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Genome-wide association identifies diverse causes of
common variable immunodeficiency
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Background: Common variable immunodeficiency (CVID) is a
heterogeneous immune defect characterized by
hypogammaglobulinemia, failure of specific antibody
production, susceptibility to infections, and an array of
comorbidities.
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Objective: To address the underlying immunopathogenesis of
CVID and comorbidities, we conducted the first genome-wide
association and gene copy number variation (CNV) study in
patients with CVID.

Methods: Three hundred sixty-three patients with CVID from
4 study sites were genotyped with 610,000 single nucleotide
polymorphisms (SNPs). Patients were divided into a discovery
cohort of 179 cases in comparison with 1,917 control subjects
and a replication cohort of 109 cases and 1,114 control
subjects.

Results: Our analyses detected strong association with the
MHC region and association with a disintegrin and
metalloproteinase (ADAM) genes (P combined = 1.96 X 1077)
replicated in the independent cohort. CNV analysis defined 16
disease-associated deletions and duplications, including
duplication of origin recognition complex 4L (ORC4L) that was
unique to 15 cases (P = 8.66 x 107'%), as well as numerous
unique rare intraexonic deletions and duplications suggesting
multiple novel genetic causes of CVID. Furthermore, the 1,000
most significant SNPs were strongly predictive of the CVID
phenotype by using a Support Vector Machine algorithm with
positive and negative predictive values of 1.0 and 0.957,
respectively.

Conclusion: Our integrative genome-wide analysis of SNP
genotypes and CNVs has uncovered multiple novel susceptibility
loci for CVID, both common and rare, which is consistent with
the highly heterogeneous nature of CVID. These results provide
new mechanistic insights into immunopathogenesis based on
these unique genetic variations and might allow for improved
diagnosis of CVID based on accurate prediction of the CVID
clinical phenotypes by using our Support Vector Machine
model. (J Allergy Clin Immunol 2011 ;uu8:uun-mEN,)

Key words: Primary immunodeficiency, common variable immuno-
deficiency, antibody deficiency, genetics, genome-wide association,
copy number variation, immunodiagnostics

Common variable immunodeficiency (CVID) is manifested by
insufficient quantity and quality of immunoglobulin, leading to
susceptibility to bacterial infections.! CVID is a primary immu-
nodeficiency disease because it is believed to result from intrinsic
deficits affecting immunologic functions. CVID is heteroge-
neous, can present early or later in life, and is associated with spe-
cific comorbidities.” Efforts to subcategorize CVID to predict
outcomes and comorbid conditions both clinically and based on
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Abbreviations used
ADAM: A disintegrin and metalloproteinase
CNV: Copy number variation
CVID: Common variable immunodeficiency
GWAS: Genome-wide association study
LIP: Lymphoid interstitial pneumonitis
ORC: Origin recognition complex
SNP: Single nucleotide polymorphism
SVM: Support Vector Machine
TACI: Transmembrane activator and calcium modulator and
cyclophilin ligand interactor

immunologic phenotypes are ongoing.’ B cell-activating factor
of the TNF family receptor,4 transmembrane activator and
calcium modulator and cyclophilin ligand interactor (TACI),>”
and certain HLA haplotypes®” have been identified as potential
gene candidates for susceptibility to CVID. Inducible costimula-
tor,'%!'" CD81,'2 CD19,"*'* and CD20"3 harbor disease-causing
mutations that presently explain only a small percentage of
cases.'® The heterogeneous presentations of patients with CVID
complicate clinical management, and searches for novel genetic
predictors of disease or comorbidity have been of limited success.

Genome-wide single nucleotide polymorphism (SNP) arrays
have enabled high-throughput genotyping of genomic DNA with
tagging of the whole genome based on linkage disequilibrium.
Given both intensity and genotype content, copy number varia-
tions (CNVs) can also be detected with the same genome-wide
association study (GWAS) platforms and are predicted to be
responsible for generation of rare phenotypes. We genotyped 363
CVID cases and 3031 healthy control subjects on the Illumina
Infinium HumanHap610K BeadChip (Illumina, San Diego, Ca-
lif). We sought to associate SNPs and CNVs with CVID, as well
as with the characteristic clinical subphenotypes of this syn-
drome, to address disease heterogeneity. Our hypothesis was that
although complex, CVID is sufficiently genetically distinct from
the healthy population to allow genetic prediction of this
uncommon but clinically relevant disease.

METHODS

Patients

The diagnosis of CVID was established in concordance with existing
diagnostic criteria.'®!” All patients were enrolled in institutionally approved
research protocols to enable genetic analysis and collection of clinical data.
Subsets of the patients reported here have been previously included in pub-
lished studies.>'®"®

lllumina Infinium assay for SNP genotyping and

CNV discovery

We performed high-throughput, genome-wide SNP genotyping with the
InfiniumII HumanHap610 BeadChip technology at the Center for Applied
Genomics at the Children’s Hospital of Philadelphia. The genotype data con-
tent together with the intensity data provided by the genotyping array provides
high confidence for CNV calls. Importantly, the simultaneous analysis of in-
tensity and genotype data in the same experimental setting establishes a highly
accurate definition for normal diploid states and any deviation from the norm.
To call CNVs, we used the PennCNV algorithm,?® which combines multiple
sources of information, including log R ratio and B-allele frequency at each
SNP marker, along with SNP spacing and population frequency of the B allele
to generate CNV calls. Rare recurrent CNVs were the focus of our study.
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CNV quality control

We calculated quality control measures on our HumanHap610 GWAS
data based on statistical distributions to exclude poor-quality DNA samples
and false-positive CNVs. The first threshold is the percentage of attempted
SNPs that were successfully genotyped. Only samples with call rates of
greater than 98% were included. The genome-wide intensity signal must
have as little noise as possible. Only samples with an SD of normalized
intensity (log R ratio) of less than 0.35 were included. All samples must
have white ethnicity based on principle components analysis, and all other
samples were excluded. Furthermore, case and control matching was
ensured by calculating a genomic inflation factor between groups. Wave
artifacts roughly correlating with guanine-cytosine content resulting from
hybridization bias of low full-length DNA quantity are known to interfere
with accurate inference of CNVs. Only samples in which the guanine-
cytosine-corrected wave factor of the log R ratio —0.02 < x < 0.02 were
accepted. If the count of CNV calls made by using PennCNV exceeds 100, it
is suggestive of poor DNA quality, and those samples were excluded. Thus
only samples with CNV call counts of less than 100 were included. Any
duplicate samples (eg, monozygotic twins or repeats on the same patient)
were identified, and as a result, 1 sample was excluded.

Statistical analysis of CNVs

CNV frequency between cases and control subjects was evaluated at each
SNP by using the Fisher exact test. We only considered loci that were
nominally significant between cases and control subjects (P <.05) for which
patients had the same variations that were observed in multiple cohorts or
were not observed in any of the control subjects and were validated with
an independent method. We report statistical local minimums to narrow the
association in reference to a region of nominal significance, including
SNPs residing within 1 Mb of each other. Resulting nominally significant
CNVs were excluded if they met any of the following criteria: (1) residing
on telomere or centromere proximal cytobands; (2) arising in a “peninsula”
of common CNVs arising from variation in boundary truncation of CNV
calling; (3) being genomic regions with extremes in GC content, which pro-
duces hybridization bias; or (4) contributing to multiple CNVs. Three lines of
evidence establish statistical significance: an independent replication P value
of less than .05, permutation of observations, and no loci observed with
control-enriched significance. We used the Database for Annotation, Visual-
ization, and Integrated Discovery (DAVID) to assess the significance of func-
tional annotation clustering of independently associated results into InterPro
categories.

RESULTS

Our CVID case cohort was composed of 223 patients from
Mount Sinai School of Medicine, 76 patients from the University
of Oxford, 37 patients from the Children’s Hospital of Philadel-
phia, and 27 patients from the University of South Florida. The
diagnosis in each case was validated against the European Society
for Immunodeficiencies/Pan-American Group for Immunodefi-
ciency diagnostic criteria.'®

We first evaluated the quality and suitability of the data for a
case-control study. Seven samples had call rates of less than 98%
and were excluded. Based on principle components analysis with
EIGENSTRAT software,21 the cases were stratified into 3 clus-
ters: 288 cases were of confirmed European ancestry, whereas
30 samples were significant outliers from white race and were
omitted from this analysis. A random split of 179 cases was
matched with 1917 white control subjects. We identified an addi-
tional 1114 control samples that clustered well with the balance of
109 white cases used for replication. We excluded subjects with
observed cryptic relatedness of genotypes. For CNV calling, sam-
ples with high noise (SD of log R ratio >0.35) in intensity signal
were additionally removed.
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FIG 1. Case-control allele frequency significance. SNP-based case-control significance is shown in negative
log base 10 genome-wide analysis for (A) discovery- and (B) replication-inclusive CVID cohorts. (C) Subse-
quently, CVID cases with specific disease subphenotypes were compared with CVID cases without the sub-
phenotype. The single-SNP tests are shown as single points. Multiple neighboring SNPs of similar
significance boost confidence in the association, as shown in the strong peak on 6p22.1-p21.32 of the dis-
covery case-control cohort. Conversely, the median significance P value is kept low by minimizing popula-
tion stratification, which minimizes the genomic inflation factor.

SNP association analysis

We first performed a GWAS using the SNP genotype data.
Genotype frequencies were compared between cases and control
subjects by using a x” test statistic applied in PLINK** for SNPs
with an at least 90% call rate and 1% minor allele frequency.
The discovery cohort of 179 cases and 1917 control subjects
yielded a low genomic inflation factor of 1.02783 (Fig 1, A).
The most significant association was to the MHC, with the most
significant SNP, rs3117426, having a P value of 8.62 X 107 '°
(Table I). The second best association was to a locus on 8p21.2
harboring a disintegrin and metalloproteinase 28 (ADAM?2S),
ADAM7, ADAMDECI, and STCI. However, this locus did not
meet genome-wide significance criteria (P = 6.24 X 10~° for
rs4872262) and results, which is in keeping with modest power
from the relatively small sample sizes.

In an attempt to replicate the 8p21.2 locus, we searched for
direction of effects in our independent CVID cohort of 109 cases

and 1114 control subjects (genomic inflation factor, 1.04789;

Fig 1, B). Interestingly, 4 SNPs displayed significance (P <.05)
and allele frequency in the same direction as the discovery cohort,
including rs11207520, rs1194849, rs17790790, and rs4872262
(Table I). When all SNPs contributing to the discovery region
were queried in replication rather than just the most significant
SNP, a total of 8 SNPs displayed significance (P <.05) and allele
frequencies in the same direction as discovery (Table I).

We next addressed the heterogeneity of the CVID phenotype by
assessing the various CVID subphenotypes. On the basis of recent
phenotypic characterization, '®
subgroups within the CVID cohort, including cancer, lymphoma,
lymphadenopathy, nodular regenerative hyperplasia of the liver,
lymphoid interstitial pneumonitis (LIP), bronchiectasis, biopsy-
proved granuloma, gastrointestinal enteropathy, malabsorption,
splenectomy, cytopenias, organ-specific autoimmunity, low IgM
level (<50 mg/dL), low IgA level (<10 mg/dL), low B cell number
(CD19™ cells <1%), and young age at symptom onset (<10 years,

we established 16 distinct clinical
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TABLE I. Most significant associated regions based on genotype association
Count
Region SNPs Distance
genomic top from P P value, SNP, F_A, F_U,
span Gene 1000 exon value SNP A1 FA FU OR replication replication replication replication
chr6:27236785- MHC 110 0 8.62 X 1070 rs3117426 T 0.3268 0.1907 2.061 .0004 rs2156875 0.5734 0.4475
32521295
chr8:23746576- ADAM?2S, 4 0 6.24 X 107° 1s4872262 A 0.0391 0.0107 3.765 0314 154872262 0.0321 0.0135
24681608 ADAM?7,
ADAMDECI,
STCI1
chr7:4270929- SDK1 5 0 470 X 107> 15895710 T 0.2905 0.4003 0.6135 0235 rs4720301 0.3991 0.4793
4287047
chr1:20369369- FLJ32784, 7 0 9.09 X 107 157514144 C 0.2654 0.1808 1.636 2.25E-8 156426636 0.4679 0.2857
20490791 UBXNI10
chr1:59987116- FGGY 2 2458 1.52 X 107* 1511207520 G 0.3994 0.3026 1.533 .0015 rs11207520 0.2569 0.1706
59993733
chr2:65518304- FLJ16124 2 784 520 X 107* 151194849 G 0.3659 0.4614 0.6737 0119 rs1876518 0.3853 0.4744
65520560

Known immunologic function genes are shown in boldface and underlined. Additional details are shown in Tables E7 and E8 in this article’s Online Repository at www.jacionline.org.
Al, Allele 1, which is the minor allele, F_A, frequency of allele 1 in affected subjects; F_U, frequency of allele 1 in unaffected subjects.

