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publicly available due to research participant privacy concerns; however, requests from accredited researchers for access to individual-level data relevant to this
study can be made by contacting the corresponding author. Up-to-date summary data for genetic variants cpatured using WES in the PMBB can be accessed via the
PMBB Genome Browser (https://pmbb.med.upenn.edu/allele-frequency/). Base-level conservation phyloP values were obtained from the UCSC Genome Browser at
the following link: https://genome.ucsc.edu/cgi-bin/hgTrackUi?db=hg38&g=cons100way.

The discovery analysis in the Penn Medicine Biobank (PMBB) included a subset of 10,900 individuals who have undergone whole-exome
sequencing following quality control measures. Only 5’ UTR variants with at least five total alternate alleles in PMBB were selected for
univariate PheWAS analyses in the discovery phase while variants with greater than half of the genotypes annotated as missing due to low
quality were excluded. Additionally we chose to interrogate gene burdens with at least 25 carriers. This resulted in a final set of N=10 variants.
Our association analyses considered only disease phenotypes with at least 20 cases, leading to the interrogation of 800 total Phecodes in the
PMBB. For discovery and replication analyses in the PMBB (N = 11,451) and UKB (N=32,268), the sample sizes were opportunistic and
determined by the availability in each biobank at the time of genetic sequencing.

In the discovery analysis, out of 11,451 total individuals with whole-exome sequencing in the PMBB, samples with low exome sequencing
coverage (less tahn 75% of targeted bases achieving 20x coverage), high missingness (greater than 5% of targeted bases), high heterozygosity,
dissimilar reported and genetically determined sex, genetic evidence of sample duplication, and cryptic relatedness, were removed. This
resulted in a total of 10,900 individuals following pre-established protocols ofr quility control of exome sequencing data. For phenotypes
examined, ICD codes associated with injury and poisonings were excluded under the assumption that htese diagnoses would be less likely to
be associated with genetic variation. Additionally patients were determined to have a phenotype label only if they had the corresponding ICD
diagnosis on two or more dates. Phenotypic controls consisted of individuals who never had the ICD code. Individuals with an ICD diagnosis on
only one date, as well as individuals under control exclusion criteria based on PheWAS phenotype mapping protocols were not considered for
statistical analyses. These pre-established phenotypic exclusion criteria were implemented to increase sensitivity for defining cases for disease
phenotypes. For replication analyses in the UKB, similar exclusion criteria were implemented with both genotype and phenotype aspects.

For each significant single-variant and phenotype association uncovered in the analysis of the PMBB, replication was attempted by an
independent association study in the UKB and by gene-burden studies in both the PMBB and UKB. Out of 6 variant-phenotype associations
uncovered in the discovery analysis, 1 was replicated as a single-variant association in the UKB, and 3 were replicated by loss-of-function gene
burden studies in either the UKB or PMBB. Several single-variant associations could not be replicated in the UKB due to insufficient case
numbers, or through gene-burden analyses if not enough loss-of-function variants could be identified across genes in the PMBB or UKB
respectively.

For replication studies in UKB, we interrogated the 32,268 individuals of European ancestry (based on UKB’s reported genetic ancestry
grouping) with ICD-10 diagnosis codes available among the 49,960 individuals who had WES data as generated by the Functional Equivalence
(FE) pipeline. We focused our replication efforts on 32,268 individuals after removing samples with poor genotype quality, individuals closer
than 3rd degree relatives, and those with dissimilar reported and genetically determined sex. The PLINK files for exome sequencing provided
by UKB were based on mappings to GRCh38. Access to the UK Biobank for this project was from Application 32133.

Each disease phenotype was tested for association with each uORF variant using a logistic regression model adjusted for age, age2, sex, and
the first ten principal components (PCs) of genetic ancestry.

No blinding was conducted. The data analyzed are from large population cohorts collected independently by the Penn Medicine Biobank and
UK Biobank teams who had no prior knowledge of the planned analyses.




