where rare cell types (ranging from
2.5%t010%) are present in the bulk sample but absent in the reference (n = 6 for
each condition). Panels g and i show the within-cell-type CCC, and panels
handjdisplay the across-cell-type CCC. In the box plots, the center lines,

box limits and whiskers denote the median, upper and lower quartiles and
1.5xIQR, respectively.
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
Confirmed

IZ The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

< The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

|X’ A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
N Gjve P values as exact values whenever suitable.

|:| For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

|:| For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

OXX O OO0 000F%

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  curl (7.81.0), wget (1.21.2), fasterg-dump (3.0.6)

Data analysis Data was analyzed using following software tools: BioQueue (2.0.0), fastp (0.20.0), STAR (2.7.1a), samtools (1.11), Python (3.12.8), bedtools
(2.31.1), deeptools (3.3.2), numpy (1.26.4), pandas (2.2.3), scipy (1.14.1), matplotlib (3.10.0), seaborn (0.13.2), GenomeViewer (0.1.9),
statsmodels (0.14.4), pyfaidx (0.7.0), pybedtools (0.10.0), pyBigWig (0.3.22), biopython (1.84), PINTS (1.1.15), MACS2 (2.2.4), dREG (1.4.0),
Django (5.1), bigWigToBedGraph (399), bedGraphToBigWig (399), wiggletools (1.2.10), Puffin-D (34a7278), BayesPrism (2.0), BLADE
(56acec?), DSA (1.0), Activity-By-Contact model (cO8adc3), R (4.1.2).
The source code of DeepDETAILS is available at https://github.com/haiyuan-yu-lab/DeepDETAILS. Analytic pipelines and scripts used to
generate results that are reported in this study can be retrieved from https://github.com/haiyuan-yu-lab/DeepDETAILS-analysis.

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 Portfolio guidelines for submitting code & software for further information.
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Data

Policy information about availability of data
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
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

All deconvolved tracks are freely available on our portal. Human tissue PRO-cap libraries have been deposited in NCBI GEO, and their accession numbers, together
with those of other sequencing datasets retrieved from public databases (NCBI GEO and the ENCODE Portal), are listed in Supplementary Table 1. Cell type
annotations for sc/snATAC-seq experiments were obtained from the ENCODE portal and the corresponding accession for each deconvolution run is available on our
online portal. The data used for the eQTL analysis described in this manuscript were obtained from the GTEx Portal on 12/13/2024.

Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender In this opportunistic data collection, participants were not selected based on age or sex. Information regarding age and sex is
available on the ENCODE portal and our DeepDETAILS portal.

Reporting on race, ethnicity, or | In this opportunistic data collection, participants were not selected based on race, ethnicity, or other socially relevant

other socially relevant categories. Information on race, ethnicity, and other socially relevant groupings is available on the ENCODE portal and our
groupings DeepDETAILS portal.

Population characteristics As an opportunistic collection of data, the participants in this study were not selected based on population characteristics.
Recruitment The ENCODE Data Coordination Center organized the donor recruitment. As this was an opportunistic secondary use study,

we did not recruit any participants.

Ethics oversight Our study utilized data and materials provided by the ENCODE Data Coordination Center. As such, we did not directly recruit
or interact with human participants. The ENCODE DCC was responsible for obtaining all necessary ethical approvals and
consent from the donors, ensuring compliance with relevant ethical and regulatory standards. Our use of this data adhered
to the terms and conditions specified by the ENCODE DCC, and we ensured that all data handling was conducted in line with
applicable ethical guidelines.

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

|X| Life sciences |:| Behavioural & social sciences |:| Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size No sample sizes calculations were performed -- all data was used where applicable
Data exclusions  No data was excluded from analysis

Replication All deconvolution-based experiments in the manuscript were performed in duplicate, including all deconvolution experiments displayed on
the DeepDETAILS portal. Specifically, for each portal dataset, we ran DeepDETAILS twice, confirmed that both runs converged, and reported
the average of the two deconvolved signal tracks. We also assessed the reproducibility of the input sequencing libraries using Pearson’s
correlation coefficient, with results provided in Supplementary Table 1.

Randomization  Not applicable -- no group-wise experimental testing was performed

Blinding Not applicable -- no group-wise experimental testing was performed
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We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods

Involved in the study n/a | Involved in the study

Antibodies |Z |:| ChlIP-seq
Eukaryotic cell lines |Z |:| Flow cytometry

Palaeontology and archaeology |Z |:| MRI-based neuroimaging
Animals and other organisms

Clinical data

Dual use research of concern
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Plants

Seed stocks Report on the source of all seed stocks or other plant material used. If applicable, state the seed stock centre and catalogue number. If
plant specimens were collected from the field, describe the collection location, date and sampling procedures.

Novel plant genotypes Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches,
gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the
number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe
the editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor

was applied-
Authentication Describe-any-atthentication-procedures foreach seed stock- tised-or-novel-genotype-generated—Describe-any-experiments-used-to

assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism,
off-target gene editing) were examined.
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