TABLE Il. Most significant associated regions based on subphenotype genotype association

Distance
Count from

Significant region P value SNP A1 F A F U OR SNPs Gene Distance exon Subphenotype
chr1:68153970-68161019 229 X 107'° 151926283 C 0.2308 0.01807 16.3 3 AK096081, 0 33408 NRH

AKI124028
chr20:55901032-55985359 321 X 1077 rs8124301 T 04231 0.07631 8.877 5 C200rf85 174030 174030 Malabsorption
chr7:90245135-90245280 1.69 X 107%  rs975004 G 0.3333 0.03953 12.15 2 KIAA0834, 0 12544 Lymphoma

PFTKI1
chr5:156402979-156407976 3.62 X 1078 rs10038271 T  0.7222 0.1877 11.25 2 HAVCRI1 0 651 Lymphoma
chrX:22422160-22428888 571 X 107%  1s5925651 A 03462 0.1386 3.291 3 ZNF645 219665 219665 Bronchiectasis
chr13:101641990-101673539  5.76 X 10™°  rs1336698 G 065 0.168 9.197 6 FGF14 0 69139 LIP
chr1:25735669-25753653 6.02 X 107% 152065970 G 0.06553 0.2411 4.529 5 LDLRAPI 0 0 Low IgM
chr8:101728102-101728344 6.89 X 107% 157815950 G 02133 0.05615 4.559 2 SNX31 0 2334 OSAI
chr8:13834782-13842376 7.62 X 1078 152682665 C 0.1818 0.01394  15.71 3 SGCZ 149368 149368 Low B cells
chrX:152295068-152303019  9.84 X 107% 155987017 A 02143 0.04773 5.442 4 ZNF275 24829 24829 Young age
chr12:2531014-2538733 121 X 1077 rs4765961 C 04737 0.142 5.439 3 CACNAIC 0 0 GI Enteropathy
chrX:30733771-30736604 144 X 1077 1511095197 T  0.1469 0.3431 3.034 2 MAP3K7IP3 18876 18876 Low IgA
chrX:53035117-53039801 1.90 X 1077 1510127016 G  0.3833 0.125 4.351 2 TMEM?29 0 1409 Lymphadenopathy
chrl4: 23168471- 23169215  4.57 X 1077 15222723 C 0.6154 0.1968 6.531 2 DHRS2 0 0 Cancer

Known immunologic function genes are shown in boldface and underlined. Additional details are shown in Table E9 in this article’s Online Repository at www.jacionline.org.
GI, Gastrointestinal; NRH, nodular regenerative hyperplasia of the liver; OR, odds ratio; OSAI, organ-specific autoimmunity.

see Fig E1 and Table El in this article’s Online Repository at
www.jacionline.org).

Differences in genotype frequencies were assigned significance,
and regions with multiple significant SNPs were then scored.
Significant SNP associations were made for all subsets (Table II
and Fig 1, C). The most significant association was observed
with nodular regenerative hyperplasia of the liver on AK096081-
AKI24028 (P = 2.29 X 10~ '°). Lymphoma was associated with
KIAA0834, PFTKI, and HAVCRI, with corresponding P values
ranging from 1.69 X 107® to 3.62 X 10™®. An association was
also observed between LIP and FGF14 and ZNF§I, with corre-
sponding P values of 5.76 X 10~% and 7.70 X 10~ %, respectively.
Organ-specific autoimmunity also associated with SNX31 (P =
6.89 X 10~®), and low IgM levels (<50 mg/dL) in the case subjects
were associated with LDLRAPI (P = 6.02 X 1078).

Finally, patients with CVID manifesting enteropathy and their
resulting subphenotype significance were additionally compared
with patients with inflammatory bowel disease from a previously
reported cohort™ to assess whether specific loci contributed to a

common cause. The SNP rs12889533 was significant in both
the CVID cases with enteropathy and the inflammatory bowel dis-
ease cohort, with allele frequency difference in the same direction
(see Table E2 in this article’s Online Repository at www.
jacionline.org).

CNV analysis

We next performed a CNV analysis, in which rare (<1%) CNVs
were called by using PennCNV.?° We analyzed deletion and du-
plication CNV frequencies of 311 cases and 2766 control subjects
(see Fig E2 in this article’s Online Repository at www.jacionline.
org). We discovered 5 deletions and 11 duplications to be recur-
rent and significantly enriched in the CVID cases compared
with the control subjects (Tables III and IV). In addition, 15 re-
gions were exclusive to CVID cases. The most noteworthy dupli-
cation resided at 2q23.1 and affected multiple exons of origin
recognition complex 4L (ORC4L) that were exclusive to 15 cases,
and were not identified in control subjects (P = 8.66 X 10~ 16 see
Fig E3 in this article’s Online Repository at www.jacionline.org).
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TABLE lll. Most significant CVID-associated regions based on CNV association: deletions

Distance Control
Count from P value, Cases, subjects,
CNV deletion SNPs exon deletion deletion deletion OR Gene MSSM Oxford USF CHOP
chr11:85365857-85381622 5 0 .01 2 0 Infinity PICALM, PICALM 0 2 0 0
variant protein
chr20:57735790-57741780 6 5902 .026 3 4 6.73 PHACTR3 2 1 0 0
chr22:17396663-18417315 270 0 .029 2 1 17.90 ARVCF, COMT, 2 0 0 0
TBX1, others
chr4:10256682-10264316 4 2915 .029 2 1 1790 CLNK 0 1 1 0
chr10:46003146-46042543 8 0 .029 2 1 17.90 DKFZp566K0524, 2 0 0 0
PTPN20A,
PTPN20B

Known immunologic function genes are shown in boldface and underlined. Additional details are available in Table E10 in this article’s Online Repository at www.jacionline.org.
CHOP, Children’s Hospital of Philadelphia; MSSM, Mount Sinai School of Medicine; OR, odds ratio; USF, University of South Florida.

TABLE IV. Most significant CVID-associated regions based on CNV association: duplications

Distance Control
Count from P value, Cases, subjects,
CNV duplication SNPs  exon duplication duplication duplication OR Gene MSSM Oxford USF CHOP
chr2:148396730-148433180 6 0 8.66 X 107 '° 15 0 Infinity ACVR2A, ORC4L 10 5 0 0
chr15:35053039-35063531 6 23146 572 x 107" 19 10 17.93 MEIS2 17 2 0 0
chr7:91789778-91801963 4 0 120 X 107° 12 4 27.71 ANKIBI 9 3 0 0
chr2:163316298-163316595 3 17100 1.00 X 1077 7 0 Infinity KCNH7 6 1 0 0
chr7:87180702-87191931 4 202 7.41 X 1077 7 1 63.67 RPIB9 5 2 0 0
chr19:9256584-9277749 4 0 0.001 3 0 Infinity ZNF699 2 0 1 0
chr4:39190766-39201960 6 0 0.004 3 1 2693 UGDH 1 2 0 0
chr7:18903915-18905725 4 23171 0.009 3 2 13.46 HDACY9 1 2 0 0
chr5:170531269-170536993 4 374 0.01 2 0 Infinity DKFZp666P032, 1 1 0 0
RANBP17
chr7:34685030-34686172 4 4517 0.01 2 0 Infinity AAAI, NPSRI 1 1 0 0
chr1:170400944-170403742 4 26274 0.01 2 0 Infinity DNM3 0 1 1 0

Known immunologic function genes are shown in boldface and underlined. Additional details are available in Table E10 in this article’s Online Repository at www.jacionline.org.
CHOP, Children’s Hospital of Philadelphia; MSSM, Mount Sinai School of Medicine; OR, odds ratio; USF, University of South Florida.

We additionally observed large CNVs captured by 10 or more
SNPs that were exclusive to CVID cases totaling 84 deletions and
98 duplications. (see Table E3 in this article’s Online Repository
at www.jacionline.org). No significant overrepresentation was
observed in the control subjects in this frequency range. Of clin-
ical relevance, 2 patients were newly identified with deletions in
the 22q11 region, suggesting an alternative presentation of the
well-characterized congenital immunodeficiency associated
with this microdeletion. Interestingly, 10 regions of homozygous
deletion were observed exclusively in CVID cases (see Table E4
in this article’s Online Repository at www.jacionline.org).

We next examined the overall CNV burden in cases compared
with control subjects for both exonic CNVs and for large (100 kb)
and rare (<1%) CNVs. We found deletions to be significantly
enriched in the CVID cases when considering CNV observations
on all loci genome wide (see Table ES in this article’s Online Re-
pository at www.jacionline.org). All but 5 of the 182 CNVs exclu-
sive to the CVID cohort were intraexonic. To assess the reliability
of our CNV detection method, we reviewed the B-allele fre-
quency (genotype) and log R ratio (intensity) values of our Illu-
mina data and experimentally validated all the significant CN'Vs
by using an independent method, the Affymetrix Cytogenetics
Whole-Genome 2.7M Array (Affymetrix, Santa Clara, Calif),
which provides high resolution with 400,103 SNP and

2,387,595 CN probes (see Fig E4 in this article’s Online Reposi-
tory at www.jacionline.org).

CVID disease prediction

We used a Support Vector Machine (SVM) algorithm to
determine how well we could predict the CVID phenotype in a
pool of “unknown” samples (see the Methods section in this arti-
cle’s Online Repository at www.jacionline.org). The SVM algo-
rithm was trained on the discovery cohort of 179 CVID cases
and 1917 control subjects. We identified 1000 SNPs from associ-
ation analysis that accurately separated the CVID cases from the
control subjects with 98.7% accuracy overall. When applied on
the independent cohort of 109 cases and 1114 control subjects,
the positive and negative predictive values amounted to 1.0 and
0.957, respectively (Fig 2), suggesting that these markers were ro-
bust in distinguishing the genetic architecture of CVID cases from
that of healthy control subjects.

DISCUSSION

CVID was described more than 50 years ago, but aside from a
small number of recessively inherited genes in a few families and
the more prevalent but poorly understood contribution of
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FIG 2. SVM prediction of CVID status. Plotted are log base 2 SVM scaling
values of cost C (the penalty parameter of SVMs) and v (1/number of
variables) from LIMSVM software. Data were coded as +1 for affected and
—1 for unaffected subjects. Genotype was scaled as follows: AA, 0; AB, 0.5;
and BB, 1. Lines represent modeling with increasing resolution, with the
green line representing the final model solution. The model was generated
by using the discovery cohort and control subjects, whereas the subjects
represented (blue, CVID cases; red, control subjects) were from the sepa-
rate replication cohort.

mutations in TNFRSF'I 3B,5 6724 ther causes have remained ob-
scure. CVID has thus been hypothesized to represent a diverse
collection of genetic lesions resulting in a similar immunologic
phenotype. The MHC region has been associated with a myriad
of complex diseases,” including immune-related conditions®
and CVID.*® MHC was robustly associated with CVID in our
study, further validating the prior work that was not performed
at the genome-wide level.

The SNP genotype association analysis presented here revealed
a suggestive association outside of the MHC region with a locus
encompassing ADAM28, ADAM7, ADAMDECI, and STC1 (P =
6.24 X 107°) that we also replicated in an independent case-
control cohort (P value range = 2.25 X 1072 to .0314). The
ADAM family proteins are zinc metalloproteases involved in
diverse biologic processes, including immune responses. Interest-
ingly, the metallopeptidase MMP27 was also nominally associ-
ated with CVID (P = 1.69 X 10 %). Proteins of the matrix
metalloproteinase family are involved in the breakdown of extra-
cellular matrix to promote routine physiological processes but
might also facilitate disease pathogenesis. Related genes have
demonstrated immunologic function involved in the regulation
of cytokine release, Ty2 immune responses, and specific inflam-
matory processes. ADAM28 is also known as the lymphocyte met-
alloprotease MDC-L, which is expressed on the lymphocyte cell
surface.?” As such, it has been defined as a ligand for 431 integ-
rin, which enables the adhesion of other leukocytes expressing
this integrin. STCI, which is located in the same region, is a
gene that encodes stanniocalcin 1 protein, which is involved in
regulation of calcium, including in antioxidant pathways of mar-
cophages.28 In this light calcium regulation within immune cells
has been previously identified as aberrant in certain samples of
patients with CVID.* UBXN10 might be a compelling candidate
potentially involved in immunopathogenesis of primary antibody
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failure in that it encodes an ubiquitin-like protein, which, in addi-
tion to phosphorylation, has been shown to regulate nuclear factor
kB activity.30 Sphingosine-dependent protein kinase 1 (SDK1) is
important in the survival of alveolar macrophages.”' DEPDCG is
a negative regulator of mammalian target of rapamycin signaling
pathways, and RNA expression levels were found to be signifi-
cantly different between those mice resistant to HSN1 influenza
virus and those that were susceptible.32 No significant associa-
tions in the region of TACI were observed, and subjects with
TACI mutations were not separately identified. We reviewed the
reported amino acid changes and looked up their corresponding
nonsynonymous SNP IDs (see Table E6 in this article’s Online
Repository at www.jacionline.org). No imputation reference files,
including these SNPs, were available to infer genotypes.

‘We additionally performed an SNP genotype association to the
particular features of CVID to define potential common mecha-
nistic links among the specific clinical and immunologic variants
to potentially enable the prediction of CVID clinical phenotypes.
Significant individual associations were made with all CVID
variables studied (Table II). In this regard PFTKI is a member of
the CDC2-related protein kinase family found to be constitutively
expressed at high levels in B-cell lymphomas®> and also found to
be associated with lymphoma in the subjects with this complica-
tion. Interestingly, SNPs in HAVCR1, which is also associated in
the same subjects (P = 3.62 X 10~®), are genes that play a role in
Ty cell development and the regulation of asthma and allergic dis-
eases.>* FGF14, which is associated with LIP and low IgA levels,
is a member of the fibroblast growth factor family, which has cru-
cial roles in embryonic development, cell growth, morphogene-
sis, tissue repair, tumor growth, and invasion.>> SNX31, which
is associated with organ-specific autoimmunity, is a sorting nexin
that might be involved in protein trafficking; SNX family proteins
are subunits required for CD28-mediated T-cell costimulation.*®

Although these SNP association results are not powered for
definitive conclusions, the CNV association analysis uncovered
several novel genes that were significantly associated with CVID.
In fact, 84 CNV deletions and 98 duplications were identified in
1 or more patients with CVID but were not found in any of the 3031
control subjects. Most were intraexonic and thus likely to disrupt
the genes involved. Some of the genes potentially affected by the
identified CNV were also discovered in the GWAS part of this
study. Many others have direct or potential relevance to the immune
system, and many were unique to individual patients, thus under-
scoring the great mechanistic diversity that is likely to underlie this
collection of disorders, which is also reflected in the variability in
clinical presentation and disease natural history.! Among those, we
noted a highly significant number of subjects with duplications in
ORCH4L, a gene previously associated with B-cell lymphoprolifer-
ative disorders.”” This gene is essential for initiation of DNA
replication and potentially in rapidly proliferating immune cells.

