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Supplementary Methods

Patients

We recruited 8 patients with late-onset CVID and 9 patients with other types of delayed-onset
immunodeficiency or severe autoimmunity from the Helsinki University Hospital infectious disease
clinic (Table 1). CVID patients were included in a previously described CVID cohort.! As healthy
controls, we used blood donor buffy coat samples from the Red Cross Blood Service
(Supplementary Table S1). This study was approved by local Ethics Committee, and the principles

of Helsinki Declaration were followed. All patients signed informed consent.

Clinical manifestations of five patient cases have been previously described: patient 17 with
biallelic germline mutation in ADA2 gene (CECRI, p.Argl69GIn/p.Arg169GIn) and ADA2
deficiency,” patients 9-11 as germline gain-of-function mutations in STAT3,? and patient 12 as a
case with compound immunodeficiency and 11q terminal deletion arrl11q24.2q25 (126,074,297
134,927,114) x 1 (Jacobsen syndrome).*

Sample preparation

Peripheral-blood EDTA samples were obtained from all patients. For patient 9, only archived bone-
marrow mononuclear cells were available. Mononuclear cells were enriched from peripheral blood
via Ficoll gradient centrifugation (Ficoll-Paque PLUS, GE Healthcare). CD4+ and CD8+ cells were
purified via positive selection with magnetic beads (Miltenyi Biotech). Purity of sorted cells was
controlled with flow cytometry with anti-CD45 (2D1, PerCP), anti-CD3 (SK7, FITC), anti-CD4
(SK3, APC), and anti-CD8 antibodies (SK1, PE-Cy7) (Beckton Dickinson). DNA was extracted
with NucleSpin Tissue kit (Machery Nagel) according to manufacturer’s instructions; however, the
samples of patient 15 were extracted with Qiagen DNEasy Blood & Tissue kit (Qiagen). B-cell
phenotypes were analyzed with flow cytometry in a clinical laboratory according to published

guidelines.>®

T-cell receptor beta locus sequencing

TCRB sequencing was performed from CD8+ and CD4+ cells with the human TCRB immunoSEQ
kit (Adaptive Biotechnologies) according to manufacturer’s instructions.”* The TCRB sequencing
procedures have been described previously.®® Healthy controls’ CD4+ and CD8+ cells were also
sequenced (n=27), and results were compared with the results of 7 CVID patients (pt.1-7). Only

productive TCR sequences were taken into account in the analyses. InmnoSEQ Analyzer software



(Adaptive Biotechnologies) and R version 3.4.2 and RStudio (version 1.1.383) were used for data
analyses. The clonality metric was calculated as one minus Shannon entropy normalized by the

logarithm of the number of productive TCR sequences.

To search for public TCR sequences, such as public pathogen-specific TCRs, we queried our TCR
sequencing dataset on public TCRs that were included in the manually curated McPAS database,
which includes approximately 9500 human TCR sequences.!® For pathogen- and cancer-associated
TCRs, only antigen-specific TCRs were queried (labels “1”” and “2” in the McPAS database), but
for autoimmune TCRs, all autoimmune-associated TCRs were included in the analyses. The
pathogen-specific public TCRs comprised of TCRs targeting CMV, EBV, influenza, HIV, yellow

fever virus, Mycobacterium tuberculosis, Herpes simplex 2 virus, and hepatitis C virus.

Physico-chemical similarities between TCRs were analyzed with a generic string kernel (GSKernel)
algorithm,!! which is designed for analysis of small peptides. The unsupervised clustering analysis
of the TCR similarities was done with graph-theory based PhenoGraph.!? The results were
visualized with t-Distributed Stochastic Neighbor Embedding (t-SNE).!? To focus on the most
biologically meaningful TCRs and to minimize the amount of noise, we included only a subset of
TCRs for the analyses:

1. Convergent TCRs that have more than 5 different clones OR convergent TCRs that make up

at least 1% of the repertoire (“highly convergent”)
2. TCR clones that comprise at least 1% of all rearrangements (CD8+ cells) or 0.1% of all

rearrangements (CD4+ cells) (“highly expanded”)

Also, these "highly convergent” and ’expanded” clones were compared for their TCR amino-acid
properties yielded by the “peptides” R package, which yields scores on the Cruciani ef al properties
(Polarity, Hydrophobicity, H-bonding),'* GRAVY hydrophobicity index, and net charge.

Somatic variant detection: Sequencing library preparation

To discover somatic variants that occur even at small variant allele frequencies, we designed a
custom sequencing panel that comprised of the coding areas of 2533 genes, covering approximately
5.2 million base-pairs. The gene selection was based on the InnateDB database
(http://www.innatedb.ca/),'>"!7 but also other genes that were important in hematopoietic cells,
adaptive immune responses, and autoimmunity were included (Supplementary Table S2). The target

probes were designed with NimbleGen SeqCap EZ Developer system.



All immunodeficiency patient samples and 12/21 control samples were prepared for targeted
sequencing with Kapa Hyper library preparation kit (Roche). Double-stranded genomic DNA (300-
500ng) was fragmented with Covaris E220 evolution instrument (Covaris) to retrieve mean
fragment size of 200 base-pairs. Sample libraries and enrichment were performed according to
SeqCapEZ HyperCap Workflow User’s Guide version 1.0 (Roche Nimblegen). SeqCap adapters
and 9 cycles were used for pre-capture amplification. Four samples were multiplexed for capture
using 1 ug of each library. Post-capture amplification included 10 cycles. Libraries were quantified

with 2100 Bioanalyzer High Sensitivity Kit (Agilent Technologies).

For 9/21 control samples, ThruPLEX DNA-seq library preparation kit (Rubicon Genomics) was
used. Double-stranded genomic DNA (100ng) was fragmented with Episonic Multi-Functional
Bioprocessor 1100 (Epigenetik Group Inc.) to retrieve mean fragment size of 200 base-pairs.
Sequencing libraries were prepared according to ThruPLEX DNA-seq library preparation kit
protocol (Rubicon Genomics) with five amplification cycles. Libraries were quantified with
LabChip GX (Caliper Life Sciences, Inc.). Eight samples (100ng DNA each) were pooled for
hydridization and target capture, and targets were captured according to “Exome Capture of
ThruPLEX Libraries with Roche NimbleGen SeqCap EZ Library” (Rubicon Genomics) and
“NimbleGen SeqCap EZ Exome Library SR User’s Guide” (Roche). Post-capture amplification was
performed with 10 cycles. Quantification for sequencing was performed with 2100 Bioanalyzer
High Sensitivity Kit (Agilent Technologies). All samples were sequenced with HiSeq2500
(Illumina) with HiSeq high output mode using v4 kits (Illumina), using 101-length paired-end

reads.

Somatic variant detection: Sequencing data analysis

Genome variants were called using a previously established Genome Analysis Toolkit (GATK)
protocol.'® Briefly, sequencing data was pre-processed with the Trimmomatic software,'” and
aligned to the GRCh38 genome with BWA-MEM.?° The Picard toolset was used to mark PCR
duplicates. Base recalibration was then performed with GATK BaseRecalibrator.?! GATK
IndelRealigner was used for local realignment near indels, , and GATK CalculateContamination
was used to estimate cross-sample contaminations. Somatic variants were identified using the
MuTect2 toolset with default settings, using a panel of normals based on data from the 21 heathy
control samples.?? Finally, levels of 8-oxoguanine and deamination artifacts were estimated and

variant calls resulting from sequencing artifacts filtered. Calling of variants relied on GATK version



3 tools and GATK resource files that were converted from GRCh37 to GRCh38 using CrossMap??
and EnsEMBL chain files downloaded from EnsEMBL. GATK version 4 tools were used to

estimate levels sequencing artifacts and cross-sample contamination.

Filtering and annotation of variant calls was based on in-house scripts and Annovar.?* Briefly, variant
calls passing standard MuTect2 filters and with a quality of >40, read depth of >7, >1 forward and
reverse strand read, and strand orientation bias (SOR) of <3 for single-nucleotide alterations or <11
for indel alterations were accepted. False-positive variant calls were then further filtered by removing
calls with a variant allele frequency (VAF) of <1%, calls with a VAF of 1-2% and supported by <5
Catalogue of Somatic Mutations in Cancer (COSMIC) hematopoietic tissue samples, and calls that
were associated with a population frequency >1% in gnomAD exome ALL, gnomAD exome FIN,
gnomAD exome NFE, esp6500, or 1000g collections. Intronic and inframe variant calls were also
removed. For all downstream analyses except mutational signature analyses, only nonsynonymous
and splice-site mutations were included. Finally, nonsynonymous and splice-site variants were

inspected visually with Integrative Genomics Viewer (IGV) to ensure high quality of variants.

Somatic variants specific for CD4+ and CD+ fractions were identified by performing a tumor-normal
MuTect2 analysis between datasets in both directions. This procedure eliminates germline-derived
variants. Variants that originate from hematopoietic progenitors (clonal hematopoiesis) and occurring
in both CD4+ and CD8&+ cells were in turn identified using MuTect2 tumor-only strategy and by
searching for somatic calls mutually present in both fractions. To avoid false findings among these
“clonal hematopoiesis -associated” variant calls, only variant calls associated with known clonal
hematopoiesis -associated genes*>~?7 and with a VAF of >2% in at least one fraction were accepted.
Variants were also quality checked using IGV and indel calls were not allowed to be within 5 base-

pairs of a homopolymer or repeat region.

Signaling pathways were annotated using the Reactome public database,?® and gene functions were
annotated using Gene Ontology (GO) Consortium database “biological process” terms
(Supplementary Table S3).2°-** Mutational signatures were identified from both non-coding
mutations and mutations that alter protein amino-acid sequence with deconstructSigs with default
parameters and cancer profiles downloaded from the COSMIC web site in 09/2017.31:32 The variant
filtering criteria for signature analyses were 2% VAF, at least 7 supporting reads, and variant calls

in both reverse and forward strands.



Flow-cytometry-mediated cell sorting

We performed cell sorting to extract multiple, pure cell fractions from four patient samples (patients
2,13, 16, 17). Patients’ mononuclear cells were stained with the following antibodies: CD3-APC
(SK7), CDS-FITC (SK1), CD4-BV510 (SK3), CD19-APC-Cy7 (SJ25C1), CD56-AF700 (B159),
CD16-PE (Leullc), CD14-PerCP-Cy5.5 (M5E2). They were sorted into CD3+CD4+, CD3+CDS8+,
CD3"¢CD19+, CD3"eCD14+ and CD56+CD16+ cell fractions by FACS Influx (Beckton
Dickinson). DNA was extracted by Qiagen DNEasy Blood & Tissue kit (Qiagen) according to
manufacturer’s instructions. DNA samples were prepared for Amplicon sequencing as described
below. However, the yield of the fraction containing NK cells was so small that NK cells were not
sequenced. The gating strategy is shown in the figure below. The purity of sorted fractions was

controlled and was nearly 100%.

x1000

x1000 x1000
60 60 6
50 £ 50 50
i}
40 i 40
§ ]
30 CL- 30
Q
S
20 £ 20
10 10
0 0 '
0 o 10 20 30 4 50 e 100 10! 102 103 10
FSC X000 *640 - 670/30-CD3 APC
N x1000 .
o 10 10
§ 60
2 >
50 (.I)
§ 10 O 10
<<
[e)]
o
10 Q¢
g
o
n
~
10 ' 10"
3 g
m
n
R . , ) ) 1 v
10° 10 102 108 10° 10° *488106 . 301: rf . 1ot 0 6
- X x1000
+405 - 520/35-CD4 BV510 70/30-CD14 PerCP-Cy5.5
1" Populations:
Populations Even... % Total % Parent
§ ¢ @ Al Events 100,000 100.00% i
g @ cels 50,543 50.54% 59.54%
g @ singlets 50,041 50.04% 99.16%
o1 @ co3 36,202 36.20% 61.32%
S @ cos 23557 23.56% 65.07%
i g @ o4 10661 10.66% 2045%
1
% @ NOT(CD3) 22,839 2284% 38.68%
@ cpus 10,337 10.34% 45.26%
1P SRS S TN S @ NOT(CD 14) 12,502 12.50% 54.74%
10° 10t 10? 10° 10*
4561 - 585/29-CD16 PE @O 19 1173 117% 9.38%
-8 @ cpi6CDs6 5,144 5.14% 4115%




Amplicon sequencing: confirmation of mutations with a multiplex panel

To gain higher confidence in the low VAF somatic mutations we performed a validation experiment
by designing primers to cover genomic loci of 41 positions (Supplementary Table S9). Of these
positions, 17 positions were negative controls. These 17 positions did not include any variants in the
immunogene panel sequencing in our patient samples but had COSMIC identifiers. All positions
were covered by amplicon primers that were multiplexed into a single reaction; the primers were
designed by Paragon Genomics (Hayward, CA, USA) as a CleanPlex Custom NGS panel. Thus, all
41 positions were sequenced from all samples. Library preparation was performed according to

manufacturer’s instructions and the samples were sequenced with MiSeq PE150 v2 flow cell.

The sequencing data analysis pipeline has been described in detail previously.?® Final variant
refining included the following steps:

1. Discarding all variants with a frequency ratio less than 0.9

2. The variant must be first identified in the immunogene panel, as described in previous sections.
Alternatively, it could be a control variant instead.

3. The variant should be supported by 10 or more reads. The VAFs of screened variants ranged
from 0.017-0.13 in immunopanel data. Thus, a coverage of over 200-300 would be required to call
variants in the positions with high confidence. Three amplicons had insufficient coverage (20-252x,
Supplementary Table S9; TET2 Q591fs, DNMT34 D531N, JAK2 V617F) and were judged to be

low confidence.

Additional Amplicon sequencing for STAT5B and KRAS mutations

In addition to the multiplexed Amplicon panel sequencing, we performed single amplicon
sequencing for three mutations: STAT5B N418K, STAT5B T628S and KRAS T581. Samples for
STAT5B sequencing were prepared by flow-cytometry-mediated cell sorting. PBMNCs were stained
with CD3 (APC, SK7), CD4 (PerCP, SK3), CDS8 (Pe-Cy7, SK1), CD14 (Pacific Blue, MHCD1428)
antibodies and a Vbeta antibody corresponding to the largest CD8+ clone in the patient (10 Test
Vbeta Mark Kit, Beckman Coultier, PE and FITC fluorochromes). Cells were sorted with
FACSAria II (Beckton Dickinson) into CD3+CD4+, CD3+CD8+Vbetat+, CD3+CD8+Vbeta™g,
CD3"eCD14+ and CD3™eCD14"¢ cell fractions with nearly 100% purity. Afterwards, DNA
extraction followed with the NucleSpin Tissue kit (Machery Nagel) according to manufacturer’s

instructions.



Short amplicons were designed to cover the mutation of interest. Amplicons were amplified with a
two-step PCR protocol. The first PCR was performed in a volume of 20ul containing <10ng of
sample DNA, 10pul of 2x Phusion High-Fidelity PCR Master Mix (Thermo Fisher Scientific,
Waltham, MA, USA) and 0.25uM of each locus-specific primer. KRAS locus-specific primers were
prone to forming primer dimers so 10ul of water was added to the ready PCR reaction to increase
the volume to 30ul and the products were purified once with Agencourt AMPure XP beads
(Beckman Coulter, Brea, CA, USA).

The second PCR was performed using the amplified product from step 1 and index primers. DNA
Engine Tetrad 2 (Bio-Rad Laboratories) or G-Storm GS4 (Somerton) thermal cyclers were used to
cycle both PCR steps. 27 cycles were used for the first PCR and 8 for the second (Index PCR). The
amplified samples were pooled and the pool was purified with Agencourt AMPure XP beads twice
using 0.8x volume of beads compared to the sample pool volume. Agilent 2100 Bioanalyzer
(Agilent Genomics, Santa Clara, CA, USA) was used to quantify amplification performance and
yield of the purified sample pools. Sample pools were sequenced with Illumina MiSeq System

using [llumina MiSeq Reagent Kit v3 600 cycles kit (Illumina, San Diego, CA, USA).

