SUPPLEMENTARY NOTE
Major histocompatibility complex (MHC)

UC association. For both EAS and EUR, the strongest IBD association in MHC is a UC-specific
association, which is also the strongest UC association across the genome. The best UC-associated
variant (rs6927022), from the IBD MHC fine-mapping study'® (conducted in EUR), has consistent
genetic effect and variance explained in EAS and EUR, with logOR of -0.399 + 0.015 and -0.434 +
0.026 (mean * s.e.), and variance explained of 2.4% and 2.9% in EUR and EAS respectively. Note that
the best UC-associated variant in EAS is a different variant in weak LD with rs6927022 (R2 = 0.2 in
EAS), which has a greater genetic effect (-0.639+0.039) and explains more variance (3.9%). This
variant is in strong LD with the best UC-associated variant in the latest NFE IBD GWAS in EUR*
(rs9271176, R2 = 0.86 in EAS).

CD association. Previous studies have identified multiple independent HLA alleles contributing to the
disease, with some having shared roles for CD and some showing non-additive effects’®. While a full-
scale comparative analysis for all the HLA alleles associated with IBD is beyond the scope of this study,
we investigated the strongest CD association in MHC to look into the relative importance of CD vs UC
in EAS and EUR. The strongest CD association from the IBD MHC fine-mapping study is an HLA allele
not available in our EAS data. We, therefore, used the strongest CD-associated variant from the latest
NFE IBD GWAS* in EUR. This variant (rs145568234) has logOR of 0.86 + 0.06 and variance explained
of 0.6% in EUR. It was, however, not analyzed in the EAS study as it is very rare (MAF < 0.001),
suggesting that this variant likely explains very little phenotypic variance in EAS. In EAS, we found a
different CD association in MHC (rs9270965) with logOR of 0.53 + 0.03 (P = 1E-76) and variance
explained of 3.5%, which had consistent effects across all four EAS sample collections. This variant is
not present in the latest NFE IBD GWAS despite being a common variant (EUR MAF = 0.26). The FIN
data in our study reported a significantly reduced logOR of 0.18 + 0.04 and variance explained of 0.5%.
The two CD-associated variants (rs145568234 and rs9270965) are not in LD with each other (R2 <
0.03 in either EUR or EAS).

Summary. We found, in MHC, the primary UC association appears to be consistent across EAS and
EUR with similar OR and explains similar phenotypic variances. The primary CD association, instead,
appears to be heterogeneous with the best CD-associated variant in EUR not present in EAS, and the
best CD-associated variant in EAS has a significantly smaller genetic effect in EUR. While the primary
UC association is UC specific for both EUR and EAS (Extended Data Figure 9), when combined with
the additional CD association, the MHC, in aggregation, contributes to CD and UC in a more balanced
manner in EAS than in EUR: the variance explained are 2.4% vs 0.6% for UC and CD in EUR, and
3.9% vs 3.5% in EAS.

This interesting heterogeneity in MHC across EAS and EUR, and the heterogeneity within EAS
(Extended Data Figure 6), can be driven by factors such as the long-range LD and gene-gene
interactions. MHC associations may also be involved in the adaptive immune response to the colonic
environment, which can be an interesting topic to investigate for genetic-environment interactions
across populations'®. A study to delineate the reasons underlying this heterogeneity requires a large-



scale MHC imputation panel, to begin with, which only exists in EUR until very recently. We note that a
recent publication®® made available an HLA reference panel including over 2,000 EAS subjects, among
which the majority is from Japan. Given the significant heterogeneity across the three EAS ancestries in
the MHC™*4 it is unclear to what extent this panel will be helpful, which warrants a full investigation in
the future.

IBD genes of interest

Tier 1 (IL23R not discussed as it has been well studied)

MFSD12 (Major Facilitator Superfamily Domain Containing 12) is a risk gene of skin pigmentation and
inflammation bowel disease identified in African and Korean populations”®®, respectively. It plays a
pivotal role in maintaining normal levels of cystine and the oxidized dimer of cysteine in melanosomes.
Studies revealed MFSD12 as a key promoter of cell proliferation and a potential therapeutic target in
melanoma®. Meanwhile, MFSD12 is a necessary component of the cysteine importer for lysosomes®,
which is critical in maintaining the intestinal epithelial barrier integrity®®. MFSD12 inhibits the
proliferation of SH-SY5Y cells, arrests the cell cycle at G1 phase, and sensitizes the SH-SY5Y cells to
sodium butyrate treatment®”.