In addition to the potential of these findings to provide
mechanistic insight into how CVID and its subphenotypes arise,
we used SVM to exploit the overall genetic uniqueness of
patients with CVID compared with healthy control subjects.
These results suggest that the genetic signatures of the disease
might also allow for accurate prediction of CVID based on
genetic profiling. This has the potential to greatly improve the
clinical management of the CVID and address a major unmet
need in the field of primary immunodeficiency. By using current
diagnostic criteria, diagnostic delay of multiple years can
occur’® which can in part be because of the evolving
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immunoglobulin phenotype.*® This can lead to repeated infec-
tion and irreparable organ damage during the period of diagnos-
tic delay. The ability to determine increased likelihood for CVID
at the time of initial clinical suspicion could allow for improved
intervention and reduced morbidity.

This study represents the first genome-wide population-based
study of CVID. The use of the relatively large cohorts of this rare
disorder assembled here was essential both to discover and
confirm the findings and demonstrates the potential of genome-
wide association in complicated polygenic rare diseases. This
type of unbiased study has discovered many novel loci that
might underlie the development of CVID. It can provide clues to
the pathogenesis of the heterogeneous clinical complications and
subtypes of CVID, providing a solid foundation for further
studies to understand the mechanism, interplay, and clinical
manifestations of CVID, with the immediate potential of
improving clinical management through enhanced diagnosis.
Finally, the great diversity of genetic findings identified with
regard to unique CNVs substantiates the hypothesis that CVIDs
are a collection of diverse mechanisms leading to complex
phenotypes.

We thank the clinical immunology and laboratory immunology staff in
Oxford and Li Zhang, who prepared DNA at Mount Sinai Medical Center.

Clinical implications: We define CVID as a genetically heteroge-
neous condition through genome-wide analysis. Patients with

CVID can be distinguished from healthy subjects by using
multiparameter predictive algorithms that could prove useful
in facilitating diagnosis.
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METHODS

SVM method for possible prediction of CVID status
and development of complications based on a
targeted SNP panel

An SVM is a decision-based prediction algorithm that can classify data into
several groups. SVM is based on training data mapped to a higher dimensional
space and separated by a plane defining the 2 classes of data, followed by a
testing stage in which status is predicted based on the model and compared
with known status to test the accuracy.®' The implementation of SVM used is
LIBSVM software.*>** Genome-wide SNP microarrays provide 610,000
genotypes that tag the genome in an unbiased way without the need for a prior
hypothesis concerning candidate genes. Classical genome-wide association
methods evaluate single-SNP significance for differences in allele frequency.
Although successful, the reality that many common complex diseases are
polygenic in cause with epistasis of multiple gene combinations makes an in-
tegrative model using more of the data content more incisive. The application
of SVM to genome-wide SNP data provides a robust framework for clinical
disease prediction to evaluate risk and enact preventative measures, as has
been demonstrated previously for type 1 diabetes.®*

There are 2 components to the data: the target value, which is the
classification of the subject, and the corresponding attributes, which are
more granular characteristics. In the application to CVID, we sought to predict
target values (class labels) as follows: CVID (yes/no), bronchiectasis (yes/no),
and organ-specific autoimmunity (yes/no). This prediction is based on the
attributes (features or observed variables): genotypes for the top 1000 SNPs
previously identified from case-control genome-wide association (top 0.16%
of original data set and all P <.0015).

Phenotype labels were scaled to +1 for affected and —1 for unaffected
subjects. Genotype data are scaled as follows: AA, 0; AB, 0.5; and BB, 1. Data
are mapped to high dimensional space by using the LIBSVM algorithm to
differentiate populations.**"? Iterations of a coarse grid are followed by finer
grids to avoid excessive time expenditure of complete grid search. The SVM is
based principally on 2 variables: cost C (the penalty parameter of SVMs) and -y
(1/number of variables). The SVM type in our application was C-SVM clas-
sification, which runs through iterations of minimizing error functions while
maintaining a hyperplane with maximum margin to avoid overfitting. The ker-
nal function maps attribute data into a higher dimensional space to improve
distinguishing characteristics. The kernel type in this application was a radial
basis function, which is based on distance from an origin. Once the SVM
model is established through training and validated for accuracy with an
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independent dataset in testing, additional data can be mapped and prediction
can be made based on the model.

The SVM approach is a machine learning approach that can map
combinations of genotypes in high dimensional space. The top 1000 signif-
icant SNPs from the discovery case-control genotype association studies were
used as observed characteristics to form a designation decision between CVID
cases and a subject not affected by CVID. The dataset available was separated
into a training set of 179 cases and 1917 control subjects, on which the SVM
model is based. In this training set the case-control label and genotype
attributes guide model formation. In the testing set of an independent 109
cases and 1114 control subjects, only the genotype attributes are supplied to
the model established during training, which then distinguishes cases or
control subjects based on the genotype profile. The simple diagnostic yes or no
question is as follows: On the basis of this person’s genotypes, does he or she
have CVID? The prediction accuracy turned out well, with positive and neg-
ative predictive values of 1.0 and 0.957, respectively.

To demonstrate poor model accuracy based on the same SVM methods, we
ran the training stage with randomized testing data. The bronchiectasis model
applied to random affected labels and random genotypes resulted in a
prediction accuracy of 27.1%. The bronchiectasis model applied to random
affected labels and correct genotypes resulted in a prediction accuracy of
77.1%. The organ-specific autoimmunity model applied to random affected
labels and correct genotypes resulted in a prediction accuracy of 67.7%. Given
these markedly poorer accuracy results from randomized data compared with
our observed data, the confidence that our high success rate is less likely due to
a confounding factor, bias, or error is bolstered. Regardless of assurances
based on the modeling success rate, these results should be taken as
preliminary and will require additional data to reach ultimate application in
clinical settings.
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FIG E1. CVID clinical subphenotypes. The core diagnosis of CVID has many clinical progressions with
varying frequencies. The height and size of subphenotypes signify the frequency of the specific progres-
sion. Given significant SNP genotype associations for each CVID subphenotype progression versus patients
with CVID without the progression, predictions can be made that might improve clinical outcomes. G/, Gas-
trointestinal; OSAI, organ-specific autoimmunity.
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FIG E2. Frequency of deletion and duplication CNVs in cases and control subjects. CNVs are called on a
single sample basis, with deletions and duplications in specific genomic regions based on the genotype and
intensity signal of contiguous SNPs. These single-sample CNV profiles are plotted as an SNP-based statistic
to allow for SNP-based association testing. Lastly, neighboring SNPs with similar significance define a CNV.
Red, Case deletion; blue, case duplication; black, control deletion; purple, control duplication.
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FIG E3. Duplication of ORC4L found exclusive to 15 CVID cases. Vertical blue lines indicate the SNP probe
coverage. Green rectangles delineate regions of CNVs in individual cases. Three exons of ORC4L are shown

duplicated in 15 cases and 0 control subjects. It is likely that the duplications could extend to a larger region
of ORC4L based on coverage.
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FIG E4. CNV validation with lllumina intensity data review and independent array technology with
Affymetrix 2.7M. A, Visual validation of all reported CNV loci by using Illumina Quad 610 intensity data.
Results from visual inspections are provided. The gray rectangle represents normal diploid 2-copy state.
B, Representative experimental validation of 2 of the most significant deletions and 2 duplications by using
Affymetrix 2.7M intensity data at a high resolution. Intensity values are plotted for each region listed on the
basis of samples with CNV calls. C, Experimental validation of all Table Il loci using Affymetrix 2.7M inten-
sity data. Intensity values are plotted for each region listed based on samples with CNV calls. Table Il loci are
labeled with corresponding intensity values for contiguous probes in the genomic region.
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Supplementary Table 1: CVID Subphenotypes and Sample Sizes

CVID

Subphenotype Cases | Controls
Cancer 13 249
Lymphoma 9 253
Lymphadenopathy 30 232
NRH 13 249
LIP 10 252
Bronchiectasis 78 184
Granuloma 34 228
GIEnteropathy 19 243
Malabsorption 13 249
Splenectomy 40 222
Cytopenias 27 235
OSAI 75 187
Low IgM (<50

mg/dL) 206 56
Low IgA (<10

mg/dL) 160 102
CD19 (<1%) 11 251
AgeOnsetSx (<10

yrs) 42 220




Supplementary Table 2. CVID Patients with Gl Enteropathy vs CVID Patients without

Genotype Association Replication in IBD Based on Single SNP Significance

Distanc P_CVID+GIE|All All
SNP Gene nteropathy(llelel F A | F U |OR|P_IBD|elef] F A | FU | OR
e
BD) 1 1
rs6532122| GPRIN3 | 3497 | 0.001204 | A 0'2263 0'394 3.42 9'980E' A |0.0786 0'1207 0'7910
rsl7(214126 coLo | 196 0000368 | T O.gS? O.%35 517 3.165E— T l0.0049 0.213 0.3;60
r3122;8953 Cl4§rf14 19903 | 0.000561 | T 0%31 O.Aéls 0.21 1.2:3E- T l0.3563 0.3;387 0.2273

rs12889533 replicates with allele frequency in the same direction while rs6532122 and
rs17041264 are significant in the opposite direction of allele frequency.



Supplementary Table 3: Large Genic CNVs Impacting Single CVID Cases not Observed in

Controls
A) Deletions Impacting Immune Genes
Count Distance
SNPs From Gene
CNVR Del Singleton Exon
chr4:86650109-
57654708 209 0 ARHGAP24,BC038746, MAPK 10
‘7’2;18%;%57204' 78 0 ADAMTS18,AK026469,BC035731,CLEC3A,KIAA1576, MON1B, WWOX
chr3:74573112-
74866049 66 0 CNTNS
chr19:56625454-
6761712 64 0 LOC729767,SIGLEC12,SIGLEC6,SIGLECS
chr4:103671292- 51 0 AK093356,BDH2,CENPE,CENPE variant
104700248 protein,CR604221,L0C133308, MANBA,NFKB 1, NHEDC1,UBE2D3,UNQ6308,ZCD2
chr14:43997374- 45 o |AX748292BC038722,C140rf106,C140rf155 C14orf28 FANCM,EKBP3 KIAA0423 KLH
46152755 L28,PRPF39
chr6:29844580- 44 0 AK097625,BC035647,HLA-A,HLA-A*0226 HLA-G HLA-
30045812 G2.2,L0C554223,L0C642032,NR_001317,NR_001318,NR_002139
chr2:86695685- 40 o |ANAPC1BC066991,CD8A CD8B,DQ576041,L0C285074 MGC4677,PLGLBLPLGLB
87945980 2,RGPD1,RGPD2,RMND5A,RNF103
chr6:22380732-
22525808 40 0 PRL
AF075059,AGER,AGPAT1,AIF1,AK057104,AL050203,APOM,ATP6V1G2,B3GALT4,B
AT1,BAT2,BAT3,BAT4,BATS5,BF,BRD2,BTNL2,C2,C4A,C4A variant
protein,C60rf10,C60rf21,C60rf25,C60rf26,C60rf27,C60rf31,C60rf47,C60rf48,CFB,CLI
C1,COL11A2,CREBL1,CS266662,CSNK2B,CYP21A2,DAXX,DDAH2,DKFZp313H139,
DKFZp5471194,DKEZp779M0311, DOM3Z,EGFL8,EHMT2,EKBPL,G18.1a,G6E,G6e,G
7¢,G8,GPSM3,HCP5,HLA-DMA HLA-DMB,HLA-DOA ,HLA-DOB,HLA-DPA1 HLA-
DPB1,HLA-DPB2,HLA-DOA1,HLA-DOA2 HLA-DOB1,HLA-DOB2,HLA-DRA HLA-
34 0 DRBLHLA-
DRB5,HSD17B8,HSPA1A HSPA1B,HSPALL,LOC401252,L.SM2,LST1LTA,LTB,LY6
G5B,LY6G5C,LY6G6C,LY6G6D,MCCD1,MEGT1,MICA,MICB,MSH5,NCR3,NEUL,NF
KBIL1,NG36/G9a,NOTCH4,NR_002742,NR_002745,NR_002812,NR_002971,NR_003
140,PBX2,PFDN6,PP199,PPT2,PRRT1,PSMB8,PSMB9,RAGE,RDBP,RGL2,RING1,R
chr6:31465923- NF5,RP,RPS18,RXRB,SKIV2L,SLC39A7,SLC44A4,STK19, TAPL TAP2 TAPBP,TNF,T|
33432505 NFa, TNXB,VARS,VPS52,WDR46,ZBTB12,ZBTB22
ADD2,AF090102,ANKRD53,ATP6V1B1,CD207,CLEC4F,FIGLA, KIAA1155 MCEE,MP
chr2:70616413- 30 0 HOSPH10,N-Acetylglucosamine
71523501 kinase,NAGK,NP220,0R7E91P, TEX261, TGFA,VAX2,ZNF638
chr8:95257759- o8 o |AF086017,AX747981,C80rf38 CCNE2,CDH17 DPY19L4 FSBP,GEM,INTS8 KIAAL429
96161427 ,RAD54B,RBM35A, TP53INP1,p53DINP1
chr1:184639488-
185615001 24 0 Clorf27,PDC,PLA2G4A,PTGS2
chr4:124486894-
175137357 21 0 AL833449,BC053945,SPRY1
chr1:226522770-
926673588 20 0 KIAA1556,KIAA1639,0BSCN, TRIM11, TRIM17
chr21:14806346-
14824349 17 0 HACS1,SAMSN1
chr7:84542383-
84633646 16 0 SEMASD
chr4:162635366-
163113553 15 0 ESTLS
AK090553,AK098175,AK131520,AX748287,BC041923,BC045755,CADM4,CR593740
15 o |DKFZp564H1322,FLJ12886,HZF19,HZF6 IRGC KCNN4,LYPD5 PLAUR ZNF155, ZNF
chr19:48834611- 221,ZNF222,ZNF223,ZNF224,ZNF225,ZNF226,ZNF227,ZNF228,ZNF229,ZNF230,ZN
49626859 F233,ZNF234,ZNF235,ZNF284,ZNF285A, ZNF404,ZNF45
gg;‘ggggg%%' 14 0 AK123890,CR605611,KIAA1680,MGC48628, MMRN1,SNCA
chr6:138020053-
138532047 14 0 AK124173,PERP,INFAIP3
chr7:30225447- 14 o |AK096056,AK096687,AK097240,AL137445,BC016976,BC041636,BX648714,C70rf24,
30798217 CR595731,CRH2R,CRHR2,FLJ22374,GARS,INMT,NOD1,NR_002186,ZNRF2
chr12:55685282- 14 ARHGAP9,AVIL,BAGALNT1,BC019026,BC033961,BC073932,CDK4,CENTG1,CR625
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56515644 050,CS444342,CTDSP2,CYP1,CYP27B1,DCTN2,DDIT3,DTX3,FAM119B,G43318,GE
FT,GLI1,INHBC,INHBE,KIAA0286,KIAA1002,KIF5A,LRP1,MARCH9,MARS,MBD6,ME
TTL1,MYO1A,NAB2,NDUFA4L2,NXPH4,0S9,PIP5K2C,R3HDM2,RGL1,SHMT2,SLC2