RNA sequencing

To study if genes with somatic mutations are expressed in CD4+ or CD8+ cells, we utilized RNA
sequencing from healthy controls’ CD4+ cells (n=3) and CD8+ cells (n=5). RNA was extracted
with miRNeasy kit including DNAse I digestion (Qiagen) or NucloSpin RNA II kit (Machery-
Nagel) according to manufacturer’s instructions. Total RNA (1-3ug) of cells was depleted from
ribosomal RNA (Ribo-Zero, Epicentre). Ribodepleted and purified RNA (Nucleospin cleanup XS,
Machery-Nagel) was converted to ds cDNA with the SuperScript Double-Stranded cDNA Synthesis
Kit (Life Technologies), in all but two CD4+ samples, in which the NEBNext mRNA Library Prep
Master Mix Set for [llumina was used. Random hexamers (New England BioLabs) were used to
prime the first strand synthesis reaction and SPRI beads (Agencourt AMPure XP, Beckman
Coulter) for cDNA purification. Illumina-compatible Nextera Technology (Illumina) was used for
preparation of RNA sequencing libraries, but instead of DNA, ds cDNA (60ng) was used as a
template. Following the tagmentation reaction, fragmented cDNA was purified with SPRI beads. To
add Illumina-specific bridge-PCR sites and enrich the library, limited-cycle PCR (5 cycles) was
done according to instructions of Nextera system with minor modifications. For barcoded libraries,
50 X Nextera Adaptor 2 was replaced with Nextera Bar Codes kit adapters (Illumina) in the PCR
setup. SPRI beads were employed to purify the PCR products. Library quality was evaluated with



Agilent Bioanalyzer (Agilent Technologies). Libraries were sequenced with Illumina HiSeq2000 or

[llumina Genome Analyzer II to produce 100 base-pair paired-end reads.

RNA sequencing data was processed and aligned as has been previously described.!® Reads were
first trimmed with Trimmomatic and then mapped to the human GRCh38 reference (EnsEMNL 82)
using STAR with the default 2-pass per-sample mapping settings.** Reads sorting and duplicate
marking was performed with the Picard toolkit. FastQC and RNA-SeQC were used for quality
control analysis. Mapped reads were assigned to gene features (EnsEMBL v82) using
FeatureCounts.*> Multi-mapping reads and assignment of a read to more than one overlapping
feature were allowed. Read counts were normalized with the Trimmed Mean of M-values (TMM)

method with edgeR with default parameters,*® and transformed to log» values for graphing.

Statistical analyses

Variant calling procedures are described in the “Somatic variant detection” -section. Statistical
analyses were performed using GraphPad Prism v.6 (GraphPad Software) and R version 3.4.2
(www.r-project.org). Data were inspected for normality both graphically and with Shapiro-Wilk
tests, but due to small sample size and/or data skewing, mostly nonparametric statistical tests were
employed. Statistical tests included Spearman correlation, t-test, Mann-Whitney test, Kruskall-
Wallis test, and Dunn’s multiple comparisons tests. Benjamini-Hochberg correction for multiple

testing was used when analyzing V-family and J-gene usage.



Supplementary Tables.

Supplementary Table S1. Healthy controls used in the study.

Sample Disease Sex Age TCRB N Imn;l;i(;lgene
sequencing? sequencing?
HC1 HC F 58 yes yes
HC2 HC M 58 yes yes
HC13 HC F 66 yes yes
HC7 HC M 48 yes yes
HCS8 HC F 57 yes yes
HC9 HC F 56 yes yes
HC10 HC F 47 yes yes
HC11 HC M 48 yes yes
HC12 HC F 21 yes yes
HC4 HC F 44 yes yes
HCS HC M 55 yes yes
HC6 HC M 52 yes yes
HC3 HC F 65 yes yes
HC14 HC F 63 yes yes
HC15 HC M 63 yes yes
HC16 HC F 65 yes yes
HC17 HC M 64 yes yes
HC18 HC F 65 yes yes
HC19 HC M 64 yes yes
HC20 HC F 63 yes yes
HC21 HC M 64 no yes
HC22 HC M 61 yes no
HC23 HC F 50 yes no
HC27 HC M 60 yes no
HC28 HC M 43 yes no
HC26 HC M 70 yes no
HC24 HC F 50 yes no
HC25 HC F 62 yes no

Healthy controls used in TCRB and immunogene panel sequencing. Both CD4+ and CD8+ cells
were sequenced. The median age for controls in TCRB sequencing was 58 (interquartile range 50-
64), and the mean 56.2 (95% confidence interval 52.2-60.3) The median age for controls
immunogene panel was 58 (interquartile range 50-64) and the mean 56.5 (95% confidence interval
51.6-61.3).
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Supplementary Table S2. Genes sequenced in the immunogene panel.

Gene ID Ensembl ID Gene ID Ensembl ID Gene ID Ensembl ID Gene ID Ensembl ID

A2M ENSG00000175899  FOXO03 ENSG00000118689  OSM ENSG00000099985  VPREBI ENSG00000169575
A2ML1 ENSG00000166535  FOXP1 ENSG00000114861  OSMR ENSG00000145623  VPREB3 ENSG00000128218
AAMP ENSG00000127837  FOXP3 ENSG00000049768  OTUBI1 ENSG00000167770 ~ VPSI3B ENSG00000132549
ABCALl ENSG00000165029  FPR1 ENSG00000171051  OTUB2 ENSG00000089723  VPS33B ENSG00000184056
ABCAL13 ENSG00000179869  FPR2 ENSG00000171049  OTUD5 ENSG00000068308  VPS45 ENSG00000136631
ABCBI1 ENSG00000085563  FPR3 ENSG00000187474  OTUD7B ENSG00000264522  VSIGI ENSG00000101842
ABCB7 ENSG00000131269  FREM1 ENSG00000164946  OXNADI ENSG00000154814  VSTM2B ENSG00000187135
ABCF1 ENSG00000204574  FRK ENSG00000111816  P2RX7 ENSG00000089041  VTRNA2-1 ENSG00000270123
ABCGl ENSG00000160179  FSCN1 ENSG00000075618  P2RY10 ENSG00000078589  VWF ENSG00000110799
ABCGS5 ENSG00000138075  FSTLI ENSG00000163430  P2RY14 ENSG00000174944  WAS ENSG00000015285
ABCGS ENSG00000143921  FUT3 ENSG00000171124  P2RY8 ENSG00000182162  WASF1 ENSG00000112290
ABLI1 ENSG00000097007  FXR1 ENSG00000114416  P4HTM ENSG00000178467  WASF3 ENSG00000132970
ACAPI ENSG00000072818  FYB ENSG00000082074  PACSIN1 ENSG00000124507  WASL ENSG00000106299
ACD ENSG00000102977  FYN ENSG00000010810  PADI4 ENSG00000159339  WDFY1 ENSG00000085449
ACE ENSG00000159640  FZD1 ENSG00000157240  PAFAHI1BI ENSG00000007168 ~ WDFY3-AS2  ENSG00000180769
ACE2 ENSG00000130234  FZD4 ENSG00000174804  PAFAHI1B2 ENSG00000168092  WDFY4 ENSG00000128815
ACHE ENSG00000087085  G3BP1 ENSG00000145907  PAFAHI1B3 ENSG00000079462 ~ WDR34 ENSG00000119333
ACOXL ENSG00000153093  G6PC ENSG00000131482  PAFAH2 ENSG00000158006 ~ WDR62 ENSG00000075702
ACP5 ENSG00000102575  G6PC3 ENSG00000141349  PAK1 ENSG00000149269  WFDC12 ENSG00000168703
ACTB ENSG00000075624  G6PD ENSG00000160211  PAK2 ENSG00000180370 ~ WHSC1 ENSG00000109685
ACTN1 ENSG00000072110  GABI ENSG00000109458  PAPD5 ENSG00000121274  WIPF1 ENSG00000115935
ACVRLI ENSG00000139567  GAB2 ENSG00000033327  PARD3 ENSG00000148498  WNT2B ENSG00000134245
ADA ENSG00000196839 ~ GABARAP ENSG00000170296  PARK2 ENSG00000185345  WNT3A ENSG00000154342
ADAMI10 ENSG00000137845  GADD45A ENSG00000116717  PARP1 ENSG00000143799 ~ WNT9B ENSG00000158955
ADAM17 ENSG00000151694  GADDA45B ENSG00000099860  PAX2 ENSG00000075891  WRAP53 ENSG00000141499
ADAMS ENSG00000151651  GADDA45G ENSG00000130222  PAXS5 ENSG00000196092  WT1 ENSG00000184937
ADAMTS14 ENSG00000138316 ~ GALC ENSG00000054983  PCBP1 ENSG00000169564  WWOX ENSG00000186153
ADAR ENSG00000160710  GALNS ENSG00000141012  PCBP2 ENSG00000197111  XBP1 ENSG00000100219
ADCY1 ENSG00000164742  GAS2L3 ENSG00000139354  PDCD1 ENSG00000188389  XCL1 ENSG00000143184
ADCY2 ENSG00000078295  GAS6 ENSG00000183087  PDCDI ENSG00000276977  XCL2 ENSG00000143185
ADCY3 ENSG00000138031  GATAL ENSG00000102145  PDCDILG2 ENSG00000197646 ~ XCR1 ENSG00000173578
ADCY4 ENSG00000129467  GATA2 ENSG00000179348  PDE3B ENSG00000152270 ~ XDH ENSG00000158125
ADCY5 ENSG00000173175  GATA3 ENSG00000107485  PDGFA ENSG00000197461  XIAP ENSG00000101966
ADCY6 ENSG00000174233  GATA4 ENSG00000136574  PDGFB ENSG00000100311  XPOl ENSG00000082898
ADCY7 ENSG00000121281  GATA6 ENSG00000141448  PDGFRA ENSG00000134853 ~ XRCC2 ENSG00000196584
ADCY8 ENSG00000155897  GBA ENSG00000177628  PDGFRB ENSG00000113721  XRCC5 ENSG00000079246
ADCY9 ENSG00000162104  GBA ENSG00000262446  PDK1 ENSG00000152256 ~ XRCC6 ENSG00000196419
ADIPOQ ENSG00000181092  GBP1 ENSG00000117228  PDPKI1 ENSG00000140992  YARS2 ENSG00000139131
ADRB2 ENSG00000169252  GBP2 ENSG00000162645  PDS5B ENSG00000083642  YBXI1 ENSG00000065978
ADRBK1 ENSG00000173020  GBP3 ENSG00000117226 ~ PDSS2 ENSG00000164494  YJEFN3 ENSG00000250067
ADRBK2 ENSG00000100077  GBP4 ENSG00000162654  PEG3 ENSG00000198300  YWHAE ENSG00000108953
AEBP1 ENSG00000106624  GBP5 ENSG00000154451  PELI1 ENSG00000197329  YWHAZ ENSG00000164924
AEBP2 ENSG00000139154  GBP6 ENSG00000183347  PELI2 ENSG00000139946 YY1 ENSG00000100811
AFF3 ENSG00000144218  GBP7 ENSG00000213512  PELI3 ENSG00000174516  ZAP70 ENSG00000115085
AGBL2 ENSG00000165923  GFII ENSG00000162676 ~ PF4 ENSG00000163737  ZBPI ENSG00000124256
AGER ENSG00000204305  GFIIB ENSG00000165702  PF4V1 ENSG00000109272  ZBTBI16 ENSG00000109906
AGFG1 ENSG00000173744  GH1 ENSG00000259384  PFKL ENSG00000141959  ZBTB24 ENSG00000112365
AHI1 ENSG00000135541  GH2 ENSG00000136487  PFKM ENSG00000152556  ZC2HCIA ENSG00000104427
AHR ENSG00000106546 ~ GHR ENSG00000112964  PGK1 ENSG00000102144  ZFP36L1 ENSG00000185650
AHSG ENSG00000145192  GJA1 ENSG00000152661  PGLYRP1 ENSG00000008438  ZMIZ1 ENSG00000108175
AICDA ENSG00000111732  GLI1 ENSG00000111087  PGLYRP2 ENSG00000161031  ORAII ENSG00000276045
AIM2 ENSG00000163568  GLIS2 ENSG00000126603 ~ PGLYRP3 ENSG00000159527  VMP1 ENSG00000062716
AIMP1 ENSG00000164022  GLRX ENSG00000173221  PGLYRP4 ENSG00000163218  FER ENSG00000151422
AIRE ENSG00000160224  GLRX5 ENSG00000182512  PGM3 ENSG00000013375  FERMT3 ENSG00000149781
AK1 ENSG00000106992  GNA12 ENSG00000146535  PHF6 ENSG00000156531  FFAR2 ENSG00000126262
AK2 ENSG00000004455  GNA13 ENSG00000120063 ~ PHGDH ENSG00000092621  FGA ENSG00000171560
AKAP10 ENSG00000108599  GNAII ENSG00000127955  PIASI ENSG00000033800  FGB ENSG00000171564
AKNA ENSG00000106948  GNAI2 ENSG00000114353  PIAS2 ENSG00000078043  FGF1 ENSG00000113578
AKTI ENSG00000142208  GNAI3 ENSG00000065135  PIAS3 ENSG00000131788  FGF10 ENSG00000070193
AKTISI ENSG00000204673  GNAS ENSG00000087460  PIAS4 ENSG00000105229  FGF11 ENSG00000161958
AKT2 ENSG00000105221  GNBI ENSG00000078369  PIEZO1 ENSG00000103335  FGF12 ENSG00000114279
AKT3 ENSG00000117020  GNB2 ENSG00000172354  PIGA ENSG00000165195  FGF13 ENSG00000129682
ALAS2 ENSG00000158578  GNB2L1 ENSG00000204628  PIK3AP1 ENSG00000155629  FGF14 ENSG00000102466
ALCAM ENSG00000170017  GNB3 ENSG00000111664  PIK3C3 ENSG00000078142  FGF16 ENSG00000196468
ALDOA ENSG00000149925  GNB4 ENSG00000114450  PIK3CA ENSG00000121879  FGF17 ENSG00000158815
ALK ENSG00000171094  GNB5 ENSG00000069966 ~ PIK3CB ENSG00000051382  FGF18 ENSG00000156427
AMFR ENSG00000159461  GNG10 ENSG00000242616  PIK3CD ENSG00000171608  FGF19 ENSG00000162344
ANGPT1 ENSG00000154188  GNG11 ENSG00000127920  PIK3CG ENSG00000105851  FGF2 ENSG00000138685
ANK1 ENSG00000029534  GNG12 ENSG00000172380  PIK3R1 ENSG00000145675  FGF20 ENSG00000078579
ANKRD17 ENSG00000132466 ~ GNG13 ENSG00000127588  PIK3R2 ENSG00000105647  FGF21 ENSG00000105550
ANKRD26 ENSG00000107890  GNG2 ENSG00000186469  PIK3R3 ENSG00000117461  FGF22 ENSG00000070388
ANKRD30A ENSG00000148513  GNG3 ENSG00000162188  PIK3R5 ENSG00000141506  FGF23 ENSG00000118972
ANKRD55 ENSG00000164512  GNG4 ENSG00000168243  PILRA ENSG00000085514  FGF3 ENSG00000186895
ANO6 ENSG00000177119  GNG5 ENSG00000174021  PIM1 ENSG00000137193  FGF4 ENSG00000075388
ANP32B ENSG00000136938  GNG7 ENSG00000176533  PIN1 ENSG00000127445  FGF5 ENSG00000138675
ANPEP ENSG00000166825  GNG8 ENSG00000167414  PITPNM2 ENSG00000090975  FGF6 ENSG00000111241
ANXAL1 ENSG00000135046 ~ GNGT1 ENSG00000127928  PKLR ENSG00000143627  FGF7 ENSG00000140285
ANXA2 ENSG00000182718  GNGT2 ENSG00000167083  PKN1 ENSG00000123143  FGF8 ENSG00000107831
ANXA3 ENSG00000138772  GNLY ENSG00000115523  PLA2G4A ENSG00000116711  FGF9 ENSG00000102678
ANXA4 ENSG00000196975  GNS ENSG00000135677  PLA2G4B ENSG00000243708  FGFBP1 ENSG00000137440
ANXA6 ENSG00000197043  GOPC ENSG00000047932  PLA2G4C ENSG00000105499  FGFR1 ENSG00000077782
AOC3 ENSG00000131471  GPIBA ENSG00000185245  PLA2G4D ENSG00000159337  FGFR2 ENSG00000066468
AP1S3 ENSG00000152056 ~ GP1BB ENSG00000203618  PLA2G4E ENSG00000188089  FGFR3 ENSG00000068078
AP3BI ENSG00000132842  GP2 ENSG00000169347  PLA2G4F ENSG00000168907  FGFR4 ENSG00000160867
AP3D1 ENSG00000065000  GP5 ENSG00000178732  PLA2G7 ENSG00000146070  FGG ENSG00000171557
AP4E1 ENSG00000081014  GP9 ENSG00000169704  PLA2R1 ENSG00000153246  FGR ENSG00000000938
APCS ENSG00000132703  GPI ENSG00000105220  PLAA ENSG00000137055  FIGF ENSG00000165197
APOA1 ENSG00000118137  GPI ENSG00000282019  PLAGI1 ENSG00000181690  FLII ENSG00000151702
APOBEC3A ENSG00000128383  GPR153 ENSG00000158292  PLAT ENSG00000104368  FLNA ENSG00000196924
APOBEC3B ENSG00000179750  GPR183 ENSG00000169508  PLAU ENSG00000122861  FLNB ENSG00000136068
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APOBEC3G
APOH
APOL1
AQP3
ARAF
ARAPI
ARF6
ARG1
ARHGAP15
ARHGAPS/PRR5-ARHGAPS
ARID3A
ARID5SB
ARLS5B
ARRBI
ARRB2
ASCC3
ASXL1
ATF2

