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Supplementary Figure 1. Ascertaining sex concordance and quality of
genotyping from sex chromosome summary statistics. Outlying individuals in this
analysis are marked in red. Genetically defined sex was used in all downstream

analyses.

Nature Genetics: doi:10.1038/ng.3745



>

Heterozygosity rate
0.16 0.18 0.20 0.22 0.24 0.26 0.28
1

T T T T T T T T
08 07 06 05 04 03 02 01

log(Proportion of missing genotypes)

O
0.34
I

0.30
1

Heterozygosity rate

0.26
I

Supplementary Figure 2. Outliers defined by heterozygosity rate and proportion of missing genotypes. Outliers are coloured in red. A. All
UK PSC cases, B. All US PSC cases, C. Non-African American samples in the HRS controls. D. All individuals genotyped in Berlin, E. All
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Supplementary Figure 3. Individual ancestry inferred from PCA. Red, purple and
green circles are 1000 Genomes CEU (Utah residents with Northern and Western
European ancestry), YRI (African), and CHB+JPT (Han Chinese and Japanese) A.
All controls (crosses) overlaid onto the 1000 Genomes samples. B. All PSC cases
(crosses) overlaid onto the 1000 Genomes samples. The number of non-European

samples removed from this analysis is summarized in Supplementary Table 1.
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Supplementary Figure 4. Regional association plots of 15 previously reported
PSC risk loci (A-O), and 4 newly identified risk loci (P-S). Circles denote SNPs
with both Affy6 and Omni2.5 data, upright triangles are SNPs with only Affy6 data,
and upside-down triangles are SNPs with only Omni2.5 data. Previously reported lead

SNP is coloured in purple.
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Supplementary Figure 5. Effect of rs1893592 on the expression of intron 10 of
UBASH3A. The top panel shows the mean RNA-seq coverage around UBASH3A
stratified by three different genotype groups at rs1893592. The bottom panel shows
the boxplot of log2 intron expression for the 10" intron against the three different
genotype groups at rs1893592. FPM = (nucleotide count at the position)/(total
nucleotide count for the sample) x 10°, FPKM = (fragment count + 1)/(cDNA
length)/(total fragment count for the sample) x 10°. 343 European samples from the

gEUVADIS project were used in this analysis
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Supplementary Figure 6. Odds-ratios of 18 PSC risk loci between different subsets of PSC patients. Error bars represent 95% confidence

intervals. No heterogeneity of odds could be observed between PSC subsets.
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Supplementary Figure 7. Consistency of co-heritability estimates between GCTA
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intervals are plotted.
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Supplementary Figure 8. The effect of the genetic covariance of UC and PSC on
the expected prevalence of UC in PSC cases. For a given genetic covariance, the
probability of having both disease is calculated under a bivariate liability model by
numerically integrating the multivariate normal density assuming the prevalences of
UC and PSC are 0.0025 and 0.0001, respectively.
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Supplementary Note

Drug ldentification
Protein-protein interactions (PPIs) for the twenty genes associated with PSC were
identified using the DAVID, KEGG and BioCarta databases’>. We then identified

drugs in the drugbank database (www.drugbank.ca) that target these proteins and

performed a literature search using PubMed (www.pubmed.gov, last search March 9"

2015) and ClinicalTrials.gov (www.clinicaltrials.gov) to assess which of these were

the most promising for PSC. We highlight drugs that were 1) investigated for efficacy
in PSC, 2) showed efficacy in other inflammatory disease or 3) deemed to have an
interesting working mechanism. All drugs were selected based on evidence from

phase I/11/111 randomized clinical trials (RCTs) or published animal studies.

QC of the IBD and PSC GWAS cohorts for the genetic correlation analysis.
The genetic correlation analysis requires quality control of individual level genotype
data to ensure that 1) the data are consistent across cohorts and diseases 2) there are
no duplicate samples across phenotypes and 3) only the highest quality samples and
genotypes are included in the analysis. Quality control of the PSC GWAS cohort is
described in the Online Methods. Further QC to remove related individuals within the
PSC GWAS cohort was conducted via PLINK* through pairwise identity by descent
and the sample with lowest genotype call rate was removed for all pairs with identity
by descent greater than 0.05. Quality control of the IBD GWAS data was conducted
after merging all the 15 IBD cohorts and selecting autosomal SNPs that were well
represented in all cohorts. Initially, SNPs out of Hardy-Weinberg equilibrium (HWE:
P < 1x10°®) in controls or with a call rate less than 90% were removed. Then an initial
sample QC of removing individuals with call rate less than 95% was conducted. A set
of 183,572 independent SNPs (pairwise r* < 0.1) excluding a) the HLA region, b)
SNPs with call rate < 98%, c) significant deviation from HWE in controls (P < 1x10°
%, d) significant difference in call rate between cases and controls (P < 1x10®), and e)
MAF < 10% were used to estimate sample relatedness and ancestry. Pairwise identity
by descent was estimated for all individuals that passed QC via PLINK, and the
sample with the lowest genotype call rate was removed for all related/duplicated pairs