6A10,STAC3,STAT6,TAC3,TSFM, TSPAN31,ZBTB39,ZNEUROK1
chr16:86267434- AK126852,AX747795,BANP,CA5A,DKFZp434G0522,FLJ00104,JPH3,KLHDC4,SLC7
14 0

86992013 A5

chr2:179266611-

179839804 13 0 AK123298,CR624402,FLJ39502,SESTD1,TTN

chr3:95106214-

95125111 12 0 PROS1

chr2:36745429- 11 0 AK001814,BC017652,CCDC75,CEBPZ,EIF2AK2, HEATR5B,KIAA1414,PRKD3,PRO1

37640775 853,QPCT,STRN,SULT6B1,VIT

chr4:151504432-

151570906 11 0 DKFZp686K03100,LRBA

chrl11:127094060-

128138864 11 0 AX747861,BC039676,DKFZp686D0662,ETS1,FLI1

AK096192,BAI
2,BAI2,BC069257,BC111382,BSDC1,C10rf90,C10rf91,CCDC28B,COL16A1,CR60110
10 0 0,DCDC2B,DKFZp564C2082,DKFZp686B09139,EIF3S2,HDAC1,IQCC,KHDRBS1,KP
chr1:31912222- NAG6,LCK,LOC339483,MARCKSL1,PTP4A2,SPOCD1,TMEM39B,TSSK3,TXLNA,UNQ

32647867 548

chr3:106447305-

107177994 10 0 ALCAM,CBLB,Nbla00127

chr6:161278798- .

161959701 10 0 AGPAT4,C60rf59,L PAAT-delta, MAP3K4,MTK1,PARK2,parkin

chr7:24205709-

24955079 10 0 DFNAS5,ICERE-1,KIAA0704,MPP6,NPY,OSBPL3

B) Deletions Not Impacting Immune Genes

Count Distance
SNPs From Gene

CNVR Del Singleton Exon

chr3:163785970-

165636507 94 0 BC073807,LOC647107

chr2:78159130-

78549747 86 BC024248,BC030125

chr3:7053179-7177909 49 0 GRM7

2251412:;83;42987- 48 AK094117,AK124179,ARHGAP20,DKFZp43410812,FDX1,KIAA1726,NR_001287,RDX
AKO000807,ARNTL2,BC043511,DKFZp56401863,FGFR10P2,KIAA0965,KIAA1230,KL

chr12:27002588- 44 0 HDC5,LOC728858,MDS023,MRPS35,PPFIBP1,PTHLH,REP15,STK38L,SURB7,TM7

28111983 SF3

chr6:97170276-

97625708 39 0 C6orf66,FHL5,GPR63,KIAA1900,KLHL32

chr6:163188894-

163315053 35 33591 PACRG

2321667:3324870- 35 0 ATF7IP2,DKFZp666E123,DQ587956,0Q595173,GRIN2A,U07199

chr7:64220284-

64795508 34 0 AKO057766,D0Q596928,FLJ25037,L0C441242,ZNF92

chr5:90035491-

00386715 33 0 GPR98,KIAA0686,VLGR1

chr3:37578530-

37705809 32 0 ITGA9

chr6:38413748-

38630608 32 0 BTBD9

chr20:51844911-

51931244 28 0 NR_002189

2%1157:2‘71255702' 26 0  |BNIP2,CCNB2,DKFZp761D081,FAM8LA,GCNT3,GTF2A2,LDHAL6B,MYOLE,RNF111

chr15:54225066-

54550705 24 0 MNS1,TEX9

chrl7:3128134-

3194433 23 0 OR3A1,0R3A2,0R3A4

chr7:7480856-7819889 22 AK027125,C0OL28,COL28A1,FLJ20323,RPA3

chr10:94222227-

04754640 22 0 EXOC6,HHEX,IDE,KIF11




chr14:91502061-

1566101 21 0 TRIP11,Trip230
2252;2‘3238844' 19 0 COX7A2L,EML4,HAAO,KCNG3,MTA3,0XER1
20035543 19 0 BX538073
ggglg‘;ggg‘“‘s” 19 0 BTBD7,C140rf130,COX8C,KIAAL409,PRIMAL
(1:2;22:12(32841- 18 0 AX747684,FAMSAA
oo |y | o
Chrs:99229541- 16 0 CR749263,0R5AC2,0R5H1,0R5H14,0R5H15
igrﬁig%gi%m' 15 0 FLJ41821
15 o, | DKFZp58612219,DQ581767,0Q583133, DQ584082,DQ585713, DQ589421,DRD5,SLC
chr4:9136858-9881191 2A9,WDR1
ig;‘g%gggg%% 15 0 INTU,SLC25A31
chro 1098794 15 0 C90rf39,RP11-340N12.1
o oo 902968- 15 0 C140rf39,5IX6
22212853382313' 15 0 AF301223, TTMA
‘2’2;18%23204120' 15 0 AK022793,BC038574,BC043213,ZNF91
Zg;lozéiggsozlo- 14 0 GLT8D3,PDZRN4
chr19:19759149- 1 , | CR593334,CR614976,DKFZp761G18121 FLI44894,NR 003128, ZNF253, ZNF486,ZN
20368239 F506,ZNF682,ZNF90,ZNF93
Oni2.98228529- 13 0 DKFZp434J0326,DKFZp45110318,MGC26733
ig;ﬁ%ggggggg} 13 0 AL080192,B3GALT1,BC035245,LASS6,NOSTRIN,STK39
O 22003503 13 0 CR607430
‘iggigggg“ﬁs' 13 0 AK021888,BC034788,FBXL17,FER,MAN2AL,PIA2
‘23224523224915' 12 0 KCNIP4
chro 15216 12 0 ADAMTS2,BX648737,CR598488,GRM6,ZNF354C,ZNF454,mGIUR6
‘;221375?%59021' 12 0 APPBP2,BCAS3,C170rf64,132131,PPM1D,USP32
O 00137564 12 0 BC036306
ggrssl:ggggsglg- 11 11209 EGFLAM
‘igrzsl:éi?;‘:”ow' 11 0 PHACTR1,RPEL
gg%ii’ggs‘q’%' 10 0 TMPRSS11E
Zgg‘;ﬁg?”gz' 10 0 AK024257
igr21815:615%224056- 10 0 DYNC2H1
ey | 5 |
2%1321:%?17725' 10 0 TUBA1A TUBA1B, TUBAILC
82;17"'1:23371250' 10 0 GPHBS5,PPP2R5E,RHOJ
32217%3;246103' 10 0 CHD2,DKFZp781D1727,L0C400451




C) Duplications Impacting Immune Genes

Distance
_ g%%nst From Gene
CNVR Dup Singleton Exon
ACP5,ACSBG2,ADAMTS10,AF019226,AF075036,AF161365,AK056073,AK097685,A
K124717,ALKBH7,ANGPTL4,ANGPTL6,ANKRD25,ANKRD47,AP1M2,ARHGEF18,AS
AH3,ATG4D,AX747405,AX747599,AX748210,AY203940,BC007593,BC014506,BC02
9904,BC033124,BC039523,BC042816,BGR,C190rf39,C190rf45,C190rf52,C190rf59,C
3,CAPS,CARM1,CCL25,CD209,CD320,CD70,CDC37,CDKN2D,CLEC4G,CLEC4AM,CL
PP,CNN1,COL5A3,CR598956,CRB3,CTXN1,DENND1C,DKFZp547H118,DKFZp564K
0223,DKFZp56401762,DKFZp666A071,DKFZp66702312,DKFZp761J1410,DKFZp76
1K0816,DNM2,DNMT1,DOCK6,ECSIT,EDG5,EDGS8,EIF3S4,ELAVL1,ELAVL3,ELOF1,
EMR1,EMR4,EPOR,EVI5L,FBN3,FBXL12,FCER2,FLJ00153,FLJ11286,FLJ12949,FLJ
20079,FLJ22184,FLJ25758,EUT3,FUT5,FUT6,GPR108,GTF2F1,HNRPM,HSZFP36,IC|
AM1,ICAM3,ICAM4,ICAM5,ILF3,INSR,KEAP1,KHSRP,KIAA0521,KIAA1395,KIAA151
897 0 8,KIAA1543,KIAA1588,KIAAL1776,KIAA1978,LASS4,LDLR,LOC126075,L0C162993,L
0C388503,L0C401898,L0C440508,LOC55908,LPPR2,LRRC8E,MAP2K7,MARCH2,
MBD3L1,MBD3L2,MCOLN1,MGC19604,MGC20983,MGC33407,MKK7 ,MLLT1,MRPL
4,MUC16,MYO1F,MYO1F variant
protein,NDUFA11,NDUFA7,NRTN,OLFM2,0R1M1,0R2Z21,0R7D2,0R7D4,0R7E24,0
R7G1,0R7G2,0R7G3,P2RY11,PCP2,PDE4A ,PEX11G,PIN1,PNPLA6,PPAN,PPAN-
P2RY11,PRAM1,PRKCSH,PSPN,QTRT1,RAB11B,RAB3D,RANBP3,RAVER1,RDHS,
RETN,RFX2,RGL3,RPS28,SH2D3A,SLC25A23,SLC25A41,SLC44A2,SMARCA4,SNA
PC2,SPC24,STXBP2,TIMM44, TMED1,TNFESF14, TNFESF9,TRAPPC5,TRIP10,TSPAN1
6,TUBB4,TYK2,UBL5,UNQ2443,UNQ501,VAV1 VMAC,XAB2,YIPF2,ZNF121,ZNF177
,ZNF266,ZNF317,ZNF358,ZNF414,ZNF426,ZNF433,ZNF439,ZNF440,ZNF441,ZNF49
chr19:5773490- 1,ZNF557,ZNF558,ZNF559,ZNF560,ZNF561,ZNF562,ZNF627,ZNF653,ZNF69,ZNF69
12007370 9,ZNF700,ZNF763,pp10122
AK125038,ASB2,BC016484,BC037859,BC038791,BDKRB2,BTBD7,BX247990,C14o0r
f109,C140rf130,C140rf132,C140rf139,C140rf142,C140rf152,C140rf48,C140rf49,CLMN
,COX8C,CR611440,DDX24,DICER1,FAM14A ,FAM14B,GIG24,GLRX5,GSC,IFI27 KIA
448 0 A0928,KIAA1409,KIAAL1622,MOAP1,NM_207443,NR_001459,NR_003002,0TUB2,P2
7,PRIMA1,SERPINA1,SERPINA10,SERPINA11,SERPINA12,SERPINA13,SERPINA3,
chr14:92664804- SERPINA4,SERPINA5,SERPINAG6,SERPINA9, TCL1A,TCL1B,TCL6,TCL6a1,TCL6d1,
95787550 TML1
ADM,AK000908,AK055772,AK090613,ASCL3,AX747224,BC017787,BC027619,BC06
8088,BC073899,BCA3,C110rf16,C11lorf17,CMT4B2,CR598129,DKFZp451C1317,DKF
315 0 Zp686118166,EIF3S5,IPO7,KIAA0298,KIAA1766,LMO1,MGC10850,NLRP10,NRIP3,N
R_002580,NR_002962,NR_002977,0R10A3,0R10A6,0R5E1P,OR5P2,0R5P3,0VCH
chr11:7678446- 2,RAB6IP1,RIC3,RPL27A,SBF2,SCUBE2,ST5,STK33,SWAP70,TMEM41B, TMEM9B,
10337351 TUB,UB0769,WEE1,ZNF143
AK093430,AK096424,AK125748,AX747578,BIVM,C130rf27,CR616826,DKFZp434L23
chr13:100600344- 197 0 19,ERCC5,FGF14,ITGBL1,KDELC1,LOC196541,RP11-430M15.2-
103567030 003,SLC10A2,TPP2,UNQ1910,VGCNL1
chrl14:65357663-
66177823 159 0 CR594591,GPHN,MGC88374
AKO000709,AK024248,AK097701,AK098126,BC035733,BC070391,CEP170L,DQ5746
chr4:119628184- 158 0 59,DQ575011,DQ575856,DQ576410,DQ582480,DQ599872,FABP2 KIAA0755,KIAAL
120591177 627,L0C401152,MY0OZ2,Myopodin,SEC24D,SYNPO2,USP53
2252232221674 156 0 ABRA,ANGPT1,CR602836,Nbla00307,0XR1,ZFPM2
chr4:113049611- 129 0 ALPK1,C40rf16,C4orf21,C40rf32,CR590073,DKFZp434C0927,FLJ00302,KIAAL527,L
113759418 0C91431,NEUROG2,TIFA
222105332345534' 90 0 | CAPN3,GANC KIAAO770,PLA2GAD,PLA2G4F,SNAP23, TMEM87A VPS39,ZFP106
chr14:43658461- 87 0 AX748292,BC038722,C140rf106,C140rf155,C140rf28,FANCM,EKBP3,KIAA0423 KLH
45064383 L28,PRPF39
chr10:67399581-
69536663 75 0 CTNNA3,DNAJC12,HERC4,LRRTM3,MYPN,SIRT1
chr3:107041527-
108030375 1 0 CBLB
ABCA2,AF161442 AGPAT2,AK023162,AK054908,AK055547,AK090585,AK096249,A
K098241,AK128153,AK128864,AL832276,ANAPC2,AX747706,AY952890,BC015688,
BC032375,BC034456,BC042667,BC043225,BC061888,BC064596,BC092490,BC101
70 0 937,BTBD14A,C8G,C90rf116,C90rf139,C90rf140,C90rf142,C90rf163,C0rf167,Corf7