ATF3

ATF4
ATGI2
ATGI6LI
ATGS
ATG7
ATG9A
ATM
ATP11A-AS]
ATP6VOD2
ATP7B
ATRIP
ATRX

AVP

AXL

AZI2

B2M

B2M
B3GNT2

BTN3A3
C100rf55
Cl50rf41
Clorf106
C1QA
C1QB

ENSG00000239713
ENSG00000091583
ENSG00000100342
ENSG00000165272
ENSG00000078061
ENSGO00000186635
ENSG00000165527
ENSG00000118520
ENSG00000075884
ENSG00000248405
ENSG00000116017
ENSG00000150347
ENSG00000165997
ENSG00000137486
ENSG00000141480
ENSG00000112249
ENSG00000171456
ENSG00000115966
ENSG00000162772
ENSG00000128272
ENSG00000145782
ENSG00000085978
ENSG00000057663
ENSG00000197548
ENSG00000198925
ENSG00000149311
ENSG00000232684
ENSG00000147614
ENSG00000123191
ENSG00000164053
ENSG00000085224
ENSG00000101200
ENSG00000167601
ENSG00000163512
ENSG00000166710
ENSG00000273686
ENSG00000170340
ENSG00000112182
ENSG00000153064
ENSG00000156127
ENSG00000087088
ENSG00000187244
ENSGO00000185825
ENSG00000050820
ENSG00000142867
ENSG00000127152
ENSG00000171791
ENSG00000140379
ENSGO00000171552
ENSG00000153094
ENSG00000069399
ENSG00000113916
ENSG00000183337
ENSGO00000085185
ENSG00000100739
ENSG00000168398
ENSG00000176697
ENSG00000126581
ENSG00000162373
ENSG00000133134
ENSG00000102409
ENSGO00000184515
ENSG00000182492
ENSG00000015475
ENSG00000110330
ENSG00000023445
ENSG00000089685
ENSG00000136573
ENSG00000197299
ENSGO00000095585
ENSG00000104164
ENSG00000125845
ENSG00000102010
ENSG00000261236
ENSG00000101425
ENSG00000157764
ENSGO00000185515
ENSG00000172270
ENSG00000109743
ENSG00000130303
ENSG00000151136
ENSG00000133639
ENSG00000159388
ENSG00000010671
ENSG00000186265
ENSG00000026950
ENSG00000186470
ENSG00000111801
ENSG00000222047
ENSG00000186073
ENSG00000163362
ENSG00000173372
ENSG00000173369

HGSNAT
HHEX
HIF1A
HIFIAN
HIF3A
HISTIHIB
HISTIHIC
HISTIHID
HISTIHIE
HISTIH3B
HK1
HMGBI
HMGB2
HMGB3
HMGN2
HMMR
HMOX1
HNRNPL
HOOK1
HOXAL11
HOXA9
HOXCS
HP

HPS3
HRAS
HRG
HRH2
HRH4
HSF1
HSPY90AA1
HSPY90ABI
HSP90B1
HSPA14
HSPAIA
HSPA1B
HSPAIL
HSPA2
HSPA4
HSPA6
HSPAB
HSPB1
HSPBP1
HSPD1
HTN3
HYALI1
HYOU1
ICAM1
ICAM2
ICAM3
ICAM4

ENSG00000214943
ENSG00000203737
ENSG00000198932
ENSG00000013588
ENSG00000160360
ENSGO00000177885
ENSG00000083307
ENSG00000185974
ENSG00000125388
ENSG00000198873
ENSG00000198055
ENSG00000114124
ENSG00000030582
ENSG00000105723
ENSG00000082701
ENSG00000104687
ENSG00000100983
ENSG00000084207
ENSG00000169919
ENSG00000170180
ENSG00000250361
ENSG00000136732
ENSG00000197465
ENSG00000145649
ENSG00000100453
ENSG00000113088
ENSG00000197540
ENSG00000105697
ENSG00000135077
ENSG00000143575
ENSG00000206172
ENSG00000188536
ENSG00000244734
ENSG00000101336
ENSG00000126264
ENSG00000116478
ENSG00000163517
ENSG00000196591
ENSG00000119969
ENSG00000138646
ENSG00000010704
ENSG00000168509
ENSG00000019991
ENSG00000165102
ENSG00000152804
ENSG00000100644
ENSG00000166135
ENSG00000124440
ENSG00000184357
ENSG00000187837
ENSG00000124575
ENSG00000168298
ENSG00000274267
ENSGO00000156515
ENSG00000189403
ENSG00000164104
ENSG00000029993
ENSG00000198830
ENSG00000072571
ENSG00000100292
ENSG00000104824
ENSG00000134709
ENSG00000005073
ENSG00000078399
ENSG00000172789
ENSG00000257017
ENSG00000163755
ENSGO00000174775
ENSG00000113905
ENSG00000113749
ENSG00000134489
ENSG00000185122
ENSG00000080824
ENSG00000096384
ENSG00000166598
ENSG00000187522
ENSG00000204389
ENSG00000204388
ENSG00000204390
ENSG00000126803
ENSG00000170606
ENSG00000173110
ENSG00000109971
ENSG00000106211
ENSG00000133265
ENSG00000144381
ENSG00000205649
ENSG00000114378
ENSG00000149428
ENSG00000090339
ENSG00000108622
ENSG00000076662
ENSG00000105371

PLAUR
PLCB1
PLCB2
PLCB3
PLCB4
PLCG1
PLCG2
PLCL2
PLEC
PLEK
PLEKHGS

POU2AF1
POU2F2
PPARG
PPARGCIA
PPARGCI1B
PPBP

ENSG00000011422
ENSG00000182621
ENSG00000137841
ENSG00000149782
ENSG00000101333
ENSG00000124181
ENSG00000197943
ENSG00000154822
ENSG00000178209
ENSG00000115956
ENSG00000171680
ENSG00000122194
ENSG00000166851
ENSG00000173846
ENSG00000188313
ENSG00000100979
ENSG00000161381
ENSG00000221866
ENSG00000136040
ENSG00000141682
ENSG00000140464
ENSG00000122512
ENSG00000198805
ENSG00000177084
ENSG00000171453
ENSG00000186184
ENSG00000099817
ENSG00000100142
ENSG00000163882
ENSG00000147669
ENSG00000177700
ENSG00000148606
ENSG00000013503
ENSG00000186141
ENSG00000168495
ENSG00000058600
ENSG00000132664
ENSG00000113356
ENSG00000121851
ENSG00000100413
ENSG00000161980
ENSGO00000115138
ENSG00000128513
ENSG00000110777
ENSG00000028277
ENSG00000132170
ENSG00000109819
ENSG00000155846
ENSG00000163736
ENSG00000196262
ENSG00000131013
ENSG00000100614
ENSG00000138032
ENSG00000170836
ENSG00000172531
ENSG00000186298
ENSG00000138814
ENSG00000107758
ENSG00000120910
ENSG00000221823
ENSG00000188386
ENSG00000149923
ENSG00000011485
ENSG00000230510
ENSG00000057657
ENSG00000126432
ENSG00000117592
ENSG00000124126
ENSG00000180644
ENSG00000186652
ENSG00000132356
ENSG00000162409
ENSG00000072062
ENSG00000142875
ENSG00000165059
ENSG00000154229
ENSG00000166501
ENSG00000163932
ENSG00000171132
ENSG00000126583
ENSG00000027075
ENSGO00000065675
ENSG00000067606
ENSG00000253729
ENSG00000180228
ENSG00000183943
ENSG00000172179
ENSG00000113494
ENSG00000126457
ENSG00000171867
ENSGO00000115718
ENSG00000101000
ENSG00000007062

ENSG00000128591
ENSG00000122025
ENSG00000037280
ENSG00000170345
ENSG00000125798
ENSG00000141568
ENSG00000109101
ENSG00000150907
ENSG00000160703
ENSG00000123609
ENSG00000106100
ENSG00000167207
ENSG00000140939
ENSG00000182117
ENSG00000196943
ENSG00000007171
ENSG00000148400
ENSG00000134250
ENSG00000007952
ENSG00000086991
ENSG00000188747
ENSG00000141458
ENSG00000119655
ENSG00000141279
ENSG00000181163
ENSG00000156642
ENSG00000025434
ENSG00000012504
ENSG00000113580
ENSG00000123358
ENSG00000119508
ENSG00000116833
ENSG00000213281
ENSG00000180530
ENSG00000122643
ENSGO00000135318
ENSG00000185652
ENSG00000225950
ENSG00000065320
ENSG00000198400
ENSG00000148053
ENSG00000015676
ENSG00000133961
ENSG00000105245
ENSG00000124789
ENSG00000126883
ENSG00000167693
ENSG00000089127
ENSG00000111335
ENSG00000111331
ENSG00000135114
ENSG00000102837
ENSG00000123240
ENSG00000262628
ENSG00000105397
ENSG00000092445
ENSG00000011600
ENSG00000198874
ENSG00000160201
ENSG00000063244
ENSG00000160185
ENSG00000150991
ENSG00000213886
ENSG00000177889
ENSG00000135018
ENSG00000104517
ENSG00000154277
ENSG00000175567
ENSG00000111981
ENSG00000131015
ENSG00000131019
ENSG00000177169
ENSG00000083290
ENSG00000140474
ENSG00000177398
ENSG00000109103
ENSG00000092929
ENSG00000124602
ENSG00000110057
ENSG00000076248
ENSG00000103005
ENSG00000184979
ENSG00000036672
ENSG00000114316
ENSG00000136014
ENSGO00000187555
ENSG00000125753
ENSG00000141968
ENSG00000160293
ENSG00000134215
ENSG00000162692
ENSG00000038427
ENSG00000111424

12



C9orf47
CAB39
CAB39L
CACNAIA
CACNAIB
CACNAIC
CACNAID
CACNAIE
CACNAIF
CACNAIG
CACNAIH
CACNAII
CACNAIS
CACNA2D1
CACNA2D2
CACNA2D3
CACNA2D4
CACNBI
CACNB2
CACNB3
CACNB4
CACNGI1
CACNG2
CACNG3
CACNG4
CACNGS5
CACNG6
CACNG7
CACNG8
CALCA
CALCOCO2
CALMI
CAMKI1
CAMK2A
CAMK2B
CAMK2D
CAMK2G
CAMK4
CAMKK?2
CAMLG
CAMP
CANX
CAPN1
CAPN2
CAPRIN1
CARDI11
CARD14
CARDI16

ENSG00000108561
ENSG00000159189
ENSG00000131094
ENSG00000144119
ENSGO00000165985
ENSG00000186897
ENSG00000145861
ENSG00000082196
ENSG00000172247
ENSG00000223953
ENSG00000133466
ENSG00000163145
ENSG00000159403
ENSG00000139178
ENSG00000182326
ENSG00000166278
ENSG00000125730
ENSG00000171860
ENSG00000244731
ENSG00000224389
ENSG00000123838
ENSG00000123843
ENSG00000106804
ENSG00000197405
ENSG00000181751
ENSG00000039537
ENSG00000112936
ENSG00000157131
ENSG00000021852
ENSG00000176919
ENSG00000113600
ENSG00000186354
ENSG00000135932
ENSG00000102547
ENSG00000141837
ENSG00000148408
ENSG00000151067
ENSGO00000157388
ENSG00000198216
ENSG00000102001
ENSG00000006283
ENSGO00000196557
ENSG00000100346
ENSG00000081248
ENSG00000153956
ENSG00000007402
ENSGO00000157445
ENSG00000151062
ENSG00000067191
ENSG00000165995
ENSGO00000167535
ENSG00000182389
ENSG00000108878
ENSG00000166862
ENSG00000006116
ENSG00000075461
ENSG00000075429
ENSG00000130433
ENSG00000105605
ENSG00000142408
ENSG00000110680
ENSG00000136436
ENSG00000198668
ENSG00000134072
ENSG00000070808
ENSG00000058404
ENSG00000145349
ENSG00000148660
ENSG00000152495
ENSG00000110931
ENSG00000164615
ENSG00000164047
ENSG00000127022
ENSG00000014216
ENSG00000162909
ENSG00000135387
ENSG00000198286
ENSG00000141527
ENSG00000204397
ENSG00000255501
ENSG00000132357
ENSG00000105483
ENSG00000187796
ENSG00000167971
ENSG00000137752
ENSG00000003400
ENSG00000204403
ENSG00000106144
ENSG00000164305
ENSG00000196954
ENSG00000137757
ENSG00000138794
ENSG00000165806

ENSG00000163600
ENSG00000160223
ENSG00000117318
ENSG00000138413
ENSG00000182054
ENSG00000131203
ENSG00000010404
ENSG00000127415
ENSG00000163565
ENSG00000165949
ENSG00000216490
ENSG00000068079
ENSG00000137965
ENSG00000137959
ENSG00000126709
ENSG00000115267
ENSGO00000185745
ENSG00000204010
ENSG00000119922
ENSG00000119917
ENSGO00000185885
ENSG00000185201
ENSG00000142089
ENSG00000206013
ENSG00000197919
ENSG00000186803
ENSG00000233816
ENSG00000228083
ENSG00000147885
ENSG00000234829
ENSG00000188379
ENSG00000137080
ENSG00000236637
ENSG00000147873
ENSG00000120235
ENSG00000214042
ENSG00000120242
ENSG00000142166
ENSG00000159110
ENSGO00000171855
ENSG00000184995
ENSG00000111537
ENSG00000027697
ENSG00000159128
ENSG00000147896
ENSG00000177047
ENSG00000017427
ENSG00000140443
ENSG00000197081
ENSG00000211895
ENSG00000211890
ENSG00000211891
ENSG00000211896
ENSG00000211893
ENSG00000211897
ENSG00000211892
ENSG00000211899
ENSG00000211592
ENSG00000128322
ENSG00000162729
ENSG00000070061
ENSG00000104365
ENSG00000263528
ENSG00000269335
ENSG00000185811
ENSG00000030419
ENSG00000161405
ENSG00000136634
ENSG00000110324
ENSG00000243646
ENSG00000095752
ENSG00000137070
ENSG00000168811
ENSG00000113302
ENSG00000096996
ENSG00000081985
ENSG00000169194
ENSG00000131724
ENSG00000123496
ENSG00000164136
ENSG00000134470
ENSG00000172349
ENSGO00000112115
ENSG00000127743
ENSG00000124391
ENSG00000172458
ENSG00000112116
ENSG00000177663
ENSG00000056736
ENSG00000163702
ENSG00000144730
ENSG00000163701
ENSG00000150782

