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Extended Data Fig. 7 | Extended performance evaluation of 
DeepDETAILS under out-of-distribution conditions. a and b, Examples of 
DeepDETAILS-deconvolved tracks from a simulated bulk sample containing 
HCT116 cells in different cellular states: control and auxin-induced CTCF 
degradation. c, Evaluation of DeepDETAILS’ performances in out-of-distribution 
scenarios (Supplementary Notes). The left y-axis shows within-cell-type 
CCC and 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 
that are specifically active in liver hepatocytes. c, Variants associated with the 
trait COVID-19 severity are enriched in genomic loci that are specifically active 
in lung T cells. Two-sided Fisher’s exact test was used to derive the p-values for 

both b and 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 from individual 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 
bars represent mean and 95% confidence intervals of mean.
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Extended Data Fig. 9 | Extended analysis for DeepDETAILS bringing new 
insight into 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 PDGFB in different cell types measured by 
scRNA-seq, with sample sizes of n = 11 for macrophages, n = 11 for endothelial 
cells, n = 11 for fibroblasts, and n = 1 for hepatocytes. Values and error bars 

represent mean and 95% confidence intervals of mean. c, Deconvolved promoter 
signal for PDGFB by different tools. d, Impact of the rs5757584 genetic variant 
on PDGFB expression in lymphocytes, 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 1.5× IQR, 
respectively.
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Extended Data Fig. 10 | Extended analysis of DeepDETAILS performance 
and design principles. a, Cell composition of a human 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 
locus in the right lobe of human liver. c and d, Evaluation of DeepDETAILS’ 
performance using different hyperparameter values: panel c for ɑ and panel d for 
batch size. Solid lines represent median values, with shaded areas indicating the 
95% confidence interval. e and f, In silico 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. 
g and h, Evaluation of DeepDETAILS’ performance when a model is pretrained 
on one sample and applied to other samples with the same set of cell types but 
in different proportions. For each assay, we generated four pairs of datasets and 
conducted the deconvolution process twice for each pair. i and j, Evaluation of 
DeepDETAILS’ performance in scenarios where rare cell types (ranging from  
2.5% to 10%) 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  
h and j display the across-cell-type CCC. In the box plots, the center lines,  
box limits and whiskers denote the median, upper and lower quartiles and  
1.5× IQR, respectively.
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