12
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(IBD > 0.05). Sample ancestry was estimated via principal components analysis
implemented in PLINK, whereby factor loadings from the 1000 Genomes were
projected onto our cases and controls. Samples of non-European ancestry were
inferred using Aberrant® and removed. The PSC and IBD post-QC genotypes were
merged after removing triallelic SNPs or those with mismatching alleles. Sample QC
on the combined data was conducted to identify duplicated and related samples. For
this, 35,258 independent (pairwise r* < 0.1) autosomal SNPs outside of the HLA were
selected based on minor allele frequency (MAF > 10%) and genotype call rate (>
98%) in the combined dataset. Sample relatedness was measured by pairwise identity
by descent and the sample with lowest genotype call rate was removed for all pairs
with greater than 0.05 identity by descent. When duplicated samples were identified
between PSC and IBD cohorts, the sample in the IBD cohort was removed to
maximise power in the smaller PSC cohort. The number of samples removed by each
QC step is summarized in Supplementary Table 13. 4,148,246 autosomal SNPs that

were present throughout all the cohorts were used for this analysis.

Simulating heterogeneity of effect in cohorts of different sample size.

To further demonstrate that our analytical approach is robust to differences in sample
size we simulated 1 million case and 1 million control genotypes at a SNP with an OR
of 1.19 and a risk allele frequency (RAF) of 0.29. This represents the OR and RAF in
UC at rs3197999 (MST1), a SNP that shows significant heterogeneity of odds versus
PSC and significant evidence of causal variant colocalisation. Next, we randomly
selected 4,796 case genotypes and 19,955 control genotypes from the respective pools
of 1 million to represent the “PSC” cohort and 17,647 cases and 47,179 controls to
represent the “UC” cohort. We repeated this selection process (with replacement) to
create 1.2 million appropriately sized “PSC” and “UC” case-control cohorts under the
null hypothesis of no heterogeneity of effect. We then used these simulated cohorts to
ask the question “How many times under the null hypothesis of no significant
heterogeneity of effect will sample size differences lead to significant evidence of
heterogeneity”. When the association P-value in the “PSC” cohort achieved genome-
wide significance (P < 5x10®) we tested for association in the “UC” cohort and then
tested for heterogeneity of odds. The P-value threshold for declaring significant

evidence of heterogeneity was P < 2.78x10%, to match that used in our study. An

13



empirical P-value was then derived that represents the proportion of simulations under
the null that demonstrated significant evidence of heterogeneity of effect.

We repeated this simulation using the UC OR and RAF for each of the 4 SNPs that
showed significant evidence of heterogeneity versus CD and UC and causal variant
colocalisation. The results of this simulation study are shown in the table below.

rsID Gene UC OR RAF Empirical
heterogeneity of odds
P-value

rs3197999 MST1 1.19 0.29 1.17x10™

rs13140464 IL21 1.12 0.84 2.97x10™

rs1788097 | CD226 1.07 0.5 1.14x10™*

rs3184504 SH2B3 1.05 0.49 7.17x107

Across the total 4.8 million simulations, only 68 (P=1.41x10") resulted in a
heterogeneity of odds P-value smaller than those we observed in our real data. This is
highly significant for 4 statistical tests, and thus, these results clearly demonstrate that
the sample size differences between the PSC and IBD cohorts cannot explain the

significant degree of heterogeneity of effect we observe in our study.

1. Huang, D.W., Sherman, B.T. & Lempicki, R.A. Systematic and integrative
analysis of large gene lists using DAVID bioinformatics resources. Nature Protocols
4, 44-57 (2009).

2. Huang, D.W., Sherman, B.T. & Lempicki, R.A. Bioinformatics enrichment
tools: paths toward the comprehensive functional analysis of large gene lists. Nucleic
Acids Research 37, 1-13 (2009).

3. Kanehisa, M. et al. Data, information, knowledge and principle: back to
metabolism in KEGG. Nucleic Acids Research 42, D199-D205 (2014).
4. Purcell, S. et al. PLINK: a tool set for whole-genome association and

population-based linkage analyses. Am J Hum Genet 81, 559-75 (2007).
5. Bellenguez, C. et al. A robust clustering algorithm for identifying problematic

samples in genome-wide association studies. Bioinformatics 28, 134-5 (2012).
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