PROS1
PRPF40B
PRPF8
PRRC2A
PRSS16
PRSS23
PRTN3
PRTN3
PSAP
PSG1
PSIP1
PSMA7
PSMB10
PSMB5
PSMB6
PSMB7
PSMB8
PSMB9
PSME1
PSME2
PSME3
PSMF1
PSMG1
PSTPIP1
PTAFR
PTCH1
PTEN
PTGER4
PTGES
PTGES2
PTGFRN
PTGS2
PTK2
PTK2B
PTMA
PTPNI11
PTPN2
PTPN22
PTPNS
PTPN6
PTPN7
PTPRC
PTPRCAP
PTPRE
PTPRJ
PTPRR
PTPRU
PTX3
PURA
PUSI
PVR
PVRLI
PVRL2
PVTI

PXN
PXT1
PYCARD
PYDC1
PYHINI1
RABI1A
RAB27A
RABSA
RAC1
RAC2
RAC3
RAD21
RAD23A
RADS50
RADSIB
RAETIE
RAETIG
RAETIL
RAF1
RAGI1

RANBP9
RAPIA
RAPIB
RAPGEF2
RARRES2
RASA1
RASA2
RASGEFIB
RASGRF1
RASGRF2
RASGRP1
RASGRP2
RASGRP3
RASGRP4
RB1
RBBP4
RBBP7

ENSG00000184500
ENSG00000110844
ENSG00000174231
ENSG00000204469
ENSG00000112812
ENSG00000150687
ENSGO00000196415
ENSG00000277804
ENSG00000197746
ENSG00000231924
ENSG00000164985
ENSG00000101182
ENSG00000205220
ENSG00000100804
ENSG00000142507
ENSG00000136930
ENSG00000204264
ENSG00000240065
ENSG00000092010
ENSG00000100911
ENSG00000131467
ENSG00000125818
ENSG00000183527
ENSG00000140368
ENSG00000169403
ENSG00000185920
ENSG00000171862
ENSG00000171522
ENSG00000148344
ENSG00000148334
ENSG00000134247
ENSG00000073756
ENSG00000169398
ENSG00000120899
ENSG00000187514
ENSG00000179295
ENSG00000175354
ENSG00000134242
ENSG00000110786
ENSG00000111679
ENSG00000143851
ENSG00000081237
ENSG00000213402
ENSG00000132334
ENSG00000149177
ENSG00000153233
ENSG00000060656
ENSG00000163661
ENSG00000185129
ENSG00000177192
ENSG00000073008
ENSG00000110400
ENSG00000130202
ENSG00000249859
ENSG00000168297
ENSG00000089159
ENSG00000179165
ENSG00000103490
ENSG00000169900
ENSG00000163564
ENSG00000103769
ENSG00000069974
ENSG00000167461
ENSG00000136238
ENSG00000128340
ENSG00000169750
ENSG00000164754
ENSG00000179262
ENSG00000113522
ENSG00000182185
ENSG00000164520
ENSG00000203722
ENSGO00000155918
ENSGO00000132155
ENSG00000166349
ENSG00000175097
ENSG00000010017
ENSG00000116473
ENSG00000127314
ENSG00000109756
ENSG00000106538
ENSGO00000145715
ENSG00000155903
ENSG00000138670
ENSGO00000058335
ENSG00000113319
ENSGO00000172575
ENSG00000068831
ENSG00000152689
ENSG00000171777
ENSG00000139687
ENSG00000162521
ENSG00000102054

FAM172BP
FAM46C
FAMS53B
FAMB4B
FANCA
FANCB
FANCC
FANCD2
FANCE
FANCF
FANCI
FANCL
FANCM
FAS
FASLG
FBXO11
FBXW5
FBXW7
FCAMR
FCAR
FCERIA
FCERIG
FCER2
FCGRIA
FCGR2A
FCGR2B
FCGR2C
FCGR3A
FCGR3B
FCGRT

NDFIP1
NDUFAF4P4
NDUEFS3
NEU1
NF1
NFATS
NFATC1
NFATC2
NFATC3
NFATC4
NFE2L2
NFIL3
NFKBI1
NFKB2
NFKBIA
NFKBIB
NFKBIE
NFKBIL1
NFKBIZ
NFRKB
NGF
NHEJ1
NHP2
NKIRAS1
NKIRAS2
NKX2-3
NKX2-5
NKX3-1
NLK
NLRC3
NLRC4
NLRC5
NLRP1
NLRP10
NLRP11
NLRP12
NLRP13
NLRP14
NLRP2
NLRP3
NLRP4

ENSGO00000112715
ENSG00000173511
ENSG00000150630
ENSG00000151650
ENSG00000134086
ENSG00000147852
ENSGO00000117525
ENSG00000198734
ENSG00000057593
ENSG00000185010
ENSG00000101981
ENSG00000168040
ENSG00000149485
ENSG00000134824
ENSG00000221968
ENSG00000175841
ENSG00000183508
ENSG00000258539
ENSG00000168672
ENSG00000187741
ENSG00000181544
ENSG00000158169
ENSG00000144554
ENSG00000112039
ENSG00000183161
ENSG00000140525
ENSG00000115392
ENSG00000187790
ENSG00000026103
ENSG00000117560
ENSG00000138081
ENSG00000159069
ENSG00000109670
ENSG00000162897
ENSG00000186431
ENSG00000179639
ENSG00000158869
ENSG00000104921
ENSG00000150337
ENSG00000143226
ENSG00000072694
ENSG00000244682
ENSG00000203747
ENSG00000162747
ENSG00000104870
ENSG00000085265
ENSG00000160339
ENSG00000142748
ENSG00000163534
ENSG00000160856
ENSG00000143297
ENSG00000132185
ENSG00000131507
ENSG00000231378
ENSG00000213619
ENSG00000204386
ENSG00000196712
ENSG00000102908
ENSG00000131196
ENSG00000101096
ENSG00000072736
ENSG00000100968
ENSG00000116044
ENSG00000165030
ENSG00000109320
ENSG00000077150
ENSG00000100906
ENSG00000104825
ENSG00000146232
ENSG00000204498
ENSG00000144802
ENSG00000170322
ENSG00000134259
ENSG00000187736
ENSG00000145912
ENSG00000197885
ENSG00000168256
ENSG00000119919
ENSG00000183072
ENSG00000167034
ENSG00000087095
ENSG00000167984
ENSG00000091106
ENSG00000140853
ENSG00000091592
ENSG00000182261
ENSG00000179873
ENSG00000142405
ENSG00000173572
ENSG00000158077
ENSG00000022556
ENSG00000162711
ENSG00000160505
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CASP8
CASP9
CAV1
CBL
CBLB
CBLC
CCBElL
CCDCS88A
CCL1
CCL11
CCL13
CCL14
CCL15
CCL15-CCL14
CCL16
CCL17
CCL18
CCL19
CCL2
CCL20
CCL21
CCL22
CCL23
CCL24
CCL25
CCL26
CCL27
CCL28

CD200RIL
CD207

ENSG00000064012
ENSG00000132906
ENSG00000105974
ENSG00000110395
ENSG00000114423
ENSG00000142273
ENSG00000183287
ENSGO00000115355
ENSG00000108702
ENSG00000172156
ENSG00000181374
ENSG00000276409
ENSG00000275718
ENSG00000275688
ENSG00000275152
ENSG00000102970
ENSGO00000275385
ENSG00000172724
ENSG00000108691
ENSG00000115009
ENSG00000137077
ENSG00000102962
ENSG00000274736
ENSG00000106178
ENSG00000131142
ENSG00000006606
ENSG00000213927
ENSG00000151882
ENSG00000277632
ENSG00000277796
ENSG00000276085
ENSG00000275302
ENSG00000276070
ENSG00000271503
ENSG00000108688
ENSG00000108700
ENSG00000145386
ENSG00000110092
ENSG00000118971
ENSG00000112576
ENSG00000105173
ENSGO00000129315
ENSG00000163823
ENSG00000184451
ENSG00000121807
ENSG00000183625
ENSG00000183813
ENSG00000160791
ENSG00000112486
ENSG00000126353
ENSG00000179934
ENSGO00000173585
ENSG00000121797
ENSG00000151014
ENSG00000134256
ENSGO00000156535
ENSG00000170458
ENSG00000177697
ENSG00000117281
ENSGO00000177575
ENSGO00000135535
ENSG00000174950
ENSG00000134061
ENSGO00000177455
ENSG00000158477
ENSGO00000158485
ENSG00000158481
ENSG00000158473
ENSG00000158488
ENSG00000116824
ENSG00000091972
ENSG00000163606
ENSG00000206531
ENSG00000116031
ENSG00000090659
ENSG00000012124
ENSG00000150637
ENSG00000122223
ENSG00000198821
ENSG00000174807
ENSG00000139193
ENSG00000120217
ENSG00000103855
ENSG00000178562
ENSG00000198087
ENSG00000169217
ENSG00000167851
ENSG00000167850
ENSG00000186407
ENSG00000178789
ENSG00000186074
ENSG00000161649
ENSG00000241399

IL18BP
IL18R1
IL18RAP

IL21R-AS1
1L22
IL22RA1
IL22RA2
IL23A
IL23R
1L24

IL6ST
L7
IL7R
L9
IL9R
ILF2
ILF3
IMPDH2
ING4
INHBA
INOS0
INPP5D
INS
INSIG1
INSR
INTS12
IP6K 1
IQCB1
IQGAP1
IRAK 1
IRAK1BP1
IRAK2

ENSG00000137496
ENSG00000115604
ENSG00000115607
ENSG00000142224
ENSG00000115008
ENSG00000125538
ENSG00000136697
ENSG00000115594
ENSG00000115590
ENSG00000196083
ENSG00000169306
ENSG00000189108
ENSG00000115602
ENSGO00000115598
ENSG00000136689
ENSG00000109471
ENSG00000162891
ENSG00000016402
ENSG00000174564
ENSG00000138684
ENSG00000103522
ENSG00000259954
ENSG00000127318
ENSG00000142677
ENSG00000164485
ENSG00000110944
ENSG00000162594
ENSG00000162892
ENSG00000166090
ENSG00000111536
ENSG00000197272
ENSG00000104998
ENSG00000134460
ENSG00000100385
ENSG00000147168
ENSG00000164399
ENSG00000204671
ENSG00000164509
ENSG00000008517
ENSG00000137033
ENSG00000136694
ENSGO00000136688
ENSG00000136695
ENSG00000125571
ENSG00000185291
ENSG00000113520
ENSG00000104951
ENSG00000077238
ENSGO00000113525
ENSG00000091181
ENSG00000136244
ENSG00000160712
ENSG00000134352
ENSG00000104432
ENSGO00000168685
ENSG00000145839
ENSG00000124334
ENSG00000143621
ENSG00000129351
ENSG00000178035
ENSG00000111653
ENSG00000122641
ENSG00000128908
ENSG00000168918
ENSG00000254647
ENSG00000186480
ENSG00000171105
ENSGO00000138785
ENSG00000176095
ENSG00000173226
ENSG00000140575
ENSG00000184216
ENSG00000146243
ENSG00000134070
ENSG00000090376
ENSG00000198001
ENSG00000125347
ENSG00000168310
ENSG00000170604
ENSG00000126456
ENSG00000137265
ENSG00000128604
ENSG00000117595
ENSG00000185507
ENSG00000140968
ENSG00000213928
ENSG00000237693
ENSG00000169047
ENSG00000187608
ENSG00000172183
ENSG00000159556
ENSG00000078747
ENSG00000129636

RNASEH2A
RNASEH2B
RNASEH2C
RNASEL
RNF125
RNF135
RNF168
RNF31
RNF41
RNF5
ROCK1
ROCK2
ROR1
RORA
RORC
RPA1
RPL10
RPLI11
RPLI15
RPL19
RPL35A

RPS15AP6
RPS16
RPS17
RPS19
RPS2
RPS24
RPS26
RPS28
RPS29
RPS6
RPS6KAL
RPS6KA2
RPS6KA3
RPS6KA4
RPS6KAS
RPS6KA6
RPS6KBI1
RPS6KB2

ENSG00000125826
ENSG00000185272
ENSG00000265241
ENSG00000168214
ENSG00000159200
ENSG00000117602
ENSG00000089902
ENSG00000160957
ENSG00000143954
ENSG00000134193
ENSG00000162924
ENSG00000173039
ENSG00000104856
ENSG00000084093
ENSGO00000163515
ENSG00000131378
ENSG00000132005
ENSG00000143390
ENSG00000064490
ENSG00000133111
ENSG00000174136
ENSG00000090104
ENSG00000169220
ENSG00000116741
ENSG00000112077
ENSG00000129667
ENSG00000188672
ENSG00000187010
ENSG00000106615
ENSG00000067560
ENSG00000177105
ENSG00000168421
ENSG00000164327
ENSG00000137275
ENSG00000104312
ENSG00000129465
ENSG00000143622
ENSG00000159753
ENSG00000175643
ENSG00000277027
ENSG00000165799
ENSG00000104889
ENSG00000136104
ENSG00000172922
ENSG00000135828
ENSG00000101695
ENSG00000181481
ENSG00000163961
ENSG00000092098
ENSG00000181852
ENSG00000204308
ENSG00000067900
ENSG00000134318
ENSG00000185483
ENSG00000069667
ENSG00000143365
ENSG00000132383
ENSG00000147403
ENSG00000142676
ENSG00000174748
ENSG00000108298
ENSG00000182899
ENSG00000122406
ENSG00000124614
ENSG00000115268
ENSG00000233072
ENSG00000105193
ENSG00000182774
ENSG00000105372
ENSG00000140988
ENSG00000138326
ENSG00000197728
ENSG00000233927
ENSG00000213741
ENSG00000137154
ENSG00000117676
ENSG00000071242
ENSG00000177189
ENSG00000162302
ENSG00000100784
ENSG00000072133
ENSG00000108443
ENSG00000175634
ENSG00000171863
ENSG00000168028
ENSG00000141564
ENSG00000155876
ENSG00000083750
ENSG00000116954
ENSG00000025039
ENSG00000126458
ENSGO00000133818
ENSG00000134321

ENSG00000171487
ENSG00000174885
ENSG00000167634
ENSG00000179709
ENSG00000185792
ENSG00000122779
ENSG00000121060
ENSG00000234127
ENSG00000204713
ENSG00000130726
ENSG00000119401
ENSG00000152503
ENSG00000108395
ENSG00000112343
ENSG00000155890
ENSG00000134253
ENSG00000132481
ENSG00000168930
ENSG00000132256
ENSG00000146755
ENSG00000147573
ENSG00000169871
ENSG00000162722
ENSG00000121236
ENSG00000176979
ENSG00000183439
ENSG00000116525
ENSG00000158022
ENSG00000141569
ENSG00000166436
ENSG00000119283
ENSG00000146054
ENSG00000206557
ENSG00000171206
ENSG00000100505
ENSG00000087077
ENSG00000072756
ENSG00000142185
ENSG00000187688
ENSG00000165699
ENSG00000103197
ENSG00000157514
ENSG00000123297
ENSG00000145777
ENSG00000184205
ENSG00000158526
ENSG00000198677
ENSG00000068724
ENSG00000101162
ENSG00000178952
ENSG00000153066
ENSG00000265972
ENSG00000066044
ENSG00000120690
ENSG00000109381
ENSG00000102034
ENSG00000126767
ENSG00000158711
ENSG00000155849
ENSG00000179387
ENSG00000134759
ENSG00000171617
ENSG00000106991
ENSGO00000138185
ENSG00000163508
ENSG00000100393
ENSG00000116016
ENSG00000166947
ENSG00000130427
ENSG00000187266
ENSG00000127527
ENSG00000151491
ENSG00000121053
ENSG00000164307
ENSG00000112851
ENSG00000182150
ENSG00000087502
ENSG00000107566
ENSG00000178607
ENSG00000139163
ENSG00000134954
ENSGO00000157557
ENSG00000139083
ENSG00000010030
ENSG00000067208
ENSG00000108799
ENSG00000106462
ENSG00000092820
ENSG00000126218
ENSG00000088926
ENSG00000131187
ENSG00000124491
ENSG00000143278
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ENSGO00000167775
ENSG00000105383
ENSG00000174059
ENSGO00000135218
ENSG00000104894
ENSG00000004468
ENSG00000167286
ENSG00000198851
ENSG00000117877
ENSG00000160654
ENSG00000010610
ENSG00000101017
ENSG00000102245
ENSG00000026508
ENSG00000117335
ENSG00000196776
ENSG00000117091
ENSG00000110448
ENSG00000169442
ENSG00000143119
ENSG00000196352
ENSGO00000116815
ENSG00000085063
ENSG00000073754
ENSG00000013725
ENSG00000135404
ENSG00000129226
ENSG00000110848
ENSG00000173762
ENSG00000125726
ENSG00000137101
ENSG00000019582
ENSG00000105369
ENSG00000007312
ENSG00000121594
ENSG00000110651
ENSG00000085117
ENSG00000112149
ENSG00000066294
ENSG00000114013
ENSG00000153563
ENSG00000172116
ENSG00000010278
ENSG00000125810
ENSG00000153283
ENSG00000002586
ENSG00000102181
ENSG00000140326
ENSG00000101224
ENSG00000070831
ENSG00000144354
ENSG00000107736
ENSG00000062038
ENSG00000179776
ENSG00000123374
ENSG00000135446
ENSG00000105810
ENSG00000136807
ENSG00000124762
ENSG00000147889
ENSG00000147883
ENSG00000079385
ENSG00000170956
ENSG00000105388
ENSG00000086548
ENSG00000124469
ENSG00000245848
ENSG00000172216
ENSG00000221869
ENSG00000092067
ENSG00000093072
ENSG00000138092
ENSG00000166037
ENSG00000243649
ENSG00000197766
ENSG00000000971
ENSG00000244414
ENSG00000080910
ENSG00000276911
ENSGO00000116785
ENSG00000134365
ENSG00000134389
ENSG00000205403
ENSG00000003402
ENSG00000126759
ENSG00000001626
ENSG00000070748
ENSGO00000173575
ENSG00000171316
ENSG00000149554
ENSG00000100604
ENSG00000134121
ENSG00000213341

