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Supplementary Figures

Figure S 1. Clustering non-deleted haplotypes. 144 variants called within the deletion boundary (KI270803.1:770437-790564) were used to cluster 528 non-deleted
haplotypes into three groups via k-means clustering. a 108 informative variants are plotted; each row is a variant position and columns represents the average haplotype
within each cluster. A light cell implies a reference base and a dark cell implies alternative; reference sequence KI270803.1 appears to be most similar to Cluster 3. b
Distribution of allele frequency for variants in the largest non-deleted haplotype cluster. Allele frequency was calculated for 521 haplotypes. Little variation is observed in this
haplotype group, only five variants had minor allele frequency >2.5%. KI270803.1 coordinate positions of these five variants are denoted. c The first two principal components
are plotted with three distinct clusters. The smaller two clusters (cluster 1, n=3; cluster 3, n=4) correspond to six individuals with African ancestry.
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Figure S 2. Colocalization of GWAS and eQTL SNPs. Colocalization of meconium ileus GWAS summary statistics and GTEx v8 (1) pancreas PRSS2 eQTLs using
LocusFocus (2) GWAS summary statistics from (3) lifted to GRCh38. Linkage is shown with respect to rs3757377. Purple line follows the most significant pancreas eQTL in
a sliding window. Simple sum colocalization p-value=7.1e-8.
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Figure S 3. GTEx v8 read counts using difference reference genomes. GTEx pancreas RNA-seq samples were aligned to a custom reference that replaces the sequence
content from GRCh38 chr7 with KI270803.1. a Normalized read counts were computed from alignments to this reference (n=152) and compared to GTEx v8 normalized
counts that were produced from alignments against GRCh38. For PRSS1 and PRSS2, there is a strong concordance (r² correlation >0.99) between normalized read counts
from KI270803.1 and GRCh38. In contrast, PRSS3P1 displays much less concordance and alignments to PRSS3P1 are susceptible to the reference sequence used. This
is because PRSS3P1 is not expressed and therefore only receives spurious alignments. Overall, the presence of the extra 20 kb sequence does not significantly shift the
normalized gene expression counts for PRSS1 or PRSS2 when compared with GTEx v8 counts. b Unnormalized RNA-seq read counts to five trypsinogen paralogs after
alignment to KI270803.1. Median value for each gene is annotated. PRSS3P1 and TRY7 are not expressed but receive a small number of spurious alignments (<1% of total
from all five paralogs).

Figure S 4. PRSS1 pancreas eQTLs. Recalculating PRSS1 eQTLs from 252 GTEx samples after lifting variants to chr7 alternative contig KI270803.1. No variant passes
the significance threshold p<0.05 (dotted line).
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Figure S 5. PRSS1 pancreas eQTLs. Association to meconium ileus using 10XG-imputed array data. Genotype data for 2635 CCGMS individuals with European ancestry
lifted over to KI270803.1. Both the phase and the deletion polymorphism imputed using the 10XG CCGMS samples as a reference panel. Association between SNPs with
imputed deletion polymorphism and meconium ileus is plotted. a Haplotype that includes the deletion polymorphism (red diamond) demonstrates significant association with
an additive increased risk of disease (beta=0.29, p=5.2e-4). top GWAS-identified variants (yellow diamond) are replicated as significant. b Recalculating association with
the deletion genotype included as a covariate, association signal is attenuated. Imputation quality for rs62473563 is poor. A masked VCF was created by filtering the 10XG
sequencing calls to match the information available in each genotyping array. The masked VCF was imputed and compared back to the original sequencing calls. This
process reveals that more imputation errors are made than correct calls for rs62473563. This problem is present for the 610Q and 660W array platforms which account for
74% of the samples.
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Figure S 6. Conditional association analysis for meconium ileus risk using all available samples. a Association with meconium ileus was similarly performed for 337
10XG samples where yellow diamonds are the top GWAS SNP reported in (3), red diamond is the deletion polymorphism and orange diamond represents rs62473563. b
Meconium ileus risk conditioning on deletion polymorphism. c Meconium ileus risk conditioning on rs62473563. d Meconium ileus risk conditioning on both rs62473563 and
deletion polymorphism.

