Code Manifest and Reproducibility Record
1. Reproduction entry points
conda env create -f workflow/environment.yml
conda activate hfpef-ptm
F:/snakemake-env/Scripts/snakemake.exe --snakefile workflow/Snakefile --configfile config/config.yaml --cores 1
The default workflow rebuilds audited reporting products from checked-in public-result tables. The full donor-level analysis requires authorized inputs under data/processed/ and the corresponding donor metadata.
F:/snakemake-env/Scripts/snakemake.exe --snakefile workflow/Snakefile --configfile config/config.yaml --cores 4 --use-conda full_analysis
2. Workflow and configuration
	Component
	Path
	Role

	Snakemake workflow
	workflow/Snakefile
	Defines audit, immune-validation, manifest, sensitivity and full-analysis targets

	Environment
	workflow/environment.yml
	Conda environment specification

	Main configuration
	config/config.yaml
	Input/output locations and script parameters

	Frozen modules
	config/ptm_gene_modules.tsv
	Predeclared TLI, PCI and MSI gene definitions

	Metadata schema
	metadata/sample_metadata_template.csv
	Required sample/donor metadata fields

	Prespecified plan
	docs/preregistered_analysis_plan.md
	Analysis gates and exclusion rules


3. Python scripts
	Script
	Function

	scripts/python/create_run_manifest.py
	Builds resource provenance manifest and inventory checksum

	scripts/python/validate_metadata.py
	Validates required metadata fields

	scripts/python/extract_scp3342_h5ad.py
	Extracts and audits cardiomyocyte subset from complete H5AD

	scripts/python/run_scp3342_matrix_analysis.py
	Executes complete H5AD donor-level matrix analysis

	scripts/python/run_scp3342_h5ad_gene_audit.py
	Produces frozen-gene donor-level audit

	scripts/python/run_scp3342_immune_validation.py
	Extracts donor immune composition and inflammatory inputs

	scripts/python/model_immune_composition.py
	Models donor-level immune-labeled composition

	scripts/python/extract_scp3342_inflammatory_counts.py
	Extracts inflammatory-gene counts

	scripts/python/audit_mgi_mouse_human_mapping.py
	Audits mouse-human gene mapping

	scripts/python/audit_mouse_ortholog_coverage.py
	Audits ortholog coverage

	scripts/python/score_targets.py
	Applies candidate-evidence audit logic


4. R scripts
	Script
	Function

	scripts/r/pseudobulk_edger.R
	Donor-level edgeR pseudobulk differential analysis

	scripts/r/calculate_ptmcf.R
	Calculates TLI, PCI, MSI and PTM-CF scores

	scripts/r/run_scp3342_h5ad_gene_audit.R
	Frozen 39-gene donor-level model

	scripts/r/analyze_scp3342_public_api.R
	Public API sensitivity/audit analysis

	scripts/r/analyze_ptmcf_sensitivity.R
	PTM-CF sensitivity analyses

	scripts/r/analyze_scp3342_gene_concordance.R
	RNA–protein gene-level concordance

	scripts/r/audit_pxd045677.R
	Human myocardial proteomics audit

	scripts/r/analyze_pxd033501.R
	Mouse proteomics/phosphoproteomics analysis

	scripts/r/analyze_pxd033501_limma.R
	Mouse limma cyclic-loess sensitivity reconstruction

	scripts/r/model_scp3342_immune_composition.R
	Immune-composition models

	scripts/r/model_scp3342_immune_composition_binomial.R
	Binomial immune-composition sensitivity models

	scripts/r/score_scp3342_inflammatory_module.R
	Cardiomyocyte inflammatory-module scoring

