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Methods 
 
Quality control 
 
Quality control was performed for HSP, IBD, HSCT and BD data using Plink v1.9 (Chang et al., 2015) 
and SNPs with missing call rate > 5%, minor allele frequency (MAF) < 1%, or Hardy-Weinberg 
equilibrium probability test score < 1E-6 were excluded along with individuals with missing call rates 
> 10%, and individuals mentioned having disturbances in genotyping reports. Two HSP samples were 
excluded based on their HSP status. Sex information was checked for HSP, IBD, and HSCT data, and 
imputed for BD data using Plink v1.9 (Chang et al., 2015). Individuals with discordant sex information 
or failed sex imputation were excluded from the data.  
 
Genotype lift-over from hg19 to hg38 
 
HSP, IBD, and HSCT data genotyped on GSA platform was subjected to a genotype lift-over from 
hg19 to hg38 according to Genotyping chip data lift-over to reference genome build GRCh38/hg38 
V.2 protocol (Pärn Kalle et al., 2019). Prior to this, duplicate variants had been removed from the 
data using Plink v1.9 and R (Chang et al., 2015; R Core Team, 2020). Allele frequency files prepared 
for EUR samples of the 1000 Genomes Project GRCh38/hg38 data included in the protocol were 
used as reference allele frequency data, and the strand file used in the protocol containing the 
names and new locations of the SNPs was modified to match SNP naming in HSP, IBD, and HSCT 
data with R (R Core Team, 2020).  
 
Overall, 448,657 SNPs were lifted over to hg38 (99.6%) including 435,289 SNPs with concordant 
allele frequencies to the reference allele frequencies and 13,368 SNPs with a high allele frequency 
difference, likely due to the reference population being European and not Finnish.  
  
LD pruning 
 
Variant pruning based on linkage disequilibrium was conducted on the data using Plink v1.9 (Chang 
et al., 2015) in order to obtain suitable data for principal component analysis and identity-by-
descent analysis. Parameters for pruning were window size of 50 variants, variant count of 5 to shift 
the window, and r2 threshold of 0.5.  
 
 



PCA 
 
Principal component analysis was performed on LD pruned data using Plink v1.9 (Chang et al., 2015) 
intending to detect population stratification within the data and to obtain principal components to 
be used in association analysis. Plotting the PCA results with R (R Core Team) revealed zero outliers, 
so no individuals were excluded from the data. The first three principal components were selected 
as covariates from a PCA conducted to the final dataset after all quality control.  
 
IBD analysis  
 
Identity-by-descent analysis was conducted on LD pruned data as a means to take account of kinship 
in the upcoming genome-wide association study. The analysis was performed using Plink v1.9 
(Chang et al., 2015) with the parameter min 0.2. In total, 1035 pairs of individuals were first-degree 
relatives (IBD > 0.4) and the individual with greater missingness was excluded from each pair.   
 
Platform bias analysis  
 
A platform-bias analysis was performed on controls genotyped on different platforms (HSCT 
samples on GSA platform and BD samples on FinnGen array) as a genome-wide association study of 
HSCT samples against BD samples. R package SPAtest (Dey et al., 2017) was used for this, and SNPs 
associating with GSA platform (p < 1E-4, in total) were excluded from the data. The first three 
principal components and sex were used as covariates.  
 
HLA imputation and obtaining protein sequences for imputed alleles 
 
Imputing HLA genotypes (for HLA genes HLA-A, HLA-B, HLA-C, HLA-DRB1, HLA-DQA1, HLA-DQB1, 
and HLA-DPB1) for the data was executed using previously-made imputation models for Finnish 
samples (Ritari et al., 2020). The MHC region (chromosome 6 28-34MB) had been extracted into a 
separate data set for this beforehand with Plink v1.9 (Chang et al., 2015), and R package HIBAG was 
used for the imputation (Zheng et al., 2014).  
 
Amino acid sequences were obtained for the imputed HLA alleles using the R package HIBAG (Zheng 
et al., 2014), and a dosage table was created for association analysis with R (R Core Team, 2020) of 
both HLA alleles and their amino acid sequences excluding amino acids showing little to no variation 
(amino acids identical to reference sequence, for instance).  
 
GWAS 
 
A genome-wide association study was performed both for HSP and IBD samples in a case - control 
manner against HSCT and blood donor controls. R package SPAtest (Dey et al., 2017) was used for 
this utilizing the first three principal components, sex and information on genotyping platform as 
covariates. Manhattan plots were drawn of the results with the R package qqman (Turner, 2018). 
 
 
 
 
 



Association analysis for imputed HLA alleles and HLA protein sequences 
 
An association study was performed for the imputed HLA genotypes and their amino acid sequences 
in a case - control manner both for HSP and IBD samples against common HSCT and blood donor 
controls using dosage tables constructed while imputing HLA genotypes and their amino acid 
sequences. The R package SPAtest (Dey et al., 2017) was used for the association analysis, with the 
first three principal components, sex and genotyping platform as covariates.  
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