Figure S 7. PRSS1 and PRSS2 expression from 69 pancreas tissue samples. Raw data sourced from (4) which uses data from three studies (red circles are from "PAGER"
study, green triangle from "PITT" and blue square from "PSU" study). RNA for PRSS1 and PRSS2 was quantified and association was demonstrated between rs1027369
and PRSS1 expression (p=0.01). PRSS2 expression shows correlation with PRSS1 expression (r²=0.83) and regression between rs1027369 and PRSS2 expression is in
same direction as PRSS1 (p=0.053).
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Supplementary Tables

Site Name Province City Clinic Patients

The Hospital for Sick Children Ontario Toronto Pediatric 190
St. Michael’s Hospital Ontario Toronto Adult 61
Children’s Hospital of Western Ontario Ontario London Pediatric 24
Centre de recherche du CHUM Québec Montréal Adult 55
Québec (IUCPQ-UL) Québec Laval Adult 45
St. Paul’s Hospital British Columbia Vancouver Adult 52
BC Children’s Hospital British Columbia Vancouver Pediatric 23
Foothills Medical Centre Alberta Calgary Adult 9
Alberta Children’s Hospital Alberta Calgary Pediatric 2
University of Alberta Hospital Alberta Edmonton Adult 2
IWK Health Centre Nova Scotia Halifax Pediatric 10
Royal University Hospital Saskatchewan Saskatoon Pediatric 2
Janeway Children’s Health & Rehabilitation Centre Newfoundland St. John’s Pediatric 2

Table S 1. Recruitment sites of the Canadian participants with cystic fibrosis. Participants were recruited into the study from 13 sites spanning seven Canadian provinces.
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Metric MagAttract mean Other methods mean NA12878 Source
(min-max) (min-max)

Linked-reads per molecule 29.5 14.9 45.0 Long Ranger
(15.0-115.0) (9.0-25.0)

10XG gems detected (million) 1.6 1.7 1.6 Long Ranger
(1.3-1.8) (1.4-1.8)

Mean DNA per gem (kb) 562.6 423.2 414.5 Long Ranger
(173.8-726.9) (321.8-535.6)

Mean molecule length (kb) 58.7 18.3 73.4 Long Ranger
(32.6-95.4) (11.0-28.6)

Total number of reads (million) 734.1 890.8 695.4 Long Ranger
(631.4-1272.0) (743.5-1126.0)

Mapped reads (%) 96.1 94.7 96.1 Long Ranger
(92.8-98.0) (92.6-96.2)

Mean coverage 31.3 37.0 29.7 Long Ranger
(26.4-55.8) (31.4-47.6)

Zero coverage (%) 0.54 0.49 0.82 Long Ranger
(0.15-0.98) (0.16-0.92)

Median insert size (bp) 369.4 388.9 325.0 Long Ranger
(298.0-452.0) (375.0-414.0)

PCR duplication (%) 3.1 5.0 2.3 Long Ranger
(1.9-6.4) (3.4-7.1)

Genes >100kb phased (%) 98.8 91.3 98.9 Long Ranger
(95.8-99.5) (81.1-96.5)

Phased blocks 2445 17072 2237 WhatsHap
(927-5958) (8530-30415)

Longest phase block (Mb) 21.4 4.1 33.6 Long Ranger
(7.5-87.8) (1.6-6.9)

Phase block N50 (Mb) 4.4 0.5 5.0 Long Ranger
(1.3-19.3) (0.2-0.9)

Mean variants per block 1426.3 215.3 1522.8 WhatsHap
(522.3-4415.7) (93.3-358.1)

Variants called (millions) 5.7 5.5 6.0 WhatsHap
(5.3-7.3) (5.4-5.6)

Heterozygous SNPs (millions) 2.9 2.8 3.0 WhatsHap
(2.5-3.9) (2.7-2.9)

Phased SNPs (millions) 2.5 2.5 2.6 WhatsHap
(2.2-3.5) (2.2-3.5)

Short deletion calls 4659 4817 4528 Long Ranger
(4172-5319) (4624-5103)