	scripts/r/build_candidate_evidence_audit.R
	Candidate evidence matrix

	scripts/r/build_analysis_gate_summary.R
	Analysis gate summary

	scripts/r/build_publication_figures.R
	Figure and figure-readiness outputs


5. Audited data inputs
[bookmark: _GoBack]SCP3342: complete signed-in H5AD; 48,866 nuclei × 36,601 genes; cardiac muscle subset 14,644 nuclei from 43 donors; 19 HFpEF and 24 NonFailing donors. Local H5AD SHA-256: 53dee7a232151ef1b296ce67a7098c8b63b44a78611311067ff74d52cad55d12.
PXD045677: public human myocardial processed proteomics table; used as tissue-level orthogonal evidence.
PXD033501: public mouse SAUNA-HFpEF proteome/phosphoproteome processed tables; used for sensitivity/generalization only.
HERMES 2024: genetic prioritization anchor; full colocalization/TWAS/MR not run because complete summary statistics and matched LD were not locked.
Human Heart Cell Atlas: healthy annotation/reference context only.
6. Primary outputs
results/SCP3342_h5ad_raw/gene_disease_models.csv
results/SCP3342_h5ad_raw/module_scores.csv
results/SCP3342_h5ad_raw/matrix_model_summary.csv
results/PXD045677_audit/
results/PXD033501_audit/
results/SCP3342_immune_validation/
results/candidate_evidence_audit.csv
results/figure_readiness_audit.csv
results/run_manifest.md
results/execution_report.md
7. Execution and validation status
Complete H5AD extraction and donor-level analysis: PASS
Frozen 39-gene audit: PASS
Human myocardial proteomics audit: PASS
Mouse proteomics/phosphoproteomics audit: PASS as sensitivity/generalization
Immune validation layer: PASS as exploratory donor-level analysis
Candidate evidence audit: PASS; all candidates remain NOT_RANKED
Compatible HFpEF-specificity comparator: BLOCKED
Independent human cardiomyocyte validation: BLOCKED
Complete clinical covariate model: BLOCKED
Genetic colocalization/TWAS/MR: NOT_RUN
CMap/LINCS repurposing: NOT_RUN
8. Integrity hashes for core code/configuration
The following SHA-256 hashes were generated on 22 September 2026 from the current working tree. They provide an integrity checkpoint; re-running after any code edit will produce different hashes.
workflow/Snakefile fbcec5462dfbf0cf35dea0f62ce894b0f10d00667b882f80d6faae9dfcdbb05f
config/config.yaml 2b91dccf0c30dbec19a25b3717cf9682b2be5a45e055a0797f3041bb6ce3e5e0
config/ptm_gene_modules.tsv 540301bdcf51f34f9056bd8ef9de9f875afd3db84c4f6785b7a3947a62723670
workflow/environment.yml 7275fcf0317292e83469a0e7306eba3c1825682071fe43565112932cc0094e93
scripts/python/create_run_manifest.py cb7b829daad4dc47f3e5641abbc0c4f4ec9dc9f67c5cb3fb4f039703c3be647c
scripts/python/run_scp3342_matrix_analysis.py 8ab2217465cdfcf5f593b63ef7ed86c7d3cafca59f57c33e0c7deb121c6a30f9
scripts/python/run_scp3342_immune_validation.py 94ba86fb8e75c938ca19437d24641274c0c9ad9237bb62f83b60a328b88d5686
scripts/r/pseudobulk_edger.R 066317329aec6148999985cd2313912023bd7c4762e1fb26d3e7e583f0858448
scripts/r/calculate_ptmcf.R a36e3f10a9c5b13c06182d1d88abbe1659806228c8d5a8170333188c79ed14eb
scripts/r/build_publication_figures.R 0b4557760917daf1826e3ba563fd78a6d3d0328b708f550471de76ba2699a3de
9. Reproducibility boundaries
The manuscript reports associations and an auditable discovery framework. It does not claim HFpEF specificity, causality, therapeutic efficacy or target validation. Results derived from tissue-level proteomics are not treated as cardiomyocyte-resolved evidence. Public API outputs and mouse data are explicitly labeled as sensitivity/generalization products.

