Supplementary materials

SUPPLEMENTARY METHODS
Quality control and curation of the IBD cohort based on the UK Biobank data
On the Exome sequencing data, we filtered for on-target variants with a missingness ratio of less than 10%, prior to genotype-based filtration excluding those with read depth <8 and allelic balance ratio <0.15.
Further curation excluded individuals with mismatch self-reported sex versus genetic-sex, >5% discordant exome versus array genotypes, and excessive heterozygote/missingness ratios, adhering to the UK Biobank processing protocol[1].  Participants diagnosed with IBD, UC, or CD were identified using the ICD-10 code. In cases where both CD and UC diagnoses were present, the patient was considered as a CD patient.  Individuals without both an immune-related and digestive diagnosis were selected as controls. Subsequently, related cases with second-degree or closer relationships were pruned, retaining the patient with the earliest age at diagnosis, while all related controls were filtered out. To simplify the LD mapping process and focus on the major ethnicity group, the analysis was confined to genetically confirmed White Europeans.  

GenePy2 calculation
The CADD raw score, derived from a machine-learning-based variant effect predictor, is calculated for each alternative allele based on multiple functional evidence extracted from Ensemble Variant Effect Predictor (VEP) v109 [2].  Genomic coordinates for the genes are determined using GENCODE V43[3], with a padding of 50bp on each side of the defined boundary of genes and the coordinates of the LDB follow the previously described method interpolating from the LDU map to the physical map (HG38).  All small variants that pass the QC filtration, including insertions/deletions < 50bp, multi-allelic variants with fewer than 10 alternative alleles, and variants suggested to be pathogenic with a CADDphred_score >15, within the gene or LDB were integrated into the GenePy2.0 score and other burden-based tests.  

Burden and threshold tests
Pathogenic variants (CADDPhred_Score>15) in candidate genes/regions were subjected to a a threshold- and burden-based tests. Firstly, individuals were categorised based on the number of pathogenic mutations they have per gene/LDB, adopting different codes for the additive (0/1/2), recessive (0/0/1), and dominant (0/1/1) models for those with 0, 1 and >2 mutations.  Subsequently, Firth’s logistic regression test followed by 105 permutations with phenotype resampling was applied to assess the impact of mutations[4].  Secondly, the SKAT-O test, an optimized locus-based burden test, was implemented, which evaluates the burden of mutations while incorporating the top 10 principal components (PCs) of the cohort as covariates [5]. The SKAT-O test used RVTESTs[27] and the regression tests were based on R.


SUPPLEMENTARY FIGURES
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Figure S1. Scatterplot of all terms in the WikiPathway_2023_Human gene set library. Each point represents a term in the library. Term frequency-inverse document frequency (TF-IDF) values were computed for the gene set corresponding to each term, and UMAP was applied to the resulting values. The terms are plotted based on the first two UMAP dimensions. Generally, terms with more similar gene sets are positioned closer together. Terms are colored by automatically identified clusters computed with the Leiden algorithm applied to the TF-IDF values. The darker and larger the point, the more significantly enriched the term, and those with black boundaries are the top10 enriched pathways. A). Enrichment by GWAS genes; B). Enrichemnt by monogenic IBD genes.
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Figure S2. The 16q12.1 GWAS association region. Upper panel represents the LDU map of the region with the vertical axis representing the LDU map and horizontal axis representing the physical genomic location. Lower panel represents the recombination rate in the region, followed by the genomic content of the region, including LDB187.
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Figure S3. Gene Manhattan plots of the association test (Firth’s regression) on gene/LBD’s threshold effects. Individuals were categorised based on the number of pathogenic mutations they have per gene/LDB, adopting different codes for the additive (0/1/2), recessive (0/0/1), and dominant (0/1/1) models for those with 0, 1 and >2 mutations.  
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Figure S4. P-P plot of GenePy-based associations. X-axis represents permutated p value (n-permutation=105) and Y-axis represents observed p value.
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