Table S 2. Genome-wide metrics for 10XG phasing. Comparison of metrics between CCGMS samples extracted using MagAttract (n=463), other DNA extraction methods
(n=14) and publicly available sample NA12878 (5). Values were calculated and reported by either WhatsHap (6) or Long Ranger (7) as specified
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Gene Symbol Variant ID rsID p-value NES
PRSS2 chr7_142770582_A_G_b38 rs2855983 8.80E-08 0.29
PRSS2 chr7_142776167_A_AT_b38 rs1426115328 9.20E-08 0.29
PRSS2 chr7_142776421_A_T_b38 rs2014445 9.20E-08 0.29
PRSS2 chr7_142778093_C_A_b38 rs2734218 9.20E-08 0.29
PRSS2 chr7_142778351_G_A_b38 rs2734219 9.20E-08 0.29
PRSS2 chr7_142762725_G_A_b38 rs3752404 1.40E-07 0.29
PRSS2 chr7_142800425_T_C_b38 rs1800907 5.30E-08 0.28
PRSS2 chr7_142756070_C_A_b38 rs2855972 2.90E-07 0.27
PRSS2 chr7_142748102_A_G_b38 rs9969188 3.70E-07 0.27
PRSS2 chr7_142762093_C_G_b38 rs12534595 7.40E-07 0.27
PRSS2 chr7_142753427_T_C_b38 rs10231771 7.90E-07 0.27
PRSS2 chr7_142779536_A_G_b38 rs2734221 8.50E-07 0.27
PRSS2 chr7_142775307_A_G_b38 rs151340166 1.00E-06 0.27
PRSS2 chr7_142749281_A_C_b38 rs4726576 3.00E-07 0.26
PRSS2 chr7_142754822_C_G_b38 rs4726577 4.10E-07 0.26
PRSS2 chr7_142749077_T_C_b38 rs10273639 4.30E-07 0.26
PRSS2 chr7_142753014_T_C_b38 rs6667 4.30E-07 0.26
PRSS2 chr7_142751439_C_T_b38 rs3857776 8.80E-07 0.26
PRSS2 chr7_142776921_T_C_b38 rs13242405 3.10E-06 0.26
PRSS2 chr7_142801003_T_C_b38 rs1799887 2.90E-07 0.25
PRSS2 chr7_142796922_C_G_b38 rs2071361 1.90E-06 0.25
PRSS2 chr7_142795717_A_G_b38 rs6961499 2.90E-06 0.25
PRSS2 chr7_142767091_C_T_b38 rs10952532 4.40E-06 0.25
PRSS2 chr7_142797624_G_A_b38 rs56352733 4.60E-06 0.25
PRSS2 chr7_142773135_A_G_b38 rs2075544 4.70E-06 0.25
PRSS2 chr7_142789018_T_C_b38 rs2367487 7.10E-06 0.25
PRSS2 chr7_142766134_C_T_b38 rs2886990 7.20E-06 0.25
PRSS2 chr7_142785121_T_C_b38 rs3114486 8.80E-06 0.25
PRSS2 chr7_142768299_C_G_b38 rs2734213 1.00E-05 0.25
PRSS2 chr7_142774654_A_C_b38 rs2855985 9.30E-06 0.24
PRSS2 chr7_142775024_G_A_b38 rs151339640 9.30E-06 0.24
PRSS2 chr7_142776778_A_C_b38 rs2734217 9.30E-06 0.24
PRSS2 chr7_142766103_G_A_b38 rs2367484 1.40E-05 0.24
PRSS2 chr7_142762842_G_C_b38 rs10952531 1.50E-05 0.24
PRSS2 chr7_142763495_G_A_b38 rs56225909 1.50E-05 0.24
PRSS2 chr7_142764751_T_A_b38 rs4726582 1.50E-05 0.24
PRSS2 chr7_142764755_T_A_b38 rs4726583 1.50E-05 0.24
PRSS2 chr7_142800839_T_C_b38 rs1799886 3.70E-06 0.23
PRSS2 chr7_142753685_G_C_b38 rs1811090 1.20E-05 0.23
PRSS2 chr7_142760340_G_C_b38 rs1969595 1.40E-05 0.23
PRSS2 chr7_142761342_A_G_b38 rs13225332 1.60E-05 0.23
PRSS2 chr7_142765588_C_G_b38 rs13229600 1.60E-05 0.23
PRSS2 chr7_142765617_G_A_b38 rs13228878 1.60E-05 0.23
PRSS2 chr7_142768623_A_C_b38 rs2855981 2.20E-05 0.23
PRSS2 chr7_142761494_C_T_b38 rs11765409 2.90E-05 0.23
PRSS2 chr7_142765247_C_T_b38 rs34500324 2.90E-05 0.23
PRSS2 chr7_142765339_C_T_b38 rs4726588 2.90E-05 0.23
PRSS2 chr7_142765565_A_AT_b38 rs71522195 2.90E-05 0.23
PRSS2 chr7_142765615_C_T_b38 rs13229701 2.90E-05 0.23
PRSS2 chr7_142762515_T_C_b38 rs11770572 5.60E-05 0.23
PRSS2 chr7_142801129_G_A_b38 rs1042955 8.00E-06 0.22
PRSS2 chr7_142765189_G_T_b38 rs4726585 3.10E-05 0.22
PRSS2 chr7_142765191_A_T_b38 rs4726586 3.10E-05 0.22
PRSS2 chr7_142779935_C_T_b38 rs2855990 6.00E-05 0.22
PRSS2 chr7_142780026_T_C_b38 rs2734222 6.00E-05 0.22
PRSS2 chr7_142753697_A_G_b38 rs1811091 2.90E-05 0.21
PRSS2 chr7_142746804_A_C_b38 rs11761222 7.30E-05 0.21
PRSS2 chr7_142754721_A_G_b38 rs1985888 7.50E-05 0.21
PRSS2 chr7_142809001_T_C_b38 rs762691 5.80E-05 0.2
PRSS2 chr7_142747676_A_G_b38 rs3757378 8.40E-05 0.2
PRSS2 chr7_142747687_T_C_b38 rs3757377 8.40E-05 0.2

Table S 3. Significant pancreas eQTLs for PRSS2 reported by GTEx v8 (1). NES=Normalized effect size
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