chr9:137454076-
139460602

5,C90rf86,CAMSAP1,CARD9,CLIC3,COBRA1,CR614579,CR619051,DKFZp434B205,
DKFZp564M173,DKFZp7621052,DPP7,EDF1,EGFL7,ENTPD2,ENTPD8,FAM69B,FBX
W5,FLJ20433,FLJ45224,FUT7,GBDR1,GLT6D1,GPSM1,GRIN1,HBE269,INPP5E,KC
NT1,KIAA0310,KIAA0649,KIAAL1062,KIAA1422,KIAA1984,LCN1,LCN10,LCN12,LCNS,
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LCN8,LCN9,LHX3,LOC389813,LOC389816,LOC401565,L0C441476,LOC728489,MA
MDC4,MAN1B1,MGC14327,MGC59937,MGC61598, MRP-
S2,MRPS2,NDOR1,NOTCH1,NOXA1,NPDC1,NPTlic,NR1,NR_002958,NR_002975,0
BP2A,PAEP,PHPT1,PMPCA,PTGDS,QSCN6L1,RNF208,RP11-100C15.2,RP11-
413M3.10,SDCCAG3,SLC34A3,SNAPC4,SOHLH1,SSNA1, TMEM141, TRAF2,TUBB2
C,UAP1L1,UBADC1,UNQ2492,UNQ2541,UNQ747,hNMDAR1-3b,pp8875,ve-statin

AK056304,ATP9B,AX746671,BC016878,BC017654,BC040056,BX537710,C180rf22,C

chr18:73989470- 60 TDP1,DKFZp434A042,KCNG2,NFATC1, PARD6G,PQLC1,SALL3, TXNL4A,ZNF508,hd
76116152 im1+
ABO ADAMTS13 ADAMTSL2,AJ011378 AK123314, AX748058, BARHLL,C90r166,C9
orf7,C90rf9,C90rf96,C90rf98,CEL, CELL, CR592591,CR593670, DBH,DDX31,EEF1AL,F
54 LJ46082,GBGT1,GFI1B,GTF3C4, GTF3C5,KIAA1308,L0C389827,NR_002783,NTNG2
chr9:134048500- ‘OBP2B RALGDS,REXO4,RPL7A SARDH,SETX,SLC2A6,SURF1,SURF2,SURF4,SU
135886847 RF5,SURF6,TSC1,TTE1,UNQ2513,VAV2 XPMC2H,vWE-CP
ACTRT2,AK021767 AK124865 ARHGEF16,BC114358,C10rf93,CR749717,DQ601700
50 "EAM79A. FLJ42875 HES5,MEGF6,MMEL 1 MORN1,PANK4,PEX10,PLCH2,PRDM16,
chr1:2182293-3539057 RER1,RP3-395M20.1 RP3-395M20.10,RP4-740C4.2,SKI, TNFRSE14,WDR8
chr1:245537326- P AB120962,AK130400,BC034303,C10r150,CIAS1 NLRP3,0R13G1,0R2B11,0R2C3,
245976637 OR2G2,0R2G3,0R2W5,0R5AY 1,0R6F1.ZNFA496
AK093552,AK125397 AV1S3ALT,AV25S1 AV4ST,TCR-[alpha] V 33.L.TCR-
chr14:21582956- 47 alpha, TCRA,TCRAV14.1a TCRAVN1.TCRD.TRA@.V alpha
21976908 immunoglobulin.av27s1.hADV14S1.nADV23S1.hADV29S1,hADV38S2,hDV102S1
chr7:157944418- AX746826,BC041429,BC042556, FAM62B, KIAA1228 NCAPG2,PTPRN2,VIPR2 WDR6
46 VIPRZ
158676623 0
chr19:48498399-
48562727 46 coiry
chr22:34946081-
e a1 APOL1,APOL2,AX747758 MYH9
ﬂgﬂ%gég%%' 40 AFARP1,AX748125 BC023568,BC037540,BC047723,BX648855,LRIG2, SLC16A1
chr2:187993955-
T 39 CALCRL,CED-6,GULP1,TEPI
AK094678, AK126635 AP2A2, AX747537 AX748330,BC031953 BC048998 BCO66355,
BRSK2,C110rf35,CD151,CEND1,CHID1. DEAFL,DKFZp434K249, DRD4,EFCAB4A, EP
a8 S8L2,HRAS, IRF7,KIAA0899,KIAA1542,L RDD,LRRC56 MG1,MUC
5AC,MUC2, MUC5AC, MUC5B,MUC6,MUCDHL,NR_002585,PDDC1,PEN11B,PKP3,P
NPLA2,POL R2L,PTDSS2,RASSF7,RNHL,RPLP2,SCT,SIGIRR, SLC25A22, TALDOL. T
chr11:382079-1386192 MEM16J, TMEM8O.TOLLIP, TSPAN4.tollip
ACTR6,ANKS1B,AX746635,BC048272,BC062763,DEPDC4, DKFZp434M0331,DQ579
chr12:98815353- 37 681,DQ583972,DQ595598,DQ598729, EB-
99473749 1,GOLGA2L1,KIAAO701,NR1H4,SCYL 2,SLC17A8,hAmX
chra:7568079-8105372| 36 ABLIM2,AFAP1,AJ431609,BC043614,KIAA1808,LOC389199, SORCS2
chr14:23995185-
e 30 AK056368,CMAL
ADSS, ADSSL1,AK057986 AK094143 AKTL AX721091, AX746996,BRF.BREL C140rf
151,C1401f173,C140rf2,C140rf78,C 14079, CDCA4,CR602005, DKFZp434N0820, DKF
30 Zp434N178 DKFZp686J02145,GPR132,JAG2, KIAA0284,KIAAO771,KIF26A,LOC3745
chr14:103352857- 69,L0C400258 MGC23270,NUDT14,PLD4,PPP1R13B,SIVAL, TDRD9, TMEM179,UGP
104756910 P
‘;2;167513862981' 23 AFMID,BC036810,BIRC5,EPR-1,SYNGR2, TK1,UNQ464/PRO809,survivin-38
chr13:45066410- 2 AK095119, AK124928,C130r718,CPB2,FLI32682, KIAAOB53,LCP1,LOC220416,LOC28
45918722 3514,RP11-139H14.4-001 RP11-351K3.2-001,SPERT.ZC3H13
chr19:46758119-
vl 21 CEACAM21,CEACAM4,UNQ3098
chr8.6849317-6889488 | 20 AF355799 DEFA3
AK056267 AK128329, AL137301, ARFGAP1 ARFRP1 AX747649 AY940852,BC002534
'BC025345,BC069708,BC127852,BHLHB4. BIRC7,C200rf11,C200rf135,C200rf149,C2
0orf151,C200rf166,C200rf195,C200r20,C200rf58,C200r159, CABLES2, CHRNA4, COL2
0A1,COL9A3,DIDO1,DNAJCS,EEF1A2, FLI00084,FLI00118,FLI30313,GATAS GMEB
2, HRIHFB2281,KCNQ2, KIAA1088,KIAA1269,KIAA1510,L AMAS, LIMEL,LOC198437,N
17 PBWR2,NR_003244,NR_003245 NTSR1,0ATP-E,0GFR, OK/SW-
¢1.69,0PRL1,PRIC285 PRPF6,PRR17,PTK6,RGS19,RP4-
697K14.11,RPS21.RTEL1.SAMD10,SLC2A4RG,SLCO4A1,SOX18,SRMS, STMN3, Si-
1-2-
chr20:60320976- 19, TCEA2, TCFL5, TNFRSF6B, TPD52L2,UCKL1,URKL1,YTHDF1,ZBTBA46,ZGPAT ZN
62223928 F5128
chr2:86924985-
o o2 16 CD8B,RGPD1,RMND5A




chr6:128245227-

128538250 16 0 C60rf190,PTPRK
chr1:111628132-
111661435 15 0 CHIA,RP11-165H20.1
chr7:80041654-
80110504 13 0 CD36
chri2:6085895-
6134080 1 0 VWE
chri2:17854127-
19338878 11 0 CAPZA3,FLJ22655,PIK3C2G,PLCZ1,PLEKHAS
D) Duplications Not Impacting Immune Genes

Count Distance

SNPs | Fom Gene
CNVR Dup Singleton Exon
chr8:430424-977192 189 0 AK128400,BC022082,BC038783,C80rf42,DQ584928,ERICHL,LOC389607
chr10:2682656-
3123648 157 0 PFKP
Chr19:21575835- BC030765,CR936832,FKSG70,ZNF100,ZNF208,ZNF257,ZNF43,ZNF492,ZNF676,ZN

152 0

22802826 F99
Chr6:63118894-
64091007 116 0 GLULD1,LGS
chr2:126935385-
127317174 98 0 GYPC
chr5:169763949-
170518986 96 0 DKFZp666P032,GABRP,KCNIP1,RANBP17
Chr6:1977258-2424512| 92 AJ420566,AK023629,AK091028,CR598484,GMDS
Chri:145196592-
145539979 65 0 BC036212,BCL9,CHD1L
chr3:62813828-
63789968 63 0 BC043407,C30rf49,CADPS,FLJ44379,SYNPR
chr5:172824934-
173106866 62 0 BC033564,FAM44B
chr3:83912925-
84849961 54 0 BC068246
chri1:106523381-
106702850 54 0 CWF19L2
chr7:50911090-
51127086 50 0 COBL
chro:6557841-7007391 | 41 0 AK098534,BC042976,GLDC,JMJID2C,KIAAQ780
chrl7:793231-917163 40 0 ABR,NXN, TIMM22
chr3:148425802-
149211699 39 0 AK098763,ZIC1,ZIC4
chr13:62536330-
64097876 36 0 AKO057471,AK097490,AK098560,BC128161,NR_002171
Chr4:92669000-
94351161 34 0 GRID2,KIAA1680
chr3:11041670-
11154453 33 0 SLC6AL
chr4:141709869-
141939520 33 0 TBC1D9
chr13:113032851-
113140550 30 0 ADPRHL1,GRTP1
Chr2:148947731-
149053581 29 0 KIAA1461,MBD5
chr3:141649121-
141911988 28 0 CLSTN2,TRIM42
chr12:20901315-
21459060 27 0 IAPP,LST-3TM12,LST3,SLCO1A2,SLCO1B1,SLCO1B3
2221122:32276799' 27 0 EP400,KIAA1498,KIAA1818,MMP17,NR_002979,PUS1,SFRS8,ULK1
Chr7:34919485- 6 o |AJ011981,BC049371,BCOBA560,CR593784,CR595224,DPY19L1,DPY19L2P1 HERP
35862821 UD2,KIAA0877,SEPT7,TBX20
chr1:30940148-
31013899 25 0 BC044253,LAPTM5,MATN1
chr4:63433227-
65099386 25 0 SRD5A2L2