SHC1 (SHC adaptor protein 1) encodes three main isoforms that differ in activities and subcellular
location. SHC1 is an important regulator of proliferation and tumorigenesis through transcriptional
activation of downstream signal cascades®®. The balance of pro-inflammatory versus anti-inflammatory
cytokines generated by dendritic cells upon Toll-like receptors stimulation could be strictly controlled by
SHCH1, which may act as a switch in response to immunity®®. Genetic deletion of p66shc-/- increases
susceptibility to myocardial injury in response to short-term ischaemia and reperfusion in mice’.

ZBTB46 (zinc finger and BTB domain containing 46) encodes zinc finger and BTB domain-containing
protein that plays a major role in the function of conventional dendritic cells in immunity, inflammation,
and tolerance’""?. ZBTB46+ group 3 innate lymphoid cells (ILC3) have a vital and non-redundant role in
controlling the intestinal inflammation induced by bacterial infection. And targeting the ZBTB46-
leukemia inhibitory factor axis may inhibit castration-resistant prostate cancer development and
neuroendocrine differentiation after androgen deprivation therapy’®. Variants in ZBTB46 are associated
with post-thrombolytic parenchymal haematoma and multiple sclerosis’ .

ADO (2-aminoethanethiol dioxygenase) encodes cysteamine dioxygenase and is involved in the
biosynthesis of taurine’®. As a low oxygen affinity amino-terminal cysteine dioxygenase, ADO
transduces the oxygen-regulated stability of proteins by the N-degron pathway in human cells’’. ADO is
associated with leprosy, Ewing sarcoma and psoriasis’®°.

Tier 2 (FUT2 not discussed as it has been well studied)

GPR35 (G protein-coupled receptor 35) encodes a rhodopsin-like, 7-transmembrane class A GPCR.
Activated by the metabolites tryptophan-derived kynurenic acid (KYNA), the chemokine CXCL17, and



phospholipid derivate lysophosphatidic acid (LPA) species, GPR35 triggers signals that are important
for host—-microbiome interactions, the host cell function, survival, proliferation, and expansion®'#,
GPR35 is highly expressed in the small intestine, colon, spleen, and immune cells, including
monocytes, macrophages, and dendritic cells®. In GWAS, GPR35 has been found to be associated
with increased risk of immune-related disorders®*-2¢.

GTF2I (General Transcription Factor Il I) encodes a phosphoprotein containing six characteristic repeat
motifs. The encoded protein binds to the initiator element and E-box element in promoters and
functions as a regulator of transcription. This locus is deleted in Williams-Beuren syndrome®’, and it is a
risk gene of primary Sjogren’s syndrome®#°, thymic epithelial tumors and systemic lupus
erythematosus®. Genomic and proteomic analysis of GTF2I reveals different interaction patterns of
GTF2I at active, inducible, or repressed gene, and implicates GTF2I in the regulation of transcription
elongation. Furthermore, GTF2| mediates transcriptional repression of GLI2 through binding the INR,
which is shown to be applicable to a subset of tumor supportive genes and identified GTF2I as an
important factor in the regulation of RNAPII pausing®’.

Tier 3 (GPR35 and FUT2 not discussed as they have been well studied)

ADAP1 (Arf GTPase-Activating Protein with Dual PH Domains 1) enables GTPase activator activity and
is highly expressed in brain and colon. ADAPT1 is regulated by a known IBD gene NKX2-3%. Meta-
analysis of patients with CD or leprosy has identified ADAP1 as a shared lead risk gene®®. ADAP1
promotes latent HIV-1 reactivation by selectively tuning KRAS-ERK-AP-1 T cell signaling
transcriptional axis®. ADAP1 is also decreased by Salmonella enterica serovar typhimurium to invade
nonphagocytic host cells, showing an obvious interplay between Arf guanine nucleotide reaction factors
and GAPs that is decreased by Salmonella to establish infection®®.

GIT2 (GIT ArfGAP 2) encodes a member of the GIT protein family, which interacts with G protein-
coupled receptor kinases and possesses ADP-ribosylation factor GTPase-activating protein activity.
GIT2 is an essential terminator of TLR signaling, the loss of which leads to uncontrolled inflammation®®.
GIT2 may also act as one of these network coordinators in controlling numerous aspects of the
complex aging process®” . It has shown that GIT2 is necessary for directional chemotaxis and for the
suppression of superoxide production in G protein—coupled receptor—stimulated neutrophils®. Git2-/-
mice are more susceptible to dextran sodium sulfate induced colitis, endotoxin-shock challenge, or
Escherichia coli, and likely by the TLR signaling®®.

