Supplemental Methods

Identification of outlier ATAC-seq libraries using principal component analysis

We tested for outlying ATAC libraries using principal component analysis (PCA) of ATAC read
counts within a previously defined set of liver tissue consensus ATAC peaks (Currin et al. 2021).
We converted the coordinates of the previously published consensus peaks from GRCh37 to
GRCh38 using liftOver from UCSCTools (Hinrichs et al. 2006) with the parameter -
minMatch=0.75, counted the number of reads in each ATAC library overlapping these peaks
using featureCounts (Liao et al. 2014), and adjusted peak counts for library size and performed
variance-stabilization using DESeq2 (Love et al. 2014). We performed PCA using the prcomp
function in R (R Core Team 2015). We identified two libraries from one individual that were PC1
outliers, which we removed from further analysis.

VerifyBamID additional details

We selected a set of autosomal genotypes with MAF > 5%, genotype missingness < 5%, and
that overlapped previously defined liver tissue consensus ATAC peaks (Currin et al. 2021) using
BEDTools (Quinlan 2014) and PLINK (Purcell et al. 2007). We harmonized genotypes to the
1000 Genomes Phase 3 reference panel (The 1000 Genomes Project Consortium 2015) using
the HRC-1000G-check-bim-NoReadKey.pl script from the McCarthy Group Tools
(https://www.well.ox.ac.uk/~wrayner/tools/) with parameters -g -p ALL and added allele
frequency information to the resulting VCF file using the BCFtools fill-tags extension (Danecek
et al. 2021). We converted genotype positions from GRCh37 to GRCh38 coordinates using
Picard LiftoverVcf v2.17.8 (http://broadinstitute.github.io/picard), resulting in 35,495 genotypes
to use with verifyBamID. We ran verifyBamID separately on each high-quality ATAC library with
parameters —best —precise —maxDepth 1000 and considered the best matching ATAC library to
a set of genotypes to be a confident match if chipmix < 0.02. We corrected sample swaps and
removed ATAC libraries from further analysis if they did not confidently match to genotypes from
any of the 224 individuals.

Heterozygosity and comparing reported sex to sex predicted from genotypes

We calculated autosomal heterozygosity with the PLINK —het command and compared reported
sex to inferred sex based on X Chromosome genotypes using the PLINK —check-sex command.
For both the heterozygosity and sex check analyses, we excluded genotypes within regions of
unusually long-range LD

(https://genome.sph.umich.edu/wiki/Regions_of high_linkage_disequilibrium_(LD)) and
selected a set of variants in approximate linkage equilibrium using PLINK with the parameters --
indep-pairwise 50 5 0.2.

Comparison of consensus ATAC peaks to previously identified regulatory elements

We compared ATAC peaks from the current study to ATAC peaks from our pilot liver caQTLs
study (Currin et al. 2021) and to liver tissue ATAC peaks from ENCODE(The ENCODE Project
Consortium et al. 2020). For the pilot study, we used liftOver (Hinrichs et al. 2006) with -
minMatch=0.75 to convert peak coordinates to GRCh38. For ENCODE, we downloaded
pseudoreplicated peak files generated from ATAC-seq on eight human liver donors and
generated consensus peaks by first merging peaks across all donors using BEDTools (Quinlan
2014) and then selecting merged peaks that overlapped a peak in at least three donors. We
considered a peak from the current study to replicate a peak from one of the other two studies if
either 50% of a peak from the other study was covered by a peak in the current study or if 50%
of a peak from the current study was covered by a peak from the other study using BEDTools
(Quinlan 2014) intersect with parameters -u -f 0.5 -F 0.5 -e. We also determined the number of



peaks in the current study that did not share a single base with a peak from the other two
studies using BEDTools intersect with the -v parameter.

Genotype imputation additional details

Prior to imputation, we removed variants that were palindromic, not on autosomes, or that had
genotype missingness > 5% across the 157 individuals using PLINK (Purcell et al. 2007). Using
the TOPMed Imputation Server (Taliun et al. 2021; Das et al. 2016) quality check tool, we
identified 278,648 variants on the opposite strand of the TOPMed reference panel. Because the
TOPMed quality check tool returns GRCh38 variant coordinates and the pre-imputation variants
were in GRCh37 coordinates, we made a key linking the two coordinate systems using the
liftOver tool from UCSCTools (Hinrichs et al. 2006) with the option -bedPlus=3; four strand-
flipped variants were excluded because they failed to lift over. We used PLINK (Purcell et al.
2007) to correct strand flips. We then performed imputation on 556,767 variants that passed
pre-imputation quality control using the TOPMed Imputation Server (Taliun et al. 2021; Das et al.
2016), selecting Eagle v2.4 (Loh et al. 2016) for phasing and Minimac4 v1.0.2 (Das et al. 2016)
for imputation. We subsequently filtered the imputation results to contain only the 138
individuals that also passed ATAC quality control and 10,974,995 single nucleotide
polymorphisms (SNPs) or indels with imputation r? > 0.3 and minor allele frequency (MAF) >
0.01 (calculated in the 138 individuals) using BCFtools v1.13 (Danecek et al. 2021).