chr5:12838251-

13150705 22 0 AY328033

chr6:138653005-

138759016 22 0 KIAA1244

chr1:103111860-

103157198 2 0 COL11A1

Chr6:34836231-

34976532 21 0 ANKS1A,C60rf107,SNRPC, TAF11
APBA2,BC043570,BC070492,BC071630,BC071855,D0Q572986,D0573498,DQ575284

chr15:27167056- 21 0 |,DQ575742,0Q577333,DQ578370,DQ578838,DQ582641,DQ582940,0Q590322,DQ5

28188067 92322,DQ595055,D0596303,D0596319,D0597873,KIAA0574,NDNL2, TIPL,hXIIL

chr2:3287465-3327227| 20 TSSC1

chr10:98101269-

98152781 19 0 TLL2, TMEM10

chr1:79037280-

79973037 18 0 ELTD1

chr4:68749536- 18 o |AK123556,TMPRSS11B, TMPRSSLIE,UGT2A3, UGT2B10,UGT2B15,UGT2B17,UGT2

70089270 B7,YTHDC1

Chr2:27584444- 17 o |AKI24439,BC041993 BC048132 BRE,C20rf16,CCDC121,GCKR MRPL33,RBKS,SLC

28424525 4A1AP,SUPT7L,XAB1,ZNF512

chr2:172356838-

172528561 17 0 HAT1,SLC25A12

chr2:180123158-

180216026 16 0 ZNF533

chr4:15529521-

15552238 15 0 FGFBP1

chr18:14805527-

14905835 15 ANKRD30B

Chr5:1601764-1621442 | 14 0 CR749689

chr10:88722456- 14 AK091716,BC036645,BC047063,BC065757,BC082979,BC092519,CR609725,CR614

89266679 919,FAM35A,GLUD1,KIAA1975, KIAA2020, MINPP1

chr1:225308870-

225407413 13 0 CDC42BPA

chr7:74674968-

74738702 13 0 LOC441257,PMS2L14

chr1:193808000-

194531039 12 0 KCNT2,SLICK

chr2:165344115-

165435694 12 0 COBLL1,KIAA0977

Chr6:123847128-

124726881 12 0 TCBAL,TRDN

chr16:26961662-

26994169 12 0 TNT

chr6:102029392-

102048325 11 | 11862 GRIK2

chr8:11397047-

11414199 1 0 BLK

chr8:27689983-

27745887 11 0 ESCO2,PBK

chr2:77709215-

78761206 10 0 BC024248,BC030125

chrll:5444172-

5454375 10 11939 HBE1,HBG2,0R51B5

chr11:19571323-

19595111 10 | 96377 NAV2

chr18:68553733-

69070964 10 0 BC013370,BC034583,NETO1

chr19:34552727-

34574348 10 0 AK094793
AB000464,AB000465,AB000466,ADD1,AK054619,BC010180,BC032331,C40rf10,C40

10 0 | rfl5,C40rf8,CR622423,GRK4,KIAA1643,MXD4,Mad4,NOL14,POLN,RNF4,SH3BP2, T

chr4:2059850-2960297

ETRAN,TNIP2,ZFYVE28
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Supplementary Table 4. Homozygous Deletions Observed Exclusive to Cases

CNVR CL";‘)Z‘:S Gene Distance | Distance From
fggiggg’;: 0538- 2 CLCP1,DCBLD2 | 327315 327315
ff;i}lslggg 7060- 1 INSIG2 192993 192993
ﬂéﬁff;: 0742- 1 DQ595575 883692 883692
§Q Qﬁﬁﬁ;‘; o914 1 AK098570 247692 247692
;2;2:0136133 s 1 FGF1 0 16953
522355592 o 1 HLA-DRA 4306 4306
;‘Q {3?529122 2152 1 G43499 251536 251536
;;? 12:9797 11 f o914 1 IMPG1 320859 320859
f;éggjfgzl S10t- 1 C60rf190 46336 46336
;:;1%22:2792 77311 1 LMO3,Nbla03267 | 625020 625020
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Supplementary Table 5. Genome Global CNV Burden

Significant Including Common CNV Exonic

Locus Locus Locus Locus
Exonic Non- Exonic Non-
Significant | Exonic Significant | Exonic
Case Case Control Control
Enriched Enriched Enriched Enriched P DifFreq
Deletion 21 61 8 67 0.022628 0.149431
Duplication | 43 173 12 12 0.003336 -0.30093
Rare CNV Exonic
Control
Case CNV | Case CNV | Control CNV Calls
Calls Calls Non- | CNV Calls | Non-
Exonic Exonic Exonic Exonic P DifFreq
Deletion 527 1149 3970 10290 0.002138 0.036038
Duplication | 813 1785 5539 5997 2.45E-55 -0.16722
Rare CNV >100KB Exonic
Control
Case CNV | Case CNV | Control CNV Calls
Calls Calls Non- | CNV Calls | Non-
Exonic Exonic Exonic Exonic P DifFreq
Deletion 136 83 1012 653 0.768312 0.013197
Duplication | 278 146 2263 546 2.46E-11 -0.14996
Samples w Rare CNV >100KB (Impacting gene or not)
Case Control
Case with | without Control without
large rare | large rare | withlarge |large rare
CNV CNV rare CNV | CNV P DifFreqg
Deletion 131 180 1156 1610 0.951669 0.00329
Duplication | 186 125 1391 1375 0.001504 0.095178
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Supplementary Table 6. TACI Protein TNFRSF13B Gene Amino Acid Variant and

Corresponding nsSNP rs 1D

Clinical Report

nsSNP DNA position Alleles AA Change (bold-in reports)
rs34562254 16783716 CIT P (CCC) --> L (CTC) P251L
rs72553886 16783732 GIT V (GTC) --> F (TTC) V246F
rs56063729 16783809 AIG V (GTG) --> A (GCG) V220A
rs56248318 16784408 AIC Q (CAG) --> H (CAT) Q196H
rs72553885 16784417 AIC C (TGC) --> * (TGA) C193X
rs72553883 16784454 AIC A (GCG) --> E (GAG) A181lE
rs72553882 16784504 AIC Y (TAC) --> * (TAA) Y164X
rs72553881 16784541 AIG G (GGG) --> E (GAG) G152E
rs72553880 16792777 AIG A (GCT) --> T (ACT) A149T
rs72553879 16792911 AIG C (TGT) --> Y (TAT) c104Y
rs34557412 16792912 CIT C (TGT) --> R (CGT) C104R
rs72553877 16792962 AT | (ATC) --> N (AAC) 187N
rs72553876 16792986 AIG Y (TAT) --> C (TGT) Y79C
rs55916807 16793007 CIT R (CGC) --> H (CAQC) R72H
rs67951770 16796563 C/G D (GAT) --> H (CAT) D41H
rs67951769 16796563 -IG frameshift D41fx
rs72553874 16796566 CIT W (TGG) --> R (CGG) | W40R
rs72553884 16784425-16784424 -IG frameshift D191G
rs72553878 16792925-16792924 -IT frameshift Q99H
rs34182967 16793004-16793003 -IC frameshift K73R
rs72553875 16793018-16793017 -I1A frameshift S68S
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Supplementary Table 7. Most Significant Associated Regions Based on Genotype

Association
F A
Count| Dist P |Repli| -\ FA|lFU
ount| Dista - -
. Al Replic| ..« |ReplicBestP|BestSNP| = | L~
Region SNPs| nce ation ation . - .|Repli|Repli
4 Gene BestP [BestSNP|el| F A |F_ U n Replic| Replicati ) )
Genomic Span Top [From o1l ~ — | (Discov| ' (Discov| ation on catio | catio
1000 |Exon ery |(Discol™ gpy n n
SNP) | YeIY | sNP)
SNP)
ggggggm%' MHC | 110 | 0 [8.62E-10/rs3117426 | T |0.3268]0.1907| 0.3634 |0.1697| 0.1468 |0.0004 | rs2156875 |0.5734|0.4475
ADAMZS,
chr8:23746576- |ADAMT7.A
s EDAMIA 4 | 0 |6.24E-6|rs4872262| A [0.0391(0.0107(0.03135(0.0321(0.01346( 0.0314 | 4872262 0.0321(0.0135
1,5TC1
igg‘ég?%lml‘ AK095968| 2 | 18764 |1.78E-5|rs1606234 | T 0.2961]0.4124| 0.4646 |0.4266| 0.4524 |0.4646 | rs1606234 |0.4266|0.4524
325180422283830' CDH23 | 2 | 7287 |2.45E-5|rs7087554 | A 0.5894(0.4729| 0.4591 [0.5092| 0.4829 | 0.4591 | rs7087554 [0.5092/0.4829
22;77:3421;0929' SDK1 | 5 0 |4.70E-5| rs895710 | T |0.2905(0.4003| 0.4551 |0.3578| 0.3835 | 0.0235 | rs4720301 [0.3991|0.4793
chr1:20369369- |FLJ32784,
O 20se LISaB 7 0 |9.09E-5 |rs7514144 | C |0.2654|0.1808| 0.3018 |0.1560 0.1311 [2.25E-8| rs6426636 |0.4679(0.2857
gg%%ﬂ;og%o' PTCHD3| 7 0 |9.77E-5| rs506659 | T |0.4022]0.3026| 0.9879 |0.2798| 0.2793 |0.6291 | rs493965 |0.2844|0.3001
22;1523227116- FGGY | 2 | 2458 |1.52E-4 is11207520 G |0.3994|0.30260.00148|0.2569| 0.1706 |0.0015 [rs11207520|0.2569(0.1706
23222242%35676- PPEIA2 | 2 |59900 |1.63E-4 |rs2400955 | T |0.4134(0.3159| 0.8687 |0.3899| 0.3842 |0.5347 |rs10746192|0.43060.4526
222101;3%269786' MMP27 | 2 0 |1.69E-4|rs17099394| T |0.1229]0.0687| 0.6947 |0.0734/0.06643|0.6947 |rs17099394|0.0734|0.0664
‘;rl‘glgﬁﬁéigmm ZFHX3 | 2 |40845|1.80E-4|rs8056528 | C [0.3687(0.2754| 0.3698 [0.3670| 0.3368 | 0.3698 | rs8056528 | 0.367 |0.3368
iggéﬁ;‘;g%%' KLHL38 | 4 | 0 |2.056-4|rsa871402] A |0.0643|0.1325| 0.7201 [0.1009| 0.1088 | 0.3161 | rs7463896 [0.1697(0.1979
‘7’2%352234204' GRM7 | 4 |40865|2.96E-4 rs12491592| A |0.1536(0.0939| 0.5051 (0.0963|0.08318|0.1237 | rs7617297 |0.30730.2592
gggsl:ggsng- BC020876| 2 |129448 3.51E-4| rs359030 | C |0.1648(0.1033| 0.1446 |0.1147|0.08535(0.1139 | rs358994 |0.1055(0.0754
ggge;igggosos- LRRC16A| 2 0 |3.61E-4|rs4320355 | T [0.3799]0.2898| 0.2219 |0.2844| 0.2469 |0.1896 | rs301396 | 0.445 |0.3993
iggéggg?‘m”' MTRFIL | 2 0 |3.81E-4|rs9322400| T 0.4469(0.3526| 0.454 |0.3945| 0.3688 | 0.454 | rs9322400 |0.3945(0.3688
‘2’2;37:‘234363' CHL1 | 2 |19083|4.31E-4 [rs17273893 T | 0.148 |0.0908| 0.6342 |0.0963|0.08678|0.6342 |rs17273893|0.09630.0868
2228&(2)%881793- DEPDC6| 2 0 |4.41E-4| rs869340 | C | 0.324 [0.2402| 0.7402 |0.3073| 0.2966 | 0.682 | rs4871793 |0.3113(0.2978
82;22182238304' FLI16124| 2 | 784 |5.20E-4|rs1194849 | G |0.3659|0.4614|0.01381[0.3899| 0.4771 |0.0119 | rs1876518 |0.3853|0.4744
32;2212:3%13547' BC043580, 2 |19690 |5.51E-4 rsa69709 | A [0.1704/0.1095| 0.9615 [0.09630.09532|0.6677 |rs17631106|0.0688/0.0769
Bold underline: Known immunological function Gene
Supplementary Table 8: Genomic Regions with Multiple SNPs in the 1000 most Significant
Associations
. Distance
Region . CountSNPs
g_ Gene Distance| From BestP BestSNP|F A|F U
Genomic Span Top1000 - -
Exon
chr6:27236785- MHC, Many 0 0 110 8.62E-10 | 153117426 | 0.3268 | 0.1907
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32521295