CELA3B (Chymotrypsin Like Elastase 3B) is one of the six human elastase genes that encode
structurally similar proteins. Unlike other elastases, CELA3B possesses little elastolytic activity. A rare
missense mutation in the gene encoding CELA3B is cosegregated with familial pancreatitis with
diabetes and pancreatic adenocarcinoma®. CELA3B is a risk gene for chronic pancreatitis and the
loss-of-function of CELA3B is associated with a higher potential of chronic pancreatitis'1%".

Cross-ancestry meta-analysis




IL21R (interleukin 21 receptor) belongs to the type | cytokine receptors and has been shown to form a
heterodimeric receptor complex with the common gamma-chain. IL27R is mainly expressed in T cells,
B cells, and natural killer cells. Autonomous IL21R-dependent signaling by CD8+ T cells is required for
sustained cell proliferation and cytokine production during chronic infection'®2. 1121r deletion in
transgenic EAE mouse model (T and B cells overexpressing receptors for myelin oligodendrocyte
glycoprotein) reduces the incidence and severity of spontaneous EAE, which is associated with the
defect in Th17 cell generation'®. 1L21/IL21R signaling contributes to protection against DSS-induced
acute colitis through suppression of Th1 and activation of Th2, Th17 and Treg responses in mice'%*.
Neutralization of IL-21 in experimental CD4 T cell-driven colitis is associated with reduction in clinical
and pathological findings'®. IL21R has higher expression in the inflamed gut of CD patients compared
with controls'®"%” and has been reported to be a risk locus for primary biliary cholangitis, systemic
lupus erythematosus, multiple sclerosis and ischemic stroke'%®""",

RUNX3 (Runt-related transcription factor 3) is one of key regulators of human autoimmunity''2. RUNX3
is predominantly expressed in hematopoietic lineages and regulates several aspects of immune
function, including T-cell differentiation, dendritic cell (DC) maturation and natural killer (NK) cell
activation''®. Dysregulation of RUNX3 links to hematopoietic and gastrointestinal pathologies, including
leukemia, spontaneous colitis, and gastric carcinogenesis''*'"°. In Runx3 knockout mice, loss of
leukocytic cell-autonomous function of Runx3 develops IBD and gastric lesion'"®. In cancer studies,
RUNX3 is a tumor suppressor in gastric and colorectal cancer''®'"”. RUNX3 inhibits epithelial-to-
mesenchymal transition(EMT), which promotes metastasis, by regulating the Wnt signaling
pathway''®119,

ABO (alpha 1-3-N-acetylgalactosaminyltransferase and alpha 1-3-galactosyltransferase) variation is the
basis of the ABO blood group. This gene encodes a protein related to the first discovered blood group
system and is highly expressed in colon and small intestine. Genetic variation in this gene is associated
with duodenal ulcer, epithelial ovarian cancer, pancreatic cancer, Behget's disease and
depression’®12-'2_ ABO is also a genetic susceptibility locus in patients with Covid-19 with respiratory
failure'®*'%, Moreover, ABO also plays a vital role in gut microbiome, indicating the potential for
implementing microbiota in disease treatment and management in European population'2%-'2°,

HORMAD1 (HORMA domain containing 1) encodes a HORMA domain-containing protein. HORMA
domains are involved in chromatin binding and play a role in cell cycle regulation™®''. SKP1-Cullin-F-
box ubiquitin E3 ligase regulates DNA double-strand breaks through proteasome-mediated degradation
of HORMAD1 in early meiotic recombination'?. Overexpression of HORMAD1 contributes to
homologous recombination deficiency in triple-negative breast cancers'?

CTSS (cathepsin S) encodes a lysosomal cysteine proteinase that participates in the degradation of
antigenic proteins to peptides for presentation on MHC class Il molecules. CTSS is highly expressed in
inflamed areas of osteoarthritis synovial membrane'**. Besides, overexpression of CTSS induces
chronic atopic dermatitis in mice'*®. CTSS alterations induce a tumor-promoting immune
microenvironment in follicular lymphoma'®'*”. Symbionts of the intestinal microbiota regulate host
CTSS activity and prevent T-cell mediated induction of colonic inflammation'®. CTSS is a risk locus of
obesity and congenital cardiovascular left-sided lesions'3%4,
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