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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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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 list of figures that have associated raw data
- A description of any restrictions on data availability

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.

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

Data exclusions

Replication

Randomization

Softwares and packages used for this study:

SuSiE v0.8.1.0521 (https://github.com/stephenslab/susie-paper)

FINEMAP v1.3.1 (http://www.christianbenner.com)

ggseqlogo (https://cran.r-project.org/web/packages/ggseqlogo/index.html)

basenji v0.0.1 (https://github.com/calico/basenji)

brokenaxis v0.3.1 (https://pypi.org/project/brokenaxes/)

joblib v0.11 (https://joblib.readthedocs.io)

hail v0.2.26 (https://hail.is)

matplotlib v3.2.0 (https://matplotlib.org)

numpy v1.18.1 (https://numpy.org)

pandas v1.0.1 (https://pandas.pydata.org)

scikit-learn v0.21.3 and v0.23.2 (https://scikit-learn.github.io/stable)

scipy v1.2.1 (http://scikit-learn.github.io/stable)

seaborn v0.9.0 (https://seaborn.pydata.org)

Code availability

Code used in this study is available at https://github.com/FinucaneLab/Expression_ Modifier_Score/

Data availability

EMS for 49 tissues are available at https://www.finucanelab.org/data.

CADD v1.4 and GERP scores were annotated using the hail annotation database (https://hail.is).

ncER scores were downloaded from https://github.com/TelentiLab/ncER_datasets.

DeepSEA v1.0 scores were downloaded from https://humanbase.readthedocs.io/en/latest/deepsea.html

Fathmm v2.3 non-coding scores were downloaded from http://fathmm.bio compute.org.uk

Saturation mutagenesis data was downloaded from the MPRA data access portal (http://mpra.gs.washington.edu).

The raQTL data was downloaded from https://osf.io/w5bzq/wiki/home/.

Human transcription factor (TF) data was downloaded from http://humantfs.ccbr.utoronto.ca/download.php .

The UKBB fine-mapping results are deposited at https://www.finucanelab.org/data .

We utilized publicly available GWAS/eQTL study results and thus did not pre-determine the human sample sizes.

For the enrichment analysis, negative samples (=the number of variant-gene pairs) were randomly downsampled to achieve a total number of
variants to be exactly 100,000, to reduce the computational burden while keeping enough number of variants to observe statistical
significance. For all the other analysis, we did not pre-determine the sample size (i.e. the sample sizes were defined by the nature of the
available data).

Nothing excluded.

The subset of the main results where the EMS showed highest enrichment of putative causal eQTLs was replicated in a different cohorts
(Biobank Japan and Geuvadis), as noted in supplementary method.

Not applicable; we are not performing clinical trial or any related tests.