chr8:23746576-

ADAM28,ADAM7,ADAMDEC1,S

4651608 Teh 0 0 6.24E-6 | rs4872262 |0.03911/0.01069
CRIP3,CUL7, GNMT,
KLC4,KLHDC3,
ooz 10382 gm.ﬁ%ﬁ?gﬁig 0 0 1.22E5 | rs422717 |0.2961|0.1982
7 RPL7LL,SLC22A7,SRF,TBCC,
INRCS, TTBKLUNQ1934.ZNFL
a7 4450- BX248273 584047 | 584047 1.69E-5 | rs6571989 | 0.1927 | 0.115
igg‘éﬁgffg 1181- AK095968 0 18764 1.78E-5 | rs1606234 | 0.2961 | 0.4124
Ohr18:0120908- A2BP1 0 110014 1.85E-5 |rs12924882|0.1313 |0.06915
Ohr2:224512598- FAM124B 110570 | 110570 1.89E-5 | rs4264554 | 0.3184 | 0.4353
22;2;51?239872- PRKCE,SRBD1 0 0 2.12E-5 |rs17322265|0.3408 | 0.4576
o r2083830- CDH23,KIAA1812 0 7287 2.45E-5 | 1s7087554 | 0.5894 | 0.4729
eSSt AK125960 7650 7650 3.25E-5 | rs3771781 | 0.3184 | 0.4319
(5:2[)2803:28279605_ BMP7 95559 95559 4.44E-5 | rs6127923 | 0.2318 | 0.1498
oy 0929 SDK1 0 0 4.70E-5 | rs895710 |0.2905 | 0.4003
Chr20:15025030- C200rf133 0 50997 5.15E-5 | rs6043091 | 0.2151 | 0.1367
(8:22)852224291_ MFHAS1 15750 15750 6.80E-5 | rs400404 |0.3715]0.2726
‘i';;%%gig?el“' 1%3%2.12%’5:,&% 0 0 7.31E-5 |rs10494349]0.2067 | 0.1312
OhrL8:2213638- CDH2 1202449 | 1202449 7.53E-5 | rs9950880 | 0.2821 | 0.1943
TS0 035466- ALCAM,CBLB,Nbla00127 0 0 8.57E-5 |rs13062596| 0.4358 | 0.3328
ohro 8o082448- TBX18 151830 | 151830 9.07E-5 | rs9444253 |0.05028| 0.1187
ChrL-20369369- FLJ32784,UBXN10 0 0 9.09E-5 | rs7514144 | 0.2654 | 0.1808
02 7/09830- PTCHD3 0 0 9.77E-5 | rs506659 | 0.4022 | 0.3026
2123259007 FAM101A 64652 | 64652 1.01E-4 | rs7972182 | 0.3855 | 0.2874
chr13:08130436- BC042673 195237 | 195237 1.09E-4 | rs287355 |0.2219|0.3213
ChrL6:09996550- CALB2 14714 | 14714 1.09E-4 |rs12102284|0.1676 | 0.1015
ohri:20128661- LUZP2 67899 | 67899 1.10E-4 |rs11028465|0.3352 | 0.2426
a7 29991 DKFZp586A011,LETMDL 0 214 1.22E-4 | rs4768959 | 0.1397 [0.08033
32;45:2%32025' LOC389203 161493 | 161493 1.34E-4 | rs2048507 | 0.257 | 0.1755
igg{;gggsgee- ETVL 31148 | 31148 1.35E-4 |rs12532319(0.09218|0.04617
L oooBrLLe: FLJ10986,RP11-242B9.1 0 2458 1.52E-4 |rs11207520|0.3994 | 0.3026
325%2210732' HIVEP1 47026 47026 1.54E-4 |rs12193434|0.09777|0.05034
o oa14281- MGC10433 0 134 1.55E-4 | rs2285415 | 0.352 | 0.4559
Chio:139472753- HECA 20371 | 20371 1.56E-4 |rs17304375|0.2318 | 0.1549
gg‘rlﬁggssma- PPFIA2 0 59900 1.63E-4 | rs2400955 | 0.4134 | 0.3159
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chr12:69717561-

0750071 TSPANS 85073 | 85073 1.63E-4 | rs6581986 | 0.2905 | 0.2053
i?);%l?:;f:feg?se- MMP27 0 0 1.69E-4 |rs17099394|0.1229 | 0.0687
i';?;égﬁig‘”m' ST6GAL1 0 3593 1.71E-4 |rs12495023|0.2765 | 0.1934
32;;3:17?}592439' ATBF1 0 40845 1.80E-4 | rs8056528 | 0.3687 | 0.2754
Chro:124729628- C8ORFK36 0 0 2.05E-4 | rs4871402 |0.06425| 0.1325
22&252;2%308147' KIAA1644,PARVG 0 0 2.27E-4 | rs80303 |0.3994|0.5013
222230532222587' NADC3,SLC13A3 0 0 2.49E-4 | rs393990 |0.09218| 0.1664
oL 9429963 SLC25A33 54611 | 54611 257E-4 |rs10746490]0.1453 | 0.2292
Ohis: 7904204 GRM7 0 40865 2.96E-4 |rs12491592|0.1536 | 0.0939
ARHGAPL,
22;15232‘7172478_ CKALPRSF’,?T\A%S%?’F—Z’ 0 0 3.19E-4 | rs2306029 | 0.3603 | 0.4593
ZNF408,coagulation factor Il
01999958 AK125001 27433 | 27433 3.22E-4 |rs16867404(0.09497|0.05008
(1:2271:;2254414_ PTPRZ1 106504 106504 3.24E-4 | rs1196493 | 0.5251 | 0.4266
ggggfgm?’g' BC020876 0 129448 3.51E-4 | rs359030 |0.1648 | 0.1033
gg;e;f;ggoaos- LRRC16 0 0 3.61E-4 | rs4320355 | 0.3799 | 0.2898
a2 099955- BC041448 793082 | 793982 3.68E-4 | rs2125639 | 0.2905 | 0.2094
2221652;?%59939. FOXB1 74505 | 74505 3.71E-4 | rs7168491 | 0.1648 | 0.1035
22;2:515235’754039' MTRF1L 0 0 3.81E-4 | rs9322400 | 0.4469 | 0.3526
ir;rzséézggggeeo- FAM44B 0 0 3.83E-4 | 5258873 |0.2849 | 0.3798
oo 18 HMGCLL1 0 21202 3.86E-4 | rs9382494 | 0.2179 | 0.3078
ig&%ggiizm' Corf52 0 0 3.87E-4 | rs693196 |0.3603 | 0.2723
Chid:20207250- SLIT2 0 4.29E-4 | rs573118 | 0.243 | 0.169
chr3:284363-285747 CHLL 0 19083 431E-4 |rs17273893] 0.148 |0.09081
22219232398534' PRDM11 650 4.36E-4 |rs12417962|0.06983| 0.1351
e 138891290- SOX14 74205 | 74205 437E-4 |rs12637203|0.1844 | 0.12
ig;%fg;gg”%' DEPDC6 0 0 4.41E-4 | rs869340 | 0.324 | 0.2402
52212851411218781' SALL3 315148 | 315148 4.72E-4 | rs2931060 | 0.1257 |0.07381
(1:2;4;%4112235929- INPP4B 0 14945 4.81E-4 |rs10000770|0.1788 | 0.1158
1 >e 9059 ZBTB20 0 20017 5.19E-4 | rs2718419 | 0.2598 | 0.1844
222%3555018304' FLI16124 0 784 5.20E-4 | rs1194849 | 0.3659 | 0.4614
ggr;ggggesgs- AK128486 55041 | 55041 5.27E-4 | rs7718291 | 0.1313 | 0.2081
o 2713547 BC043580 0 19690 5.51E-4 | rs469709 |0.1704 | 0.1095
ohrs 5506648- EDEM1 630006 | 630006 5.91E-4 | rs2572690 | 0.1145 |0.06602
‘7’2;1462:471370020' A2BP1 0 33910 5.93E-4 | rs2191388 | 0.2709 | 0.1948
Cchr6:88936647- CNRL 4366 4366 6.35E-4 | rs9344757 | 0.2179 | 0.3041
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88941540

325‘233238838' PCDH7 1265004 | 1265004 6.41E-4 | rs2130904 | 0.2458 | 0.3343
322111382?395‘ SNRPE 18492 | 18492 6.48E-4 |rs121456340.1369 |0.08346
oy 7-35733082- HVPS41,VPS41 0 0 6.67E-4 |rs10255854(0.2179 | 0.3038
‘igglzlééiggm%& GRIK4 0 5023 6.67E-4 |rs12577638|0.2011 | 0.1356
;2;18232578373' FAT3 444245 | 444245 6.97E-4 |rs10501763|0.03911(0.09207
3221562132151678‘ GP2 77031 | 77031 7.14E-4 | 19921767 | 0.0419 [0.09572
‘2’2’11553%221750' CAPN2 84031 | 84031 7.20E-4 | rs3856154 | 0.4134 | 0.3254
2*3‘51903:132829688' MGMT 224087 | 224087 7.33E-4 | rs538186 [0.05307|0.1104
2%57:;237300- NPM1 12168 12168 7.52E-4 | rs7707008 |0.1173 | 0.1894
2251806(13:;(2)71553_ C100rf107 12553 12553 7.69E-4 |rs10994852|0.1061 [0.06051
phraL 3142770t TIAM1 0 0 7.93E-4 | rs2833297 |0.2095 | 0.1435
Zga“ég?‘s‘g‘”e& ATP8AL 80521 | 80521 8.09E-4 | rs6812482 | 0.2709 | 0.1965
igﬁégéigms' PLG 12377 | 12377 8.78E-4 | rs9295131 | 0.2151 | 0.2986
23188 AX747308,BC122562 68477 | 68477 9.02E-4 | rs8069430 | 0.2584 | 0.186
chrl 7120125991 TOMLLL tom1-like 205624 | 205624 9.20E-4 | rs6504930 (0.03371(0.08325
59;136‘;;;230083- WWOX 0 305933 9.21E-4 | rs1364290 | 0.1844 | 0.1231
ChrLLoa93737- HBG2,UBQLNL 0 0 9.28E-4 | rs2047456 |0.3436 | 0.2624
%%3%4812- LOC401072 96929 | 96929 9.91E-4 |rs177907900.5196 | 0.4293
222)32:2222289- CNTNG 0 0 1.06E-3 | rs6799262 |0.3571 | 0.2733
EAr3:64977355- BC040632 5173 5173 1.15E-3 | rs1517927 |0.2318 | 0.1643
L6187 ANKH 0 0 1.15E-3 |rs17251715|0.3955 | 0.3113
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Supplementary Table 9. Most Significant Associated Regions Based on Subphenotype

Genotype Association

A) Cancer
Count Distance
Significant Region| P-value SNP All F_A F U OR SNPs Gene Distance| From
Exon
chrl4: 23168471-
53169215 4.57E-7 1s222723 |C|0.6154 | 0.1968 | 6.531 2 DHRS2 0 0
chr6:140225308-
140225386 1.53E-6 [rs12111348 | T |0.4231| 0.1064 | 6.157 2 BC039503 2009 2009
B) Lymphoma
Count Distance
Significant Region| P-value SNP All F_A F U OR SNPs Gene Distance| From
Exon
chrX:132092989-
132095451 5.50E-10| rs5977837 |C|0.2778 | 0.02174 | 17.31 2 TFDP3 82912 82912
Chrl0:58755852- | 1 36E-9 |rs16910534 | T|0.2222 | 0.01383 | 2037 | 3 IPMK 858286 | 858286
58767334
ggg‘;ggggﬂ%' 1.60E-8 | rs975004 |G|0.3333 | 0.03953 | 12.15 | 2 KIAA0834,PETK1 0 12544
chr5:156402979-
156407976 3.62E-8 |rs10038271 | T | 0.7222 | 0.1877 | 11.25 2 HAVCR1 0 651
22;1622224352_ 2.85E-7 | rs356086 |G|0.1111|0.003953| 31.5 2 FLJ45337 112975 | 112975
chrl:106430611-
106438079 1.55E-6 |rs11184786 | T | 0.3333 | 0.05336 | 8.87 2 BC043293 467531 | 467531
C) Lymphadenopathy
Count Distance
Significant Region| P-value SNP All F_A F U OR SNPs Gene Distance | From
Exon
chrX:53035117-
53039801 1.90E-7 |rs10127016 |G| 0.3833| 0.125 | 4.351 2 TMEM29 0 1409
chr12:30583074-
30598457 4.82E-7 | rs1905675 |C| 0.2 0.5453 |0.2085| 2 IPO8 74732 | 74732
chrl4:64723761-
64783067 8.09E-7 | rs4299072 | A |0.1667 | 0.02802 | 6.938 4 BX161428 0 0
chr5:141916656-
141926115 1.13E-6 |rs17706715| A |0.2333 | 0.05603 | 5.127 2 EGF1 27191 27191
chrl11:101265604-
101266102 1.55E-6 |rs17097290 | T| 0.15 | 0.02371 | 7.267 2 ANGPTL5 513 513
D) Nodular regenerative hyperplasia of the liver (NRH)
Count Distance
Significant Region| P-value SNP All F_A F U OR SNPs Gene Distance| From
Exon
gg%fgige’gm' 2.29E-10| rs1926283 |C|0.2308 | 0.01807 | 16.3 | 3 | AK096081,AK124028 0 33408
Chr21:18188480- | ) g4E-7 | rs7280675 |G |0.1923 | 0.02008 | 11.62 | 2 CHODL 2636 | 2636
18192815
chr21:45476504- 3.23E-7 | rs4592938 | A | 0.1154 |0.006024| 21.52 2 C210rf89 1777 1777
45476918
chr8:143046590-
143055893 1.18E-6 |rs12676273 |G| 0.3462 | 0.07229 | 6.794 | 3 TSNARE1 235455 | 235455
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chrX:27453340-