Preparation of VCF files for ancestry classifications and genotype principal components
For the 138 individuals that passed genotype and ATAC quality control, we used PLINK (Purcell
et al. 2007) and BEDTools (Quinlan 2014) to select autosomal variants with call rate >= 5% and
MAF >= 0.05, exclude genotypes within regions of unusually long-range LD
(https://genome.sph.umich.edu/wiki/Regions_of high_linkage_disequilibrium_(LD)), and
perform LD pruning (PLINK --indep-pairwise 50 5 0.2). We harmonized genotypes to the 1000
Genomes Phase 3 reference panel (The 1000 Genomes Project Consortium 2015) using the
HRC-1000G-check-bim-NoReadKey.pl script from the McCarthy Group Tools
(https://www.well.ox.ac.uk/~wrayner/tools/) with parameters -g -p ALL —noexclude. We used a
combination of PLINK (Purcell et al. 2007), BEDTools (Quinlan 2014), and tabix (Danecek et al.
2021) to make a VCF file containing the 138 liver donors and the 1000G individuals, which
contained 99,206 variants shared between the two studies.

Calculation of ATAC principal components for caQTL covariates

To prepare ATAC peak counts for caQTL mapping, we removed ATAC mapping bias using the
WASP mapping pipeline (Geijn et al. 2015) and made a sample-by-consensus ATAC peak count
matrix using featureCounts (Liao et al. 2014). We calculated the GC content of consensus
peaks using BEDTools nuc (Quinlan 2014), calculated peak count offsets to adjust for the
effects of GC bias using full quantile normalization implemented in EDASeq (Risso et al. 2011),
integrated EDASeq GC bias offsets and DESeq2 (Love et al. 2014) size factors to adjust for GC
bias and library size, and performed variance stabilization using DESeq2 (Love et al. 2014). To
generate ATAC PCs to control for unknown sources of variation, we used the prcomp function in
R (R Core Team 2015) to perform PCA on variance-stabilized peak counts adjusted for sex and
the first two genotype PCs using limma (Ritchie et al. 2015).

Replication of liver caQTL

To determine how many of the 3,123 caQTLs from our previous 20-donor study (Currin et al.
2021) were replicated, we used liftOver (Hinrichs et al. 2006) with -minMatch=0.75 to convert
the previous caPeak coordinates to GRCh38 and considered a caPeak replicated if a caPeak
from the current study overlapped by at least 50% of bases (BEDTools (Quinlan 2014) intersect



parameters -u -f 0.5 -F 0.5 -e) and if the lead variants from each study were in high LD (r*>=0.8,
TOPMed Europeans (Taliun et al. 2021; Huang et al. 2022)

Incorporating GENCODE v41 gene models into plotgardener

We used the following steps to incorporate GENCODE v41 (Frankish et al. 2019) protein coding
and IncRNA genes into Plotgardener. First, we imported the GENCODE GTF file into R as a
Granges object using rtracklayer (Lawrence et al. 2009) and made a TxDb object using the
GenomicFeatures (Lawrence et al. 2013) makeTxDbFromGRanges function. Second, we made
an OrgDb object from GENCODE genes using the AnnotationForge
(https://bioconductor.org/packages/AnnotationForge) makeOrgPackage function. Finally, we
generated a Plotgardener assembly object using these customized TxDb and OrgDb objects
along with the BSgenome.Hsapiens.NCBI.GRCh38 genome object
(https://bioconductor.org/packages/BSgenome).

Defining GWAS loci using distance-based clumping

For the two studies that did not report conditionally distinct signals (Graham et al. 2021; Said et
al. 2022), we defined loci from the GWAS marginal summary statistics using distance-based
clumping by selecting the most significant variant with p<5x107 in a region and removed all
other variants within 500 kb. For the CRP data (Said et al. 2022), we performed distance-based
clumping with Swiss v1.1.1. For the lipids datasets (Graham et al. 2021), the p-values for many
variants were smaller than the numerical precision that Swiss could recognize, so we performed
clumping using the following approach. We converted variant p-values to negative log1o scale
using the formula -log(mantissa)/log(10) - exponent and then performed distance-based
clumping in R (R Core Team 2015). Following clumping, we merged regions if lead variants
were within 1 Mb of each other into a single locus.
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