Supplementary Information for

The influence of HLA genetic variation on plasma protein expression
Chirag Krishna', Joshua Chiou', Saori Sakaue®®, Joyce B. Kang?®, Stephen M.
Christensen’, Isac Lee', Melis Atalar Aksit!, Hye In Kim', David von Schack’,

Soumya Raychaudhuri®®, Daniel Ziemek', Xinli Hu™

*Corresponding author. xinli.hu@pfizer.com



0.10
1

0.05
1

-

T T T T T T
0 20 40 60 80 100
Protein expression prinicipal component

Proportion of variance explained

0.00
!

b

-log10(Spearman correlation P-value)
Liver function

250 ALT_Zscore7 } ! ) )
AST?Zscore/ nggggirggf lipoprotein metabolism / other
E78_Z:
200 .- - fa,zscore/ Renal function
egir_escore Depressive episode
150 [ | F32_Zscore—
100 - healthscore_Zscore Essential (primary) hypertension
- 110_Zscore Chronic (ischaemic) heart disease
. 125_Zscore Acute upper respiratory infections
50 J06_Z ifi i i i
_Zscore Unspecified acute lower respiratory infection
- J22_Zscore Vasomotor and allergic rhinitis
- J30_Zscore Asthma
- J45_Zscore Gastro-oesophageal reflux disease
K21_Zscore Gastritis and duodenitis
. K29_Zscore Diaphragmatic hernia
K44_Zscore Diverticular disease of intestine
. K57_Zscore Other diseases of anus and rectum
[ | K62_Zscore Other dermatitis
L30_Zscore Other disorders of skin / subcutaneous tissue
[ | L98_Zscore Other arthrosis
M19_Zscore Other joint disorders
M25_Zscore Dorsalgia
M54_Zscore Other soft tissue disorders
M79_Zscore
meduse_Zscore Other disorders of urinary sytems
. N39_Zscore

smoking_Zscore

Protein expression prinicipal component gene loadings

Supplementary Fig. 1: Principal component analysis of plasma protein
expression in the UK Biobank.

a, Proportion variance explained by the top 100 principal components (PCs) of
protein expression in the discovery cohort. The top 20 protein expression PCs were
used as covariates in the HLA-pQTL linear models. b, Spearman correlation of the
gene loadings for top 20 protein expression PCs with gene — disease associations
(represented as Z-scores) computed by the UKB-PPP, for the most prevalent
diseases in the discovery cohort. Gray indicates a non-significant (P-value > 0.05)
association. Heatmap rows depict ICD10 code; blue text indicates description of
ICD-10 code. Analyses were conducted in the discovery cohort with N = 34490
individuals.
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Supplementary Fig. 2: Permutation analysis to assess robustness of lead HLA-
pQTL in the discovery cohort.

a-d, For 4 selected proteins, histograms of -log1o permutation p-values in which
protein expression values were randomized across participants in the discovery
cohort. For each permutation iteration (1000 total for each protein), all HLA variants
were tested, and the lead variant (variant with minimal p-value) was retained to
construct the null distribution plotted here. For all proteins, no permutation iterations
achieved a -log1o permutation p-value greater than the observed -log1o p-value, listed
for each protein. Analyses were conducted in the discovery cohort with N = 34490
individuals.
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Supplementary Fig. 3: HLA-pQTL characteristics and sensitivity analyses in
the discovery cohort.

a, Number of conditional HLA-pQTL across all HLA-pGenes. b, Distribution of
median LD R? for each HLA-pGene between its lead HLA variant and all conditional
HLA variants. ¢, Proportion of lead HLA-I and lead HLA-II pQTL that remained
significant after adjusting for all 2-field HLA- DRB1 alleles. Parentheses beneath
bars indicate fraction of significant lead pQTL remaining, equivalent to the
proportions show in the bars. d, HLA-pGenes with significant SNP pQTLs in the
HLA class Il region from the flagship study. Barplot depicts significance of HLA-
pQTL from our study, class Ill pQTL from the flagship study, and the significance of
both in a combined model combining both our HLA-pQTL and the class IlI

SNP. e, Concordance of effect sizes between lead HLA-pQTL in the full discovery
cohort and lead HLA-pQTL in a reduced discovery cohort removing individuals with



HLA-associated diseases. f, Proportion of protein expression variance explained by
lead and conditional HLA-pQTL compared to proportion of protein expression
variance explained by all SNPs from the flagship UKB-PPP analysis. g,
Concordance of effect sizes for HLA-pQTL that were nominally significant (P < 0.05)
in the EUR replication cohort.
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Supplementary Fig. 4: Significant HLA-pQTL identified via conditional
haplotype analysis for loci not shown in Fig. 1.

a-e, Top three significant (P < 5.0 x 10%) amino acid positions identified via
conditional haplotype analysis shown for each locus, where available. The protein
with lowest P-value across all proteins tested is labeled together with its top 3
significant conditional positions. f, Proportion of amino acids from conditional
haplotype analysis within and outside the peptide binding groove. Analyses were
conducted in the discovery cohort with N = 34490 individuals.
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Supplementary Fig. 5: Multi-ancestry HLA-pQTL replication analyses.
a-d, Concordance of effect sizes for HLA-pQTL that were nominally significant (P <
0.05) in additional genetic ancestry-specific subgroups
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Supplementary Fig. 6: Additional trans HLA-pQTL networks and gene families
affected by HLA-I genetic variation.

Data show all pathways significant at FDR P < 0.1. Analyses were conducted in the
discovery cohort with N = 34490 individuals.
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Supplementary Fig. 7: Additional trans HLA-pQTL networks and gene families

affected by HLA-Il genetic variation.
Data show all pathways significant at FDR P < 0.1. Analyses were conducted in the

discovery cohort with N = 34490 individuals



Enrichment of HLA-pGenes in tissue-specific
gene sets from the Human Protein Atlas / GTEx
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Supplementary Fig. 8: Enrichment of HLA-pGenes in tissue-specific gene sets
(a) or genes from the druggable genome (b).
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Supplementary Fig. 9: Expression of HLA-pGenes on all clusters (immune +
non-immune) from the Travaglini et al. lung atlas.
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Supplementary Fig. 10: cis-pQTLs of HLA-pGenes associated (P < 5 x 102 from
the GWAS catalog) with immune-mediated diseases (a) and expression of the
corresponding HLA-pGenes on the Yazar et al. immune cell atlas.
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Supplementary Fig. 11: Gene ontology enrichment analysis depicting
pathways enriched in trans, non HLA-pQTL at unadjusted P < 0.05. No
pathways were significant at FDR P < 0.05.
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Supplementary Fig. 12: Disease associations for HLA-pGenes obtained via
burden tests using genetic variation from exome sequencing.

Heatmap shows significant (SKAT-O P < 2.5 x 107") associations from the genebass
browser. Gray indicates non-significant association. Color bar along top of heatmap
indicates whether pGene is HLA-I-specific, HLA-II-specific, or neither (‘mixed’).



a b
Median Spearman rho across all proteins: 0.05 (I.Q.R. 0.02-0.13)

Spearman One-sided P (all proteins > HLA pGenes)

i iz S etz 1O = 1.93e-86
B

| | 1.00
05

0.75

0.50

Abs(Spearman rho)

0.25

| ]
0.00 ! !

Pairs of HLA Pairs of all other
pGenes proteins

Supplementary Fig. 13: Pairwise protein correlations.

a, Pairwise Spearman correlations computed across all 2940 proteins. b, Spearman
correlations for HLA-pGenes compared to all other pGenes. P-value calculated using
one-sided Wilcoxon test.