ITGA1
ITGA2
ITGA2B
ITGA3
ITGA4
ITGAS
ITGA6
ITGAD
ITGAE
ITGAL
ITGAM
ITGAV
ITGAX
ITGB1
ITGB2
ITGB3
ITGB4
ITK
ITPR1
ITPR3
JAGN1
JAK1
JAK2
JAK3
JAM3
JARID2
JAZF1
IMID7-PLA2G4B
JUN
JUND
KAT2B
KAZALDI1
KCNIJ8
KCNMAL1
KDM4A
KDM6A
KDR
KEAPI1
KEL
KHSRP
KIAA0226
KIF21B
KIF23
KIR2DL1
KIR2DL3
KIR2DL4
KIR2DP1
KIR2DS4
KIR3DL1
KIR3DL2
KIR3DX1
KIT
KITLG

LAMTOR2
LAMTOR3
LAP3

LAT

LAX1

LBH

ENSG00000213949
ENSG00000164171
ENSG00000005961
ENSG00000005884
ENSG00000115232
ENSG00000161638
ENSG00000091409
ENSG00000156886
ENSG00000083457
ENSG00000005844
ENSG00000169896
ENSG00000138448
ENSG00000140678
ENSG00000150093
ENSG00000160255
ENSG00000259207
ENSG00000132470
ENSG00000113263
ENSG00000150995
ENSG00000096433
ENSGO00000171135
ENSG00000162434
ENSG00000096968
ENSG00000105639
ENSG00000166086
ENSG00000008083
ENSG00000153814
ENSG00000168970
ENSG00000177606
ENSG00000130522
ENSG00000114166
ENSG00000107821
ENSG00000121361
ENSG00000156113
ENSG00000066135
ENSG00000147050
ENSG00000128052
ENSG00000079999
ENSG00000197993
ENSG00000088247
ENSG00000145016
ENSG00000116852
ENSG00000137807
ENSG00000125498
ENSG00000243772
ENSG00000189013
ENSG00000242473
ENSG00000221957
ENSG00000167633
ENSG00000240403
ENSG00000104970
ENSG00000157404
ENSG00000049130
ENSG00000105610
ENSG00000136826
ENSG00000172578
ENSG00000167748
ENSG00000164344
ENSG00000111796
ENSG00000134545
ENSG00000205809
ENSG00000205810
ENSG00000134539
ENSG00000213809
ENSG00000167548
ENSG00000113889
ENSG00000114030
ENSG00000133703
ENSG00000131650
ENSG00000186832
ENSG00000174611
ENSG00000198910
ENSG00000179630
ENSG00000089692
ENSG00000167613
ENSG00000167618
ENSG00000091128
ENSG00000185896
ENSG00000005893
ENSG00000078081
ENSG00000116586
ENSG00000109270
ENSG00000002549
ENSG00000213658
ENSG00000122188
ENSG00000213626
ENSG00000129988
ENSG00000213398
ENSG00000182866
ENSG00000148346
ENSG00000136167
ENSG00000043462
ENSG00000164406

RTEL1
RTKN2
RUNX1
RUNX3
RUSC1
RXRA
S100A10
S100A12
S100A8
S100A9
S1PR1

SDR42E1
SEC23B

SIGLEC10
SIGLECI11
SIGLEC15
SIGLECS
SIGLEC6
SIGLEC7
SIGLEC8
SIGLEC9
SIKE1
SIRPA
SIRT1
SIVAL
SKIV2L
SLA
SLAMF1

ENSG00000258366
ENSG00000182010
ENSG00000159216
ENSG00000020633
ENSG00000160753
ENSG00000186350
ENSG00000197747
ENSG00000163221
ENSG00000143546
ENSG00000163220
ENSG00000170989
ENSG00000173432
ENSG00000134339
ENSG00000177570
ENSG00000101347
ENSG00000155307
ENSG00000004139
ENSG00000119042
ENSG00000126524
ENSG00000133812
ENSG00000188322
ENSG00000139218
ENSG00000198794
ENSG00000073060
ENSG00000138760
ENSG00000074660
ENSG00000161055
ENSG00000047634
ENSG00000183873
ENSG00000115884
ENSG00000162512
ENSG00000124145
ENSG00000132581
ENSG00000128228
ENSG00000069188
ENSG00000184860
ENSG00000101310
ENSG00000007908
ENSG00000188404
ENSG00000174175
ENSG00000110876
ENSG00000075213
ENSG00000187764
ENSG00000138623
ENSG00000163904
ENSG00000197249
ENSG00000188488
ENSG00000197632
ENSG00000170542
ENSG00000117601
ENSG00000099937
ENSG00000106366
ENSG00000167711
ENSG00000149131
ENSG00000152217
ENSG00000099995
ENSG00000115524
ENSG00000106483
ENSG00000120057
ENSG00000122852
ENSG00000185303
ENSG00000133661
ENSGO00000118515
ENSG00000181523
ENSG00000111252
ENSG00000183918
ENSG00000198574
ENSG00000087266
ENSG00000161681
ENSG00000179526
ENSG00000160691
ENSG00000129946
ENSG00000148082
ENSG00000185634
ENSG00000196470
ENSG00000181788
ENSG00000185187
ENSG00000088827
ENSG00000142512
ENSG00000161640
ENSG00000197046
ENSG00000105501
ENSG00000105492
ENSG00000168995
ENSG00000105366
ENSG00000129450
ENSG00000052723
ENSG00000198053
ENSG00000096717
ENSG00000184990
ENSG00000204351
ENSG00000155926
ENSG00000117090

TRIM14

ENSG00000180210
ENSG00000181104
ENSG00000164251
ENSG00000164220
ENSG00000127533
ENSG00000158186
ENSG00000260314
ENSG00000011028
ENSG00000020922
ENSG00000183695
ENSG00000156738
ENSG00000149516
ENSG00000166930
ENSG00000116062
ENSG00000038945
ENSG00000173531
ENSG00000164078
ENSG00000182979
ENSG00000100714
ENSG00000198793
ENSG00000185499
ENSG00000090432
ENSG00000110921
ENSG00000157601
ENSG00000183486
ENSG00000101825
ENSG00000136997
ENSG00000172936
ENSG00000100345
ENSG00000065534
ENSG00000196535
ENSGO00000197535
ENSG00000162601
ENSG00000108784
ENSG00000249437
ENSG00000105835
ENSG00000151779
ENSG00000172915
ENSG00000160796
ENSG00000104320
ENSG00000149294
ENSGO00000158517
ENSG00000116701
ENSG00000100365
ENSG00000158092
ENSG00000071051
ENSG00000123338
ENSG00000196498
ENSG00000189430
ENSG00000096264
ENSG00000204475
ENSG00000050730
ENSG00000174292
ENSG00000078902
ENSG00000100284
ENSG00000154174
ENSG00000160949
ENSG00000141510
ENSG00000073282
ENSG00000078900
ENSG00000076554
ENSG00000129167
ENSG00000111669
ENSG00000115705
ENSG00000134900
ENSG00000197253
ENSG00000169902
ENSG00000186854
ENSG00000277734
ENSG00000102871
ENSGO00000056558
ENSG00000127191
ENSG00000131323
ENSG00000204104
ENSG00000056972
ENSG00000076604
ENSG00000082512
ENSG00000175104
ENSG00000131653
ENSG00000135148
ENSG00000183763
ENSG00000163519
ENSG00000259092
ENSG00000211825
ENSG00000118094
ENSG00000124731
ENSG00000095970
ENSG00000112195
ENSG00000213689
ENSGO00000071575
ENSG00000101255
ENSG00000204977
ENSG00000106785
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ENSG00000179583
ENSG00000114737
ENSG00000217555
ENSG00000175505
ENSG00000132514
ENSG00000172322
ENSG00000038532
ENSG00000165682
ENSG00000111729
ENSG00000198178
ENSG00000166527
ENSG00000166523
ENSG00000104938
ENSG00000258227
ENSG00000205846
ENSG00000172243
ENSG00000197992
ENSG00000184293
ENSG00000130779
ENSG00000106665
ENSG00000109684
ENSG00000162129
ENSG00000141367
ENSG00000120885
ENSG00000092009
ENSG00000174600
ENSG00000089505
ENSG00000140932
ENSG00000140931
ENSG00000183723
ENSG00000166091
ENSG00000091317
ENSG00000153551
ENSG00000170293
ENSG00000149970
ENSG00000117519
ENSG00000088038
ENSG00000080802
ENSG00000155508
ENSG00000137161
ENSG00000119865
ENSG00000242689
ENSG00000122756
ENSG00000044459
ENSG00000100473
ENSG00000133103
ENSG00000142156
ENSG00000118004
ENSG00000158270
ENSG00000122218
ENSG00000121022
ENSG00000198612
ENSG00000102879
ENSG00000106789
ENSGO00000131055
ENSG00000135940
ENSG00000080618
ENSG00000203710
ENSG00000197721
ENSG00000117322
ENSG00000169372
ENSG00000118260
ENSG00000005339
ENSG00000182809
ENSG00000167193
ENSG00000099942
ENSG00000006016
ENSG00000205755
ENSG00000176390
ENSG00000132693
ENSG00000109846
ENSG00000184371
ENSG00000182578
ENSG00000164400
ENSG00000198223
ENSG00000100368
ENSG00000108342
ENSG00000119535
ENSG00000136488
ENSG00000213218
ENSG00000103653
ENSG00000183117
ENSG00000135222
ENSG00000077984
ENSG00000178971
ENSG00000102974
ENSG00000150281
ENSG00000163599
ENSG00000119326
ENSG00000168036
ENSG00000198561
ENSG00000171793
ENSG00000164733

LEF1
LEP
LEPR
LGALSI1
LGALS2
LGALS3
LGALS3BP
LGALS4
LGALSS
LGALS9
LGMN
LGR4
LIF
LIFR

LTB4R2
LTBR
LTF
LUC7L2
LUM
LY6E
LY6E
LY75
LY86
LY9
LY9%6
LYG2
LYN
LYNX1
LYST
LYz
MADILI
MAF
MAFB
MAGTI1
MAL
MALTI1
MANBA
MAPILC3C
MAP2K1
MAP2K2
MAP2K3
MAP2K4
MAP2KS5
MAP2K6
MAP2K7
MAP3K1
MAP3K11
MAP3K12
MAP3K13
MAP3K14
MAP3K2
MAP3K3
MAP3K4
MAP3KS5
MAP3K6
MAP3K7
MAP3K8
MAP4K1
MAP4K2
MAP4K3
MAP4K4
MAP9

ENSG00000138795
ENSG00000174697
ENSG00000116678
ENSG00000100097
ENSG00000100079
ENSG00000131981
ENSG00000108679
ENSG00000171747
ENSG00000116977
ENSG00000168961
ENSG00000100600
ENSG00000205213
ENSG00000128342
ENSG00000113594
ENSG00000105486
ENSG00000174405
ENSG00000104974
ENSG00000239998
ENSG00000273884
ENSG00000239961
ENSG00000187116
ENSG00000244482
ENSG00000104972
ENSG00000131042
ENSG00000204577
ENSGO00000186818
ENSG00000105609
ENSG00000107798
ENSG00000189067
ENSG00000087253
ENSG00000101577
ENSG00000167419
ENSG00000198589
ENSG00000171236
ENSG00000123384
ENSG00000136802
ENSG00000124831
ENSG00000093167
ENSG00000188906
ENSG00000130592
ENSG00000204482
ENSG00000226979
ENSG00000111144
ENSG00000227507
ENSG00000213903
ENSG00000213906
ENSG00000111321
ENSG00000012223
ENSG00000269955
ENSG00000139329
ENSG00000160932
ENSG00000278032
ENSG00000054219
ENSG00000112799
ENSG00000122224
ENSG00000154589
ENSG00000185674
ENSG00000254087
ENSG00000180155
ENSG00000143669
ENSG00000090382
ENSG00000002822
ENSG00000178573
ENSG00000204103
ENSG00000102158
ENSG00000172005
ENSG00000172175
ENSG00000109323
ENSG00000197769
ENSG00000169032
ENSG00000126934
ENSG00000034152
ENSG00000065559
ENSG00000137764
ENSG00000108984
ENSG00000076984
ENSG00000095015
ENSG00000173327
ENSG00000139625
ENSG00000073803
ENSG00000006062
ENSG00000169967
ENSG00000198909
ENSG00000085511
ENSG00000197442
ENSG00000142733
ENSG00000135341
ENSG00000107968
ENSG00000104814
ENSG00000168067
ENSG00000011566
ENSG00000071054
ENSG00000164114

SLAMF6
SLAMF7
SLAMF8
SLAMF9
SLCI1Al
SLC15A4
SLC19A2
SLC1A4
SLC22A3
SLC25A38
SLC29A3
SLC2A4RG
SLC35C1
SLC37A4
SLC3A2
SLC40A1
SLC44A1
SLC44A2
SLC46A1
SLC4A1
SLC6A12
SLC7All
SLC7AS5
SLCYAS
SLX4
SMAD3
SMAD4
SMAD6
SMAD7
SMARCA2
SMARCA4
SMARCALI1
SMARCEI1
SMCI1A
SMC3
SMPD1
SNAP23
SNCA
SNX27
SOAT2
SOCS1
SOCS2
SOCS3
SOCS4
SOCSs
SOCS6
SOCS7
SOD1
SOD3

ST6GALNACI1
STABI
STAG1

ENSG00000162739
ENSG00000026751
ENSG00000158714
ENSG00000162723
ENSG00000018280
ENSG00000139370
ENSG00000117479
ENSG00000115902
ENSG00000146477
ENSG00000144659
ENSG00000198246
ENSG00000125520
ENSG00000181830
ENSG00000137700
ENSG00000168003
ENSG00000138449
ENSG00000070214
ENSG00000129353
ENSG00000076351
ENSG00000004939
ENSG00000111181
ENSG00000151012
ENSG00000103257
ENSG00000197818
ENSG00000188827
ENSG00000166949
ENSG00000141646
ENSG00000137834
ENSG00000101665
ENSG00000080503
ENSG00000127616
ENSGO00000138375
ENSG00000073584
ENSG00000072501
ENSG00000108055
ENSG00000166311
ENSG00000092531
ENSG00000145335
ENSG00000143376
ENSG00000167780
ENSG00000185338
ENSG00000120833
ENSG00000184557
ENSG00000180008
ENSG00000171150
ENSG00000170677
ENSG00000274211
ENSG00000142168
ENSG00000109610
ENSG00000115904
ENSG00000100485
ENSG00000135899
ENSG00000079263
ENSG00000178287
ENSG00000091640
ENSG00000176170
ENSG00000066336
ENSG00000128040
ENSG00000133710
ENSG00000197471
ENSG00000159674
ENSGO00000118785
ENSG00000166068
ENSG00000198369
ENSG00000188766
ENSG00000164056
ENSG00000136158
ENSG00000187678
ENSG00000163554
ENSG00000070182
ENSG00000161011
ENSG00000197122
ENSG00000072310
ENSG00000198911
ENSG00000112658
ENSG00000174780
ENSG00000161547
ENSG00000271303
ENSG00000073849
ENSG00000070526
ENSG00000010327
ENSG00000118007
ENSG00000101972
ENSG00000136738
ENSGO00000115145
ENSG00000178078
ENSGO00000115415
ENSG00000170581
ENSG00000168610
ENSG00000138378
ENSG00000126561
ENSG00000173757
ENSG00000166888