7469759 1.29E-6 | rs5971431 |C|0.3077 | 0.05823 | 7.188 | 3 AK057304 55692 | 55692
E)LIP
Count Distance
Significant Region| P-value SNP All F_A F U OR SNPs Gene Distance| From
Exon
chr13:101641990-
101673539 5.76E-8 | rs1336698 |G| 0.65 | 0.168 |9.197| 6 FGF14 0 69139
chrX:143116300-
143119321 6.77E-8 | 1s6649722 |A| 0.3 | 0.0377 |10.94| 3 UBE2NL 320286 | 320286
chrX:47642545-
17651320 7.70E-8 |rs12387999 |A| 0.2 0.016 |15.38| 2 ZNF81 0 2262
chr2:109118795-
109120561 4.62E-7 | rs375099 |C| 0.25 |0.02976 | 10.87| 2 POSH2 0 5794
chrX:30122360-
20125674 2.52E-6 | 1s5927496 |C| 0.7 | 0.2341 |7.633| 2 MAGEB2 17927 | 17927
F) Bronchiectasis
Count Distance
Significant Region| P-value SNP All F_A F U OR SNPs Gene Distance| From
Exon
322%5;‘822160' 5.71E-8 | rs5925651 | A |0.3462 | 0.1386 |3.291 | 3 ZNF645 219665 | 219665
chr2:200959722- AOX1,DNAPTP6,KCTD1
501175137 2.39E-6 |rs13019534 |G | 0.5064 | 0.2908 | 2.503 | 2 8 SGOL2 0 0
Chr8:15782386- | ) 92E-6 | rs1563297 | A |0.5321 | 03152 | 2.47 | 2 TUSC3 116020 | 116020
15788801
Chr19:51765478- | ¢ 30E-6 | 16500286 |C | 0.4167 | 0.2228 |2.491 | 2 AK094504 0 27862
51768118
ggg;:g?g?%%' 1.04E-5 | rs7056340 |A|0.3141 | 0.1467 |2.663| 2 TMEM28 68076 | 68076
chr6:32508322- | 1 1oe 5 | 152027856 | T |0.02564| 0.163 |0.1351| 2 HLA-DRA 4942 4942
32510683 =
G) Granuloma
Count Distance
Significant Region| P-value SNP All F_A F U OR SNPs Gene Distance| From
Exon
chr11:12182328- KIAA0750,MICAL2,MICA
12186013 4.83E-6 |rs16910765 | T | 0.2206 | 0.05921 | 4.497 | 3 L2PVL MICALZPV?2 0 0
chr1:33674005-
33663277 1.26E-5 |rs12751162 | A|0.3824 | 0.1601 |3.248 | 2 PHC2 4803 4803
chr6:88453628-
68454474 2.04E-5 | rs2250276 |G |0.1765 | 0.04386 | 4.671| 2 AKIRIN2 0 5428
ChrX:27453340- | 3 19F 5 | 155971431 |C | 0.1912 | 0.05263 | 4.255 | 2 AK057304 55692 | 55692
27462759
H) Gl Enteropathy
Count Distance
Significant Region| P-value SNP All F_A F U OR SNPs Gene Distance | From
Exon
chr12:2531014- | 4 51£.7 | rsa765961 |C|0.4737| 0.142 |5.439| 3 CACNAIC 0 0
2538733 =neAsy
chr10:26643326-
6646318 2.90E-6 | rs7903552 |G |0.3684 | 0.107 |4.869| 2 GAD2 9833 9833
chr5:11592622-
11507026 6.26E-6 | rs2727602 | T|0.6053 | 0.2613 | 4.334| 2 CTNND2 0 21030
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chr21:42551877-

ez 9.95E-6 | rs3787986 | T | 0.3684 | 0.1152 | 4.479 | 4 ABCG1 0 0
chr9:4033590- | 4 13r 5 | 15676472 |C|0.2895 | 0.07613 | 4.944 | 3 GLIS3 0 68391
4039110
chra:33014145- | /3r 5 | 156846113 |A | 0.1053 | 0.01029 | 11.32 | 2 AK093205 552926 | 552926
33017023
1) Malabsorption
Count Distance
Significant Region| P-value SNP All F_A F U OR SNPs Gene Distance| From
Exon
223805:22301032' 3.21E-9 | rs8124301 | T |0.4231 | 0.07631 | 8.877 | 5 C200rf85 174030 | 174030
Cchr7:117377201-
e 9.94E-7 | rs17140937 | C | 0.2692 | 0.04418 | 7.971 | 2 CTTNBP2 76404 | 76404
chr11:124071934-
ety 1.25E6-6 | rs1784539 |G | 0.6154 | 0.2068 | 6.136 | 2 SPA17 2037 | 2037
3221505:2%55454' 5.18E-6 | rs11007812 | T | 0.3077 | 0.06426 | 6.472 | 2 CR626438 85918 | 85918
32;1821121576546' 6.76E-6 | rs12819069 | C | 0.3846 | 0.09839 | 5.727 | 2 0oVOS2 26191 | 26191
22;888%4232' 8.56E-6 | rs2515477 | T |0.4231 | 0.1185 |5.456 | 2 ANGPT2 MCPH1 0 1213
J) Splenectomy
Count Distance
Significant Region| P-value SNP All F_A F U OR SNPs Gene Distance| From
Exon
chr9:130092787-
oo 1.03E-6 | rs7026795 |A| 0.425 | 0.1802 |3.363| 2 C90rf119 1698 | 1698
32535:22‘2‘4083' 1.11E-6 | rs7648163 [C| 0.55 | 0.2748 |3.226 | 2 AK097190 115138 | 115138
ggglégfgglzm- 223E-6 | 1s4606267 |G| 0.325 | 0.1194 | 3.552| 3 BC041341 244086 | 244086
%ggl:;gzgzoss- 2.46E-6 | 1s2993008 | T | 0.225 | 0.06306 | 4313 | 2 | AKO057188,PIPSK1B 0 0
chr8:137069094- | 5 15F & | 156985828 |C | 0.0625 [0.002252| 2953 | 2 KHDRBS3 340064 | 340064
137070609
Chr15:66415767-
O oos 3.78E-6 | rs6494736 | C| 0.175 | 0.04054 | 5.02 | 2 ITGALL 0 0
Cchr7:141314419-
g 2.60E-5 |rs11761774 |A| 0.475 | 0.2455 | 2781 | 2 TAS2R38 4247 | 4247
K) Cytopenias
Count Distance
Significant Region| P-value SNP All F_A F U OR SNPs Gene Distance| From
Exon
C120r74.C120r5,CCND2,
chr12:3711033- DYRK4,EFCABAB, FGF2
g 4286 | rs241964 (C|06111| 03 |3667| 6 |oroce CBMREEERl o 0
AP1
3%83%‘211609' 3.52E-5 | rs341672 |C|0.2593 | 0.0812 |3.961| 2 CSMD1,KIAA1890 | 59615 | 59615
32;355858577' 0.000337| 11020997 |G| 0.2407 | 0.4979 |0.3198| 2 CNTN4 0 40335
ig%ggf%lg' 0.000426| rs6548056 |G |0.1852 | 0434 |0.2963| 2 MYTIL 0 514
322111112240035' 0.000533 | rs17659078 | A | 0.4444 | 0.2286 |2.699 | 2 ASCL2 5138 | 5138
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22;17065336883' 0.000603 | rs10794730 | T | 0.4815 | 0.2596 | 2.649 | 2 ADARB2 0 583
‘1’2;95:%228885' 0.000866 | rs1923928 | T |0.1852 | 0.4191 |0.315| 2 SMARCA2 409607 | 409607
22215;3352578' 0.000884| rs966321 |C|0.2593| 0.4979 |0.353| 2 AX748168 146394 | 146394
L) organ specific autoimmunity (OSAI)
Count Distance
Significant Region| P-value SNP All F_A F U OR SNPs Gene Distance| From
Exon
chr8:101728102-
101728344 6.89E-8 | rs7815950 |G |0.2133 | 0.05615 | 4.559 | 2 SNX31 0 2334
chrX:39933689-
39956544 5.18E-7 | rs2948491 |A| 0.18 | 0.04545 | 461 | 4 BCOR 12163 | 12163
chr3:109180117-
109186346 6.27E-6 | rs709477 |A|0.2733| 0.4893 |0.3926| 2 BC101231 50156 | 50156
chrl:37438130- | ¢ 96r 6 | 156426015 |A | 0.2667 | 0.1096 | 2.953 | 3 GRIK3 165699 | 165699
37446852
chr15:84701881-
64750707 1.19E-5 | rs1431234 |C| 0.3 | 0.5108 |0.4105| 2 AGBL1 0 20894
M) Low IgM (<50 mg/dL)
Count Distance
Significant Region| P-value SNP All F_A F_U OR SNPs Gene Distance | From
Exon
chr1:25735669-
5753653 6.02E-8 | rs2065970 |G |0.06553| 0.2411 | 4529 | 5 LDLRAP1 0 0
22;4523223803' 1.77E-5 | rs2899130 |A|0.2257 | 0.4286 | 2573 | 2 BC034799 1366894 | 1366894
chr5:76127981-
618963 2.17E-5 | rs615986 |T|0.4927 | 0.2679 |0.3767| 2 F2RL1 21647 | 21647
N) Low IgA (<10 mag/dL)
Count Distance
Significant Region| P-value SNP All F_A F U OR SNPs Gene Distance| From
Exon
gr&%gggj:ml- 1.44E-7 |rs11095197 | T|0.1469 | 0.3431 |3.034| 2 MAP3K7IP3 18876 | 18876
chrX:145696682-
145751200 3.48E-6 | rs6626815 |C|0.5656 | 0.3578 |0.4279| 5 CXorfl 977620 | 977620
chr15:47024768-
17025722 6.75E-6 |rs17469978 |C|0.2313 | 0.4167 |2.375| 2 SHC4 0 16198
chrX:32356174-
32388539 1.25E-5 | rs699457 |G|0.2656 | 0.1078 [0.3342| 2 DMD 0 0
3221713215418' 2.69E-5 |rs10737395 |A| 0.1 | 0.2353 |2.769 | 2 AK124708 236 236
chr13:101257602-
101958342 3.22E-5 | rs1322702 | A [0.04375| 0.1471 | 3.768| 2 FGF14 0 60734
0O) Low B cells (CD19+ cells <1%)
Count Distance
Significant Region| P-value SNP All F_A F_U OR SNPs Gene Distance | From
Exon
2223%3324782- 7.62E-8 | rs2682665 |C|0.1818 | 0.01394 | 15.71 | 3 SGCz 149368 | 149368
chr7:107306707-
107314113 2.16E-7 | rs9690688 | A |0.3636 | 0.06375 | 8.393 | 2 DLD 4709 4709
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chr9:33103066-

33103970 1.40E-6 | rs12379501 | T |0.3182 | 0.05578 | 7.9 2 B4GALT1 0 0
chr13:37798435-
37846851 2.25E-6 | rs4943583 |G| 0.2273 | 0.02988 | 9.549 7 UFM1 0 0
P) Young age of symptom onset (<10 yrs)

Count Distance
Significant Region| P-value SNP All F_A F U OR SNPs Gene Distance | From

Exon

chrX:152295068-
152303019 9.84E-8 | rs5987017 | A |0.2143| 0.04773 | 5.442 | 4 ZNF275 24829 24829
chrX:37803525-
37832251 1.54E-7 | rs5918500 [C|0.4878 | 0.2123 | 3.533 3 SYTL5 0 0
chr19:7505735-
7508421 2.31E-6 | rs604959 |C|0.4762| 0.2273 | 3.091 2 PNPLAG6 0 0
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Supplementary Table 10. Most Significant Associated Regions Based on CNV Association

A) Deletions
Distan
Cou p Cas
CNVR ntSN ce Deletio| es Control Gene MSSM Oxfor USFCHO
Deletion From s Del d P
Ps n Del
Exon
chr11:8536585 . )
- 85381622 5 0 0.01 2 0 PICALM,PICALM variant protein 0 2 0 0
chr20:5773579
0-57741780 6 5902 0.026 3 4 PHACTR3 2 1 0 0
ARVCF,C220rf25,C220rf29,CDC45
L,CLDN5,CLTCL1,COMT,CR618542,
CR625276,DGCR14,DGCR2,DKFZp
chr22:1739666 761P1121,DKFZp781E0833,GNBLL,
3-18417315 270 0 0.029 2 1 GP1BB,GSCL,HIRA,KIAA1647,L7756 2 0 0 0
1,LO0C128977,MRPL40,SEPT5,SLC25
Al,TBX1,TRXR2A,TSSK2,TXNRD2,U84
523,UFD1,UFD1L
chr4:10256682-
10264316 4 2915 0.029 2 1 CLNK 0 1 1 0
chr10:4600314
6-16042543 8 0 0.029 2 1 DKFZp566K0524,PTPN20A,PTPN20B| 2 0 0 0
B) Duplications
Distan
Cou Cas
ce Contro MSS | Oxfor CHO
CNVR ntSN From P Dup| es ls Dup Gene M q USF P
L Ps Dup
Duplication Exon
chr2:148396730 8.66E-
148433180 6 0 16 15 0 ACVR2A,ORCA4L 10 5 0 0
chr15:35053039 5.72E-
35063531 6 23146 13 19 10 MEIS2 17 2 0 0
chr10:53044735 9.63E-
53045426 4 79826 13 12 0 PRKG1 12 0 0 0
chr8:77719805- 1.05E-
27720240 3 27377 09 10 1 BC037827 10 0 0 0
chr7:91789778- 1.20E-
91801963 4 0 09 12 4 ANKIB1 9 3 0 0
chr2:163316298 1.00E-
163316595 3 17100 07 7 0 KCNH7 6 1 0 0
chr7:87180702- 7.41E-
57191931 4 202 07 7 1 RPIB9 5 2 0 0
chrl2:72825720 3.04E-
79832667 3 0 06 7 2 BC061638 7 0 0 0
chr2:203004035 6.58E-
203017311 5 20466 05 6 3 BMPR2 6 0 0 0
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chr19:9256584-

9277749 4 0 |o%% ° ekintd

en s | | o o 3 | 4
S | o 5 |

O oo 39574 | 23171 | 0.009 2 HDAC9
%ngg;)’%%%s 15 |505114| 0.01 0 | AK057471,AK098560,8C128161
55 . | o | oor | 2| o
o299 4 | 374 | 001 0 DKFZp666P032,RANBP17
O o829 3 | 33381 | 001 0 KIAA1680, MG C48628
CINEoIo85030-| 4 | 4517 | 001 0 AAATNPSR1
roazopoy | 7| 518 | 001 ’ i
o 24 4 | 26274 | 0.01 0 DNM3
ChZIoTos3%l 4 | o | oo 0 Na+ channel, SCN7A
CI28083005 | 3 | 21420 | 0.0 0 LINGO2
O 3 || oo | 2 | o |OEIREG OO
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