TRIM15
TRIM21
TRIM22
TRIM23
DNMT3B
DOCK2
DOCK4
DOCKS8
DOK3
DPP4
DPY19L2
DRD2
DTNBP1
DUOX1
DUOX2
DUSP1
DUSP10
DUSP16
DUSP2
DUSP3
DUSP4
DUSP5
DUSP6
DUSP7
DUSP8
DUSP9
E2F1
EBF1

EIF4E2
EIF4EBP1
EIF4EBP2
ELANE
ELANE
MIR499A
MIRS17A
MIR517C
MIR548AN
MIR548G
MIRLET7B
MIRLET7C
MKLI1

ENSG00000204610
ENSG00000132109
ENSG00000132274
ENSG00000113595
ENSG00000088305
ENSG00000134516
ENSG00000128512
ENSG00000107099
ENSG00000146094
ENSG00000197635
ENSG00000177990
ENSG00000149295
ENSG00000047579
ENSG00000137857
ENSG00000140279
ENSG00000120129
ENSG00000143507
ENSG00000111266
ENSG00000158050
ENSG00000108861
ENSG00000120875
ENSG00000138166
ENSG00000139318
ENSG00000164086
ENSG00000184545
ENSG00000130829
ENSG00000101412
ENSG00000164330
ENSG00000221818
ENSG00000105246
ENSG00000130159
ENSG00000164176
ENSG00000078401
ENSG00000074266
ENSG00000138798
ENSG00000146648
ENSG00000135766
ENSG00000269858
ENSG00000129521
ENSG00000120738
ENSG00000204371
ENSG00000055332
ENSG00000063046
ENSG00000151247
ENSG00000175766
ENSG00000135930
ENSG00000187840
ENSG00000148730
ENSG00000197561
ENSG00000277571
ENSG00000207635
ENSG00000207734
ENSG00000207838
ENSG00000263515
ENSG00000221369
ENSG00000207875
ENSG00000199030
ENSG00000196588
ENSG00000079277
ENSG00000099875
ENSGO00000115648
ENSG00000167965
ENSG00000196549
ENSG00000142606
ENSG00000196611
ENSG00000166670
ENSG00000099953
ENSG00000275365
ENSG00000262406
ENSG00000137745
ENSG00000157227
ENSG00000102996
ENSG00000156103
ENSG00000198598
ENSG00000123342
ENSG00000087245
ENSG00000137674
ENSG00000154485
ENSG00000215914
ENSG00000189409
ENSG00000125966
ENSG00000008516
ENSG00000167346
ENSG00000137675
ENSG00000271447
ENSG00000149968
ENSG00000137673
ENSG00000118113
ENSG00000100985
ENSGO00000115275
ENSG00000172680
ENSG00000155363
ENSG00000117400
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DAGLB
DAPKI-IT1
DAXX
DCD
DCHS1
DCLREIC
DCN
DDAHI1
DDI1
DDIT3
DDIT4
DDR1
DDX1
DDX21
DDX3X
DDX41
DDX58
DEFA1
DEFA3
DEFA4
DEFAS
DEFA6
DEFBI1
DEFB103A
DEFB103B
DEFB105A
DEFB106A
DEFB119
DEFB123
DEFB4A
DHCR24
DHX36
DHX58
DHX9
DICERI1

ENSG00000109861
ENSG00000117984
ENSG00000174080
ENSG00000100448
ENSG00000103811
ENSG00000143387
ENSG00000135047
ENSG00000256043
ENSG00000163131
ENSG00000136943
ENSG00000172543
ENSG00000101160
ENSG00000044090
ENSG00000257923
ENSG00000006210
ENSG00000168329
ENSG00000163739
ENSG00000169245
ENSG00000169248
ENSG00000107562
ENSG00000156234
ENSG00000145824
ENSG00000161921
ENSG00000081041
ENSG00000163734
ENSG00000163735
ENSG00000124875
ENSGO00000138755
ENSG00000163464
ENSG00000180871
ENSG00000186810
ENSG00000121966
ENSG00000160683
ENSG00000172215
ENSG00000051523
ENSG00000165168
ENSGO00000172115
ENSG00000083799
ENSG00000019186
ENSG00000173198
ENSGO00000115165
ENSG00000170891
ENSG00000136848
ENSG00000173402
ENSG00000164535
ENSG00000236709
ENSG00000204209
ENSG00000161634
ENSG00000166341
ENSG00000152457
ENSG00000011465
ENSG00000153904
ENSG00000170967
ENSG00000175197
ENSG00000168209
ENSG00000204580
ENSG00000079785
ENSG00000165732
ENSG00000215301
ENSG00000183258
ENSG00000107201
ENSG00000206047
ENSG00000239839
ENSG00000164821
ENSG00000164816
ENSG00000164822
ENSG00000164825
ENSG00000176797
ENSG00000177243
ENSG00000186562
ENSG00000186579
ENSG00000180483
ENSG00000180424
ENSG00000171711
ENSG00000116133
ENSG00000174953
ENSG00000108771
ENSG00000135829
ENSG00000100697
ENSG00000101191
ENSG00000083520
ENSG00000130826
ENSG00000104901
ENSG00000075711
ENSG00000185559
ENSG00000187908
ENSG00000087470
ENSG00000119772

MAPK1
MAPK10
MAPKI11
MAPK12
MAPK13
MAPK14
MAPK3
MAPK6
MAPK7
MAPKS
MAPKSIP1
MAPKSIP2
MAPKSIP3
MAPK9
MAPKAPK2
MAPKAPK3
MAPKAPKS
MAPT
MARCHS5
MARCO
MASP1
MASP2
MAVS
MAX
MB21D1

MIF
MINOSI-NBL1/NBL1
MIR107
MIR10A
MIR10B
MIR1204
MIR1208
MIR122
MIR124-1
MIR125B1
MIR125B2
MIR126
MIR1275
MIR132
MIR133A1
MIR135B
MIR141
MIR145
MIR146A
MIR 149
MIR15B
MIR16-1
MIR16-2
MIR181A2
MIR187
MIR200C
MIR208B
MIR21
MIR212
MIR223
MIR23A
MIR23B
MIR302B
MIR3148
MIR372
MIR373
MIR497

ENSG00000100030
ENSG00000109339
ENSG00000185386
ENSG00000188130
ENSG00000156711
ENSG00000112062
ENSG00000102882
ENSG00000069956
ENSG00000166484
ENSG00000107643
ENSG00000121653
ENSG00000008735
ENSG00000138834
ENSG00000050748
ENSG00000162889
ENSG00000114738
ENSG00000089022
ENSG00000186868
ENSG00000198060
ENSG00000019169
ENSG00000127241
ENSG00000009724
ENSG00000088888
ENSG00000125952
ENSG00000164430
ENSG00000165471
ENSG00000197971
ENSG00000140943
ENSG00000012174
ENSG00000076706
ENSG00000143384
ENSG00000065328
ENSG00000104738
ENSG00000137337
ENSG00000135679
ENSG00000085276
ENSG00000125686
ENSG00000184634
ENSG00000213999
ENSG00000081189
ENSG00000103313
ENSG00000153208
ENSG00000168958
ENSG00000140545
ENSG00000163975
ENSG00000171109
ENSG00000116688
ENSG00000204520
ENSG00000204516
ENSG00000101871
ENSG00000080561
ENSG00000240972
ENSGO00000158747
ENSG00000198997
ENSG00000274592
ENSG00000207744
ENSG00000275264
ENSG00000221261
ENSG00000207778
ENSG00000275677
ENSG00000207971
ENSG00000207863
ENSG00000199161
ENSG00000221697
ENSG00000267200
ENSG00000276792
ENSG00000199059
ENSG00000207708
ENSG00000276365
ENSG00000277727
ENSG00000207611
ENSG00000207779
ENSG00000208006
ENSG00000198987
ENSG00000207595
ENSG00000207797
ENSG00000207713
ENSG00000215991
ENSG00000199004
ENSG00000267195
ENSG00000207939
ENSG00000207980
ENSG00000207563
ENSG00000274389
ENSG00000264788
ENSG00000199095
ENSG00000199143
ENSG00000273895

TAPBP
TAX1BP1
TAZ
TBK1
TBKBP1
TBL1XR1
TBX1
TBX21
TCEBI1
TCEB2
TCF3

ENSG00000167323
ENSG00000118046
ENSG00000104375
ENSG00000101109
ENSG00000117632
ENSG00000266173
ENSG00000103266
ENSG00000135604
ENSG00000076944
ENSG00000198829
ENSG00000165416
ENSG00000139531
ENSG00000178691
ENSG00000133789
ENSG00000097096
ENSG00000165025
ENSG00000100321
ENSG00000102003
ENSG00000100324
ENSG00000055208
ENSG00000157625
ENSG00000115353
ENSG00000164691
ENSG00000162367
ENSG00000136560
ENSG00000160551
ENSG00000149930
ENSG00000135090
ENSG00000168394
ENSG00000204267
ENSG00000231925
ENSG00000106052
ENSG00000102125
ENSG00000183735
ENSG00000198933
ENSGO00000177565
ENSG00000184058
ENSG00000073861
ENSGO00000154582
ENSG00000103363
ENSG00000071564
ENSG00000196628
ENSG00000081059
ENSG00000110719
ENSG00000100721
ENSG00000213231
ENSG00000185339
ENSG00000111802
ENSG00000135605
ENSG00000205356
ENSG00000120156
ENSG00000218336
ENSG00000270141
ENSG00000147601
ENSG00000132604
ENSG00000164362
ENSG00000138336
ENSG00000168769
ENSG00000226674
ENSG00000137203
ENSG00000003436
ENSG00000106327
ENSG00000072274
ENSG00000105329
ENSG00000092969
ENSG00000119699
ENSG00000120708
ENSG00000106799
ENSG00000163513
ENSG00000069702
ENSG00000198959
ENSG00000178726
ENSG00000137801
ENSG00000090534
ENSG00000151090
ENSG00000154096
ENSG00000156299
ENSG00000127666
ENSG00000243414
ENSG00000113845
ENSG00000102265
ENSG00000092330
ENSG00000150455
ENSG00000151005
ENSG00000137076
ENSG00000174125
ENSG00000174123
ENSG00000137462

TMED7
TMEMI126A
TMEM173
TMEM220
TMEM30A
TMIGD2
TNF
TNFAIP3
TNFAIP8L2
TNFRSF10A
TNFRSF10B
TNFRSF10C
TNFRSF10D
TNFRSF11A
TNFRSF12A
TNFRSF13B
TNFRSF13C
TNFRSF14
TNFRSF17
TNFRSF18
TNFRSF1A
TNFRSF1B
TNFRSF25
TNFRSF4
TNFRSF8
TNFRSF9
TNFSF10
TNFSF11
TNFSF12
TNFSF13
TNFSF13B
TNFSF14
TNFSF15
TNFSF4
TNFSF8
TNFSF9
TNIP1

ENSG00000005381
ENSG00000160588
ENSG00000153029
ENSG00000164342
ENSG00000136869
ENSG00000187554
ENSG00000174130
ENSG00000196664
ENSG00000101916
ENSG00000239732
ENSG00000141524
ENSG00000167895
ENSG00000134970
ENSG00000171202
ENSG00000184584
ENSG00000187824
ENSG00000112697
ENSG00000167664
ENSG00000232810
ENSG00000118503
ENSG00000163154
ENSG00000104689
ENSG00000120889
ENSGO00000173535
ENSG00000173530
ENSG00000141655
ENSG00000006327
ENSG00000240505
ENSG00000159958
ENSG00000157873
ENSG00000048462
ENSG00000186891
ENSG00000067182
ENSG00000028137
ENSG00000215788
ENSG00000186827
ENSG00000120949
ENSG00000049249
ENSG00000121858
ENSG00000120659
ENSG00000239697
ENSG00000161955
ENSG00000102524
ENSG00000125735
ENSG00000181634
ENSG00000117586
ENSG00000106952
ENSG00000125657
ENSG00000145901

Coding exons of listed genes were included in the custom sequencing panel. The table shows the
genes and Ensembl Gene IDs for each sequenced gene.
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Supplementary Table S3. GO terms for gene annotations.

Lymphocyte functions

Cell proliferation

Inflammation

G0:0031295

GO:2001185

GO:0008283

G0O:0042104

G0O:0006925

G0:0030217

G0:2000456

GO:0043616

G0:0042130

GO:0006954

GO:0045058

G0:2000457

G0:0097325

G0:0003249

GO:1900225

GO:0045066

G0:2000452

G0:1990705

G0:2000090

G0:1900227

GO:0045065

G0:2000451

G0O:0003263

GO:1905938

G0:1900226

GO:0045062

G0:2000450

GO:0035988

GO:1905937

GO:1900016

GO:0045061

G0:2000449

GO:0033687

GO:0060502

GO:1900015

G0O:0043029

G0:2000329

G0O:0007405

GO:0060916

GO:1900017

G0:0043316

G0:2000330

GO:0046651

G0:0035739

GO:0035492

GO:0043379

G0:0002941

GO:0035736

G0:0035491

GO:0043368

GO:0002158

GO:0035740

G0:0035490

G0:0043383

GO:0070661

GO:0060722

GO:0044546

GO:0070489

G0:2000553

GO:0072574

GO:0033091

GO:0071646

G0:0070231 G0:2000552 GO:0061517 GO:0033083 GO:0071647
G0O:0042093 G0:2000556 GO:0061516 GO:0033080 GO:0071648
GO:0042098 G0:2000551 G0:0035172 GO:0033087 GO:0071642
GO:0042110 GO:2000566 GO:0048144 GO:1902462 GO:0071640
G0:0035709 G0:2000565 GO:0051450 GO:1902460 GO:0071641
GO:0035704 GO:2000564 G0:0070341 GO:1902461 GO:0071607
GO:0035683 G0:2000563 G0:0070343 G0:0032945 GO:0071608

GO:0035685

GO:2000562

G0:0070342

G0:0032946

GO:0002861

GO:0035684

GO:2000561

G0:0042100

G0:0032817

GO:0002862

G0:0033079

GO:2000515

G0O:0097360

GO:0032818

GO:0002863

G0:0033078

GO:2000514

GO:0042098

G0:0032819

GO:0002864

GO:0072678

G0:2000519

G0O:0042127

GO:0071863

GO:0002865

GO:0072683

GO:2000518

GO:0097166

GO:0046646

GO:0002866

GO:0002870

G0:2000516

GO:0097168

GO:0046640

GO:0002874

GO:0002572 GO:1990654 GO:1901383 GO:0002875
GO:0002517 G0:2000328 G0:1990739 GO:1901382 GO:0002876
G0:0002456 G0:2000320 GO:1990863 GO:1901384 GO:0002877
GO:0120117 GO:0050862 G0:1990922 GO:0071338 GO:0002878
GO:0002360 GO:0050860 GO:0021534 GO:0071336 GO:0002879
GO:0002369 GO:0052156 GO:0060720 GO:0071337 GO:0002880

GO:0010818 G0:0090721 G0:0033079 G0:0002053 GO:0002881
GO:0050798 G0:0090717 G0:0032943 G0:0002322 GO:0002882
GO:0061485 G0:0002291 GO:0044565 G0:0002309 G0:0002673
GO:0051132 GO:2001188 GO:0071425 GO:0070667 GO:0002674
G0:0001913 G0O:2001189 GO:0071335 GO:0070668 GO:0002675
GO:0001866 G0:2001190 G0:0002174 G0:0033599 GO:0002676
GO:0001865 G0O:0043369 G0:0002176 G0:0072301 GO:0002677
GO:0001777 GO:0032829 GO:0002358 G0:0072203 GO:0002678
GO:1990656 G0:0032830 GO:0070662 G0:0072201 G0:0002523

G0:0072735 GO:0032831 G0:0072343 G0:0072198 G0:0002525
G0:0033292 G0:0032832 G0:0072137 G0O:0072126 G0:0002526
G0:0035398 GO:0002841 G0:0072135 GO:0072124 G0:0002527

G0O:0045059

GO:0002842

G0:0072122

G0:0072125

G0:0002528

GO:0045064

GO:0002852

G0:0072123

GO:0072111

G0:0002532

GO:0045063

G0:0002853

GO:0072110

G0:0072575

G0:0002533

GO:0045068

GO:0002854

GO:0072089

GO:1904935

G0:0002534

GO:0045067

G0:0002571

G0:0033278

GO:1904934

G0:0002535

GO:0045060

G0O:0002362

G0:0033002

GO:1904933

GO:0002536

GO:0045580

G0:0002302

G0:0101023

GO:1905315

G0:0002537

G0O:0042129

G0:0002294

G0:0022034

GO:1905564

GO:0002538

G0O:0042492

G0:0002298

G0:0022022

GO:1905563

G0O:0002539

G0:0035707 GO:1905400 GO:0061518 GO:1905562 G0:0002540
GO:0035712 GO:1905404 G0:0021928 G0:0022019 G0O:0002541
GO:0035711 GO:1905403 G0:0021929 GO:1904699 GO:0002544

G0:0035706

GO:1905402

G0:0021926

GO:1904698

G0:0002545

G0:0035705 GO:1905401 GO:0021846 G0:0021992 G0:0002437
GO:0035699 GO:1905399 GO:0048659 G0:0021923 G0:0002438
GO:0035688 G0:2001191 G0:0010463 G0:0021931 G0:0002439
GO:0035687 G0:2001192 G0:0050798 G0:0021924 G0:0002441
GO:0072736 G0:2001193 GO:0061485 G0:0021936 G0:0002442
G0:0033077 G0O:2000454 GO:0060038 G0:2001109 G0:0002349
GO:1902482 G0:2000453 GO:0060011 GO:2001110 G0:0002351
G0:1902483 G0:0052295 G0O:0036093 GO:2001111 G0:0002391
GO:0046630 GO:0052085 GO:0061351 GO:1904441 G0:0002393

GO:0046629

G0O:0090719

GO:0050674

G0:2000793

G0:0002232

GO:0046633

GO:0032834

G0:0050673

GO:2000648

GO:0002246

GO:0046631 G0:0032833 G0:0001935 G0O:2000647 G0:0002247
GO:0046632 GO:0052280 GO:0001866 G0:1902033 G0:0002248
G0:0002770 GO:0072679 GO:0001834 G0:1902034 G0:0002269
GO:0002680 GO:0071594 GO:0001787 GO:1902035 GO:1904597
GO:0002667 G0:0070242 GO:0001777 G0:2000179 GO:1904596

GO:0002512

G0:0070243

G0:0014009

G0:2000178

GO:1904598

G0:0002458

GO:0042092

G0:0014010

G0:2000177

G0:0050727

GO:0002364

GO:0072680

GO:0014856

G0:2000103

G0:0050729

G0:0002295 GO:0072681 GO:0014855 G0:2000102 GO:0050728
G0:0033371 GO:0071610 GO:0110021 G0:2000101 G0:0052259
G0:0072539 G0O:2000412 GO:0070444 G0:2000256 GO:0052256
G0:2000407 GO:2000411 GO:0003264 G0:2000255 G0:0052260

G0:2000404

G0:2000410

G0:0035206

G0:2000254

G0:0052032

G0:2000523

G0:2000413

GO:0048145

G0:2000231

G0O:0052036

GO:0010819

GO:0010837

G0:2000230

G0:0052035

GO:0050852

G0:2000399

G0:0090289

G0:2000229

G0O:0060265

GO:0050863

G0:2000398

GO:1904073

GO:0048662

GO:0060264

GO:0061470

G0O:0098915

GO:1904195

GO:0048661

GO:0060266

GO:0001768

G0:0002325

GO:0030888

GO:0048660

GO:1904784

GO:0036371

GO:0031294

GO:0070344

G0:0010456

G0:0090594

GO:0046006

GO:0043366

G0O:0042129

G0:0010626

GO:0106016

GO:0046007

G0:0002461

G0:1990789

G0:0010625

GO:0106014

GO:0046013

G0:0002437

GO:1990874

GO:0061469

GO:0106015

GO:0046014

GO:0050851

GO:1905936

GO:0060045

GO:0006953

GO:0006924

GO:1905024

GO:0035726

GO:0060044

GO:0031960

G0:1903903 GO:0019724 GO:0060721 G0O:0060043 GO:0006663
GO:0045591 G0:0097026 G0:0032944 G0:0060253 G0:0030851
G0O:0045590 G0O:0002348 G0O:0044342 GO:0060252 GO:0018910
GO:0045589 G0:0002350 GO:0071838 GO:1904705 GO:0043312

GO:0045581

GO:0071652

GO:0046630

GO:1904898

GO:0070400

GO:0045583

GO:0071609

GO:0046633

GO:1904897

G0:0097701

GO:0045582

G0:2000415

G0:0002359

GO:1904899

G0O:0042222

GO:0045585 G0O:2000414 GO:0070666 G0O:0061323 GO:0097388
GO:0045584 G0:0036399 GO:0033598 GO:0061325 G0O:0042033
GO:0045586 GO:0050854 G0O:0072263 GO:0061209 G0:1990772

GO:0043318

GO:0001806

G0O:0072091

GO:0050677

GO:1990774
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G0:0043317

GO:0060307

GO:0008284

GO:0050676

G0:0042533

G0:0043319

GO:1905026

GO:0008285

GO:0050679

GO:0042534

GO:0043374

GO:1905025

G0:0022018

GO:0050680

GO:0042535

G0O:0043367

G0O:0097048

G0:0022012

G0:0039015

GO:0042536

GO:0043381

G0:0097029

G0:0022013

G0O:0090095

GO:0042537

G0:0043380 G0:0097028 G0:0022020 GO:0051141 GO:0150076
GO:0043382 GO:0044565 G0:0022021 GO:0051142 GO:0034651
G0:0070238 G0:0002473 GO:1904697 GO:0051140 GO:0034650
G0:0070233 GO:0071649 G0:0021930 G0O:0001938 GO:0071644
G0:0070232 GO:0071653 G0:0021925 G0:0001937 GO:0071645
G0:0070234 GO:0071654 GO:0010464 G0:0014011 GO:0071643

G0:0042102

G0O:0072615

G0:0010624

GO:0014842

GO:0071606

G0:0042103 GO:0045222 GO:0060251 GO:0014859 GO:0046469
GO:0042104 GO:0035781 GO:0061270 GO:0014858 GO:0071385
G0:0042130 GO:0035780 GO:0050675 GO:0014857 GO:0071384

GO:0042722

GO:0050858

GO:0050678

G0:0003420

GO:0002558

GO:0035710

GO:0050857

GO:0001936

G0:0003265

GO:0002559

G0:0035739 G0:1990922 GO:0001833 GO:0003266 G0:0002524
G0:0035745 GO:0070266 GO:0014841 GO:0014844 G0:0002432
GO:0035744 GO:0071650 GO:0003419 GO:1901723 G0:0002445
GO:0035740 GO:0071651 GO:1902731 GO:1901722 GO:0016068
G0:0035783 G0O:0002460 GO:1902732 GO:1901724 GO:0008211

GO:0035697

GO:1904837

G0:0035207

GO:1901963

GO:0072538

G0:1902232

GO:1904863

G0:0035208

GO:1901964

GO:1903492

G0:0033153

G0:0045210

GO:0048146

G0:0003250

GO:0050752

G0:0033090

GO:0035724

G0O:0048147

G0:0003251

GO:0050751

G0:0033091

GO:0002569

G0:0010839

G0:0003252

GO:0050754

GO:0033082

G0:0002432

GO:0010838

G0:0003295

G0:0050753

G0:0033083

GO:0008626

G0:0090290

G0:2000092

GO:0050756

GO:0033080

GO:0048538

G0:0090291

G0:2000091

G0:0050755

GO:0033081

G0:0070244

GO:1904002

GO:0060501

G0:0050701

GO:0033086

G0:0070245

GO:1904003

G0O:0060505

G0:0039573

GO:0033087
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GO:0001794

G0:0002363

GO:0033088

G0O:2000080

G0:0032820

G0O:0002365

GO:0033089

GO:0060504

G0:0044340

G0:0002304

GO:0046647

GO:0060770

GO:0071864

G0:0002309

GO:0046644

GO:0060769

GO:0046647

GO:0002286

GO:0046645

GO:0060651

GO:0046648

G0:0002292

GO:0046648

GO:0035604

GO:0046642

G0O:0002296

GO:0046642

GO:1902727

GO:0046641

G0:0002297

GO:0046641

GO:1902728

G0:0002043

G0:0002299

GO:0046635

G0:0032821

G0:0002310

GO:0045623

GO:0046636

GO:0032822

GO:0002311

GO:0045624

GO:0046639

G0:0044343

G0:0002324

GO:0045622

GO:0046638

GO:1903588

G0:0002289

GO:0045628

GO:0002840

GO:1903589

GO:0072042

GO:0045625

GO:0002846

GO:1903587

G0:0072302

GO:0033374 GO:0002847 G0:0021922 G0:0072303
G0:0033375 GO:0002848 G0:0021939 G0:0072200
GO:0072540 GO:0002850 G0:0021938 G0:0072261
G0:2000455 GO:0002851 GO:0038091 G0O:0072262
G0:2000409 GO:0002681 GO:0061324 G0:0072199
G0:2000408 G0:0002625 GO:0061315 GO:0072138

G0:2000406

G0:0002626

G0:0090256

G0:0072136

G0:2000405

G0O:0002627

GO:0016559

G0O:0072090

G0:2000176

G0:0002403

GO:0000266

GO:1903769

G0:2000175

G0O:0002419

G0:0003267

GO:1905474

G0:2000174

G0O:0002424

GO:0003268

GO:1905044

G0:2000569

G0:0002310

GO:0003269

GO:1905046

GO:2000568

GO:0002311

G0:0003270

GO:1905045

GO:2000567 G0:0002361 G0:0003271 GO:1904692
G0:2000517 G0O:0002300 G0:0021937 GO:1904691
G0:2000525 G0:0002301 GO:0001832 G0:0021921
G0:2000524 G0:0002303 GO:0001547 G0:0021940
G0:2000319 G0:0002305 G0:0043029 G0:0021941
GO:0010820 G0:0002306 G0O:0002262 G0:2001013

GO:0050868

G0:0002307

G0:0033023

GO:1904442

GO:0050870

G0:0002308

GO:0060248

GO:1904443

GO:0050856 G0:0002287 GO:0061382 G0:2000795
G0O:0060370 GO:0002288 G0O:0036145 G0:2000794
GO:0036037 G0O:0002289 GO:0001782 G0:2000792
GO:0051141 G0:0002290 GO:0042637 G0:2000791
GO:0051142 G0:0002293 GO:0021847 G0:2000790
GO:0051140 GO:0045630 GO:0001550 G0:2000729
GO:0051138 GO:0045629 GO:0001545 G0:2000607
GO:0051136 GO:0045627 G0:1990079 G0:2000606
GO:0051137 GO:0045626 GO:0060250 GO:2000608
GO:0051134 G0:0033378 GO:0043366 G0:2000137
GO:0051135 G0:0033379 GO:0007446 G0:2000136
GO:0051133 G0:0033376 G0:0043930 G0:2000138
GO:0001916 G0:0033377 G0:0043929 GO:2000566
G0:0001915 GO:0033380 G0O:0002467 G0O:2000565
GO:0001914 G0:0033381 GO:0061519 GO:2000564
G0:0023022 GO:0033382 G0:0050701 G0:2000563
GO:0042088 GO:1905398 GO:0001895 G0O:2000562
GO:0072538 GO:1905397 GO:0001894 GO:2000561
GO:1903904 GO:2001186 GO:0001544 G0O:2000497
GO:1903905 GO:2001187 G0:0001922 G0O:2000496

GO:1900281

G0:0097327

G0:2000495

G0:1900280

GO:0035986

GO:0060054

GO:1900279

GO:0046697

GO:0060244
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GO:0045588 G0:0002040 GO:0061006
GO:0045587 G0O:0060249 GO:1904707
GO:0043378 GO:0061333 GO:1904706
G0:0043377 GO:0001776 GO:0061331
G0:0043370 GO:0002119 GO:0061225
GO:0043372 GO:0061062 GO:0061222
G0:0043371 GO:0061063 GO:0061269
G0O:0043373 GO:0061064 G0:0090255
GO:0043376 G0:0090096
G0:0043375 G0:0090094
G0:0070237 G0O:0014843
G0:0072513
G0O:0061913
GO:0061914
G0:2000079
GO:2000081

Gene Ontology (GO) Consortium terms for biological processes were used to annotate the genes
with mutations in patients and controls.



Supplementary Table S4. Immune cell subsets in the study patients.

. CD3 (% of CD4/CD8  NK cells (% of
ID Disease EUROClass TCRg IgG IgM IgA lymphocytes) _ratio lymphocytes)
1 CVID  B+smB™(CD2I°'Tr*™ neg 0.6 <0.10 <0.10 90 0.7 4

2 CVID  B+smB™CD21°Tr*™ ND 12 170 <0.10 86 14 10

3 CVID B- pos L1 014 <0.10 90 0.4 9

4 CVID Br+smB+CD21mom ND 550 107 036 66 2.5 26

5 CVID B+smB+CD21'" neg  0.60 0.0  0.10 88 15 7

6 CVID Br+smB+CD21mom ND 390 020 124 88 23 8

7 CVID  B+smB™:(CD21“Tr*™ ND 110 027 0.10 85 0.8 6

8 CVID B- ND 280 038  0.00 90 0.6 10

S TAT. 3 ne; low-norm

9 Gop BYmBrECD2IMVTY ND 56 338 167 71 12 12

10 Ség? B+mB™CD21Tr™™  pos 2.8 144 021 86 14 3-0.5

1 Sé‘é? B+smB™:CD21%Trm  ND  0.16 0.6 1.7 74 23 413

12 J ac:d'isen B-+smB+CD2]mrm pos 3.6 081 051 87 0.5 9

13 Other B+smB+CD217om neg 2.8 092 132 70 5,1 23

14 Other B+smB+CD217om neg 81 101 038 72 3,8 12

15 Other ND ND 151 022 079 76 4.6 16

16 Good sdr B- pos 19 <010 <0.10 84 0.1 16

17 A?e?z B- pos 08 024  0.16 99 0.4 <1%

Characteristics of different adaptive immune cells of the patients included in the study are shown. B
cell phenotypes were characterized according to the EUROClass classification system.’
Abbreviations: ND, not determined; TCRg, T-cell receptor gamma chain rearrangement; pos,

positive; neg, negative; sdr, syndrome; GOF, gain-of-function.
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Supplementary Table S5. All somatic mutations identified in paired-sample analyses in CD4+

and CD8+ cells.
Poly
Pt. ID Disease Cells HGVS AA change COSMIC Gene VAF SIFT | phen
2
. NM_001282539:exon6:c.G
1 CVID CD8+ 1:2.1804503C>G 346C:p.G116R GNBI 0.07 D D
. NM_198056:exonl17:c.C32 | COSM1422791,COSM142
1 CVID CD8+ 3:2.38580953G>A 06T:p.T1069M 2790,COSM 1422792 SCN54 0.055 D D
NM _001008212:exonl5:c.
1 CVID CD8+ 10:2.13136832C>T C1700T:p.T567M OPTN 0.037 D D
. NM _001258374:exonl4:c.
1 CVID CD8+ 19:2.16404674G>A C1342T:p.R448C EPSISLI 0.037 D D
. NM_001323505:exon4:c.G
1 CVID CD8+ 5:2.38881704G>A 358A:p.DI120N COSM737822 OSMR 0.035 T D
. NM_001127208:exon3:c.1
2 CVID CD4+ 4:.105235713delC 771delC:p.Q591fs TET2 0.056 NA NA
NM_001127208:exon6:c.G
+ . !
2 CVID CD4 4:2.105243618G>T 3643T:p.E1215X COSM3719016 TET2 0.053 NA NA
2 CVID CD4+ | 16:2.50699619G>T NM_022162:exon2:c.G203 NOD2 0.06 NA | NA
T:p.E69X
. NM_001127208:exon9:c.C
2 CVID CD4+ 4:2.105269703C>T 4138T:p.H1380Y COSMS87161 TET2 0.027 D D
. NM_001795:exon10:c.T14
2 CVID CD4+ 16:2.66398469T>C 99C:p.1500T CDH5 0.027 D D
NM_012448:exon10:c.T12
+ . !
2 CVID CD4 17:2.42217380A>T S4Ap.NAISK STAT5B 0.036 D D
. NM _001320350:exon27:c.
2 CVID CD4+ 21:2.44426694C>T C3980T:p.T1327M COSM242069 TRPM?2 0.036 T D
2 CVID CD8+ | 11:2.89804202C>A I;%é;%‘? 8:exon3:c.G268 TRIM49 0072 | NA |NA
. NM_033081:exonl6:c.G46
2 CVID CD8+ 20:.62881301C>A 55T:p.S15521 DIDO! 0.086 T B
NM_005273:exon6:c.C372
+ . !
3 CVID CD8 7:2.100677602C>G Gip.Y 124X GNB2 0.051 NA NA
3 CVID CD8+ | 11:¢.75290010T>G NM_004041:exon2:c.A0 ARRBI 0025 | D D
C:pK17T
. NM_001003787:exon5:¢c. T
3 CVID CD8+ 17:2.63714087A>C 145G:p.S49A STRADA 0.032 D D
. NM_020393:exon8:c.G874
3 CVID CD8+ 1:g.153337250C>A T:p.V292F PGLYRP4 0.043 T D
NM_020549:exon8:c.G118
+ . !
3 CVID CD8 10:2.49646579G>A 6A:p.V396M CHAT 0.024 T B
. NM _001322195:exonl3:c.
4 CVID CD4+ 9:2.5073770G>T GI849T:p.V617F COSM12600 JAK2 0.017 D D
. NM_000014:exon20:¢c.C25
7 CVID CD8+ 12:2.9090395G>A S7T:p.R853W A2M 0.03 D D
. NM_001164278:exon4:c.C
8 CVID CD8+ 11:2.119028330G>A 245T:p.S82F SLC3744 0.022 T B
8 CVID CD8+ | 16:2.66617335G>A 1;11\;%1271862; 18:exon5:c.C647 CMTM4 0021 | D B
Jacobsen . NM_004385:exon6:¢.C940
12 sdr CD4+ 5:2.83512294C>T T:p.Q314X VCAN 0.02 NA NA
Jacobsen . NM_000395:exon6:c.C637
12 sdr CD4+ 22:2.36929726C>T T:p.R213W CSF2RB 0.026 D D
Jacobsen . NM_003618:exon6:c.A374
12 sdr CD4+ 2:2.39336960T>C Gp.Y125C MAP4K3 0.042 D
Jacobsen NM_078471:exon24:c.G38
+ . !
12 sdr CD4 17:2.29098415C>G 11Cp.EI271Q MYO184 0.027 T D
12 Jacobsen | cpyi | 19.4.47319962C5T NM_001736:exon2:c.CI85 | 450400357 C54R1 0.02 T D
sdr T:p.T62M
Jacobsen . NM_003183:exon6:c.A639
12 sdr CD8+ 2:2.9526225T>A T:p.K213N ADAM17 0.031 T P
Jacobsen . NM_001190274:exon3:c.G
12 sdr CD8+ 2:2.47839497C>G 364C:p.A122P FBXO11 0.037 T P
Jacobsen . NM_014927:exon3:c.G353
12 sdr CD8+ X:g.21432736G>A A:pR118Q CNKSR2 0.03 T D
. NM_012448:exonl5:c.C18
13 Other CD4+ 17:2.42210194G>C 83G . T628S COSM6022929 STAT5B 0.032 D D
15 Other CD8+ | 20:2.3706656C>A NM_023068:exon2:c.G100 SIGLECI | 0.028 | D D

T:p.G34W
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NM_005160:exon6:c.C442

N )
15 Other CD8 22:2.25667739C>G GpPI48A GRK3 0034 | P P
. NM_021627:exonl5:c.C16
16 Good sdr | CD4+ | 3:2.185624078C>T 07T P536L SENP2 0035 | D P
. NM_000243:exon10:c.188
16 Good sdr | CD8+ | 16:2.3243607delT 0delA.p.E6276s MEFV 0242 | NA | NA
16 Goodsdr | CD8+ | 1:2.56692436C>T NM_006252:exond:c.C409 PRKAA2 0032 |D D
T:p.HI37Y
16 Goodsdr | CD8+ | 12:g.25227351G>A ¥¥Tg%?985 rexon3:e.C173 1C3O SM87288,COSM34905 | ypys 0079 | D D
. NM_006293:exonl7:c.A20
16 Goodsdr | CD8+ | 15:g.41573360A>T 38T p.I680F TYRO3 0079 | D D
. NM_023035:exon19:c.C28
16 Goodsdr | CD8+ | 19:2.13298754G>A 91 Tp.AIEAY CACNAIA | 0.07 T P
. NM_198537:exon6:¢.G635
16 Goodsdr | CD8+ | 19:2.19535620G>A ApR2IZH YJEFN3 0292 | T D
16 Goodsdr | CD8+ | 19:2.47320366C>T 1;1}\;1}7{01%177\;6:“0112:&(:5 891 cosm4667798 C54R1 0.13 T P
ADA2 . NM_004179:exon6:c.G689
17 ot CD8+ | 11:2.18026604C>T A:pR2I0H TPH]I 0029 | D D
ADA2 . NM_001964:exon2:c.G472
17 ot CD8+ | 5:2.138466921G>A ApVI58I EGRI 0023 | D P
ADA2 NM _001018072:exonl:c.A
17 dof CD§+ | 12:g107319038A>G | germ\(33g BTBDI1 0.03 T B
NM 006289:exon35:c.A46
N . _
HC1 Healthy | CD8 9:¢.35707732T>C 31GpKI54R TLN1 0021 | T P
] NM_017553:exon17:c.C19 | COSM5383245,COSM538
HC3 Healthy | CD8+ | 15:g.41056702G>A 90T Ip.RE6AC 344 INOSO 0068 | D D
. NM 001143810:exon2:c.T
HC10 | Healthy | CD8+ | 11:g.27674144A>C 141G:p.C47W BDNF 0.03 D P
] NLRP13:NM_176810:ex0
HC10 | Healthy | CD8+ | 19:2.55912295G>C 15:0.C1522Gp.LS08Y NLRPI3 0031 | T D
HCIl | Healthy | CD8+ | 2:2.25240306A>G Il\géf; 7L5767232jeX°“19:C'T23 COSM1583115 DNMT34 | 0.043 | D D
HC11 | Healthy | CD8+ | 5:g.170270842C>G NM_003565:exon7:¢.G400 LCP2 0045 | T P
C:p.E134Q
. NM_007313:exon9:¢c.T151
HC11 | Healthy | CD8+ | 9:2.130880097T>C 0C:p.5504P ABLI 0059 | D P
NM _003363:exonl0:c.T11
HC15 | Healthy | CD8+ | 3:2.49302514A>G STCpFI86S UspP4 0043 | D D
HCI5 | Healthy | CD8+ | 5:g.111072933G>A I;g’iﬁ” 3035:exon2:c.216+ TSLP 0049 | NA |NA
. NM_001278698:exon3:c.T
HC16 | Healthy | CD8+ | 3:2.184365148T>G 173G p.LSEW POLR2H | 0032 | D D
. NM_003263:exon4:c.A171
HC16 | Healthy | CD8+ | 4:2.38797118T>C 4GpMSTIV TLRI 0021 | T B
HC16 | Healthy | CD8+ | 19:2.51501460G>A I;fﬁ%g? 03:exonl:c.C274 1 09M4766319 SIGLECI2 | 0023 | NA | NA
. NM _001013836:exonl5:c.
HC17 | Healthy | CD4+ | 7:22002123T>A 360.2AST MADILI 0044 | NA | NA
HC17 | Healthy | CD4+ | 19:g.51458037C>G g,l\;[ﬁ)ll#; Ziexonl:e.G351 SIGLECS | 0024 | T B
HC17 | Healthy | CD8+ | 5:.148827319T>G NM_000024:exonl:c.T483 ADRB2 0057 | D D
G:p.L163R
. NM_033247:exon5:¢c.C127
HC17 | Healthy | CD8+ | 15:2.74036026C>G 4G A4G PML 0025 | T B
. NM _001145808:exon5:c.A
HC17 | Healthy | CD8+ | 16:g.31266064A>T 24T pEL15V ITGAM 0.05 D P
. NM_003253:exon6:c.G131
HC17 | Healthy | CD8+ | 21:2.31251838C>G 5C.p.A430P TIAMI 0029 | T D
. NM_003253:exon5:c.A413
HC17 | Healthy | CD8+ | 21:g.31266560T>A T D138V TIAMI 0047 | D P
HC18 | Healthy | CD8+ | 7:2.84011182C>T Il\g/iji)06080:exon9:c.925 * SEMA3A 0037 | NA | NA
. NM_017890:exonl7:c.A24
HC18 | Healthy | CD8+ | 8:2.99192975A>G 33GpI81IM VPSI13B 0.02 D P
] NM_004244:exond:c.C487 | COSM4670363,COSM467
HC18 | Healthy | CD8+ | 12:2.7499159G>A TpRIGIC 0360 CDI63 0034 | D B
. NM _001130004:exon18:c.
HC18 | Healthy | CD8+ | 14:2.68880046C>G G2196Cp.ET32D ACTNI 0.02 T P
NM_000271:exon8:c.A121
. . _
HC18 | Healthy | CD8 18:2.23556356T>C 3G:5.T405A NPCI 0028 | T B
. NM_152701:exon50:c.C13
HC20 | Healthy | CD8+ | 7:2.48508005C>A 480A:p LA494] ABCAI3 0029 | T D
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_ NM_001320644:cxon7:c.C | COSM3367939,COSM336

HC20 | Healthy | CD8+ | 10:0122576623C>T | Jperpionc 7940.COSM3367938 DMBT!I 0042 | T
. NM_006165:exon22:c.A30

HC20 | Healthy | CD8 | 11:0120870009T-C | gy ooy NFRKB 0054 | T

HC21 | Healthy | CD4+ | 1:2.114716123C>T §¥8?332416X°n2:°'G3 8 | cosms73 NRAS 0018 | D

All mutations discovered in healthy controls and immnodeficiency patients in CD4+ and CD8+
cells by paired-sample analyses by MuTect2. Abbreviations: Pt., patient; AA, amino acid; VAF,
variant allele frequency; SIFT, SIFT prediction; PolyPhen2, Polyphen2 HDIV prediction; T,
tolerated; D, deleterious (SIFT)/probably damaging (PolyPhen2); B, benign; P, possibly damaging;

NA, not available (splice-site, frameshift, or nonsense variant).
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Supplementary table S6. Somatic mutations in T cells do not occur in non-hematopoietic
tissue samples.

CD8+ CD4+ Skin
VAF Variant Normal | Variant Normal | Variant Normal
Disease HGVS AA change Gene in
reads reads reads reads reads reads

CD8+
CVID 12:2.9090395G>A  NM_000014:exon20:c.C2557T:p.R853W A2M 0.03 14 462 0 535 0 427
Other 20:2.3706656C>A NM_023068:exon2:c.G100T:p.G34W SIGLECI  0.028 11 331 0 285 0 359
Other 22:2.25667739C>G NM_005160:exon6:c.C442G:p.P148A GRK3 0.034 25 692 0 740 0 765

Most of our data on somatic mutations has been called using paired-sample comparisons between
CD4+ and CD8+ cells. However, from two patients, we had DNA available from non-
hematopoietic tissues (patient 7: skin fibroblasts; patient 15: skin biopsy). These samples were
sequenced with the same sequencing panel as CD4+ and CD8+ cells. The table shows the
sequencing results from these patient samples. Somatic variants were called using a paired-sample
strategy, CD4+ cells vs. CD8+ and vice versa, but also using the non-hematopoietic tissue sample
as a control sample. Three different somatic variants were identified in these patients, but the
variants were discovered to exist only in CD8+ cells, regardless of which germline control (CD4+
or non-hematopoietic tissue) was used. Only CD8+ cells harbored sequencing reads that supported
the variant; these reads did not exist in CD4+ or in non-hematopoietic tissue samples.
Abbreviations: Pt., patient; AA, amino acid; VAF, variant allele frequency.
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Supplementary Table S7. Mapped bases in sequenced samples.

ID Disease Sex  Age Map (}:)]e)(igases Mapgg%?_ases Library
1 CVID M 61 5547 239 430 5264291170 Kapa
2 CVID M 67 5605211973 4424304 170 Kapa
3 CVID M 54 6 425 897 948 6289 169 731 Kapa
4 CVID M 70 7913 485919 8249 467 672 Kapa
5 CVID F 70 6111957 589 5949 483 474 Kapa
6 CVID F 67 8409 971 358 7 793 689 636 Kapa
7 CVID F 35 5794 543 945 5843367 134 Kapa
8 CVID M 37 5843 723 928 5172024 026 Kapa
9 STAT3 GOF F 17 5893167 691 5986 103 640 Kapa
10 STAT3 GOF F 15 6 686 032 805 6307 531 709 Kapa
11 STAT3 GOF F 22 6283 989 638 5740 280 375 Kapa
12 Jacobsen sdr F 46 9142 391 648 9203 546 364 Kapa
13 Other F 73 8908 263 746 8932451 607 Kapa
14 Other F 70 6227 668 622 6191344 170 Kapa
15 Other M 60 5 880 893 385 6520578 161 Kapa
16 Good sdr M 70 5799 566 210 6230264 907 Kapa
17 de?i]c)il:rfcy F 41 5944 877 329 6040 071 375 Kapa
HC1 HC F 58 4 836 247 489 4907 094 913 Kapa
HC10 HC F 47 3332774616 3000 407 005 ThruPLEX
HCl11 HC M 48 3006 395 425 3 839 564 953 ThruPLEX
HCI12 HC F 21 1 537 950 784 3 041 728 643 ThruPLEX
HC13 HC F 66 5178 847 798 4906 517 851 Kapa
HCI14 HC F 63 3915254 480 4303 882913 Kapa
HC15 HC M 63 4 255 679 405 4062 759 031 Kapa
HC16 HC F 65 5326 558 097 5534346 901 Kapa
HC17 HC M 64 5485 499 484 5668209 736 Kapa
HC18 HC F 65 4360042 314 4283 227 672 Kapa
HC19 HC M 64 4324 897 537 4 645 201 325 Kapa
HC2 HC M 58 4 840 430 099 4 898 833 343 Kapa
HC20 HC F 63 4 651 864 808 4 815 541 862 Kapa
HC21 HC M 64 4 688 775 892 4567 660 361 Kapa
HC3 HC F 65 5001 034 164 5223776 490 Kapa
HC4 HC F 44 3377 389 646 2296 486 796 ThruPLEX
HCS HC M 55 2 865 922 283 3 585929 964 ThruPLEX
HC6 HC M 52 3163 636 155 4482 310 699 ThruPLEX
HC7 HC M 48 1332951785 3315440 185 ThruPLEX
HC8 HC F 57 3012 854 365 3367018 062 ThruPLEX
HC9 HC F 56 3083 658 397 2 669 438 976 ThruPLEX

The numbers of mapped bases in immnunogene sequencing for healthy controls and
immnunodeficiency patients. Abbreviations: HC, healthy control; GOF, gain-of-function; sdr,



syndrome; Library, sequencing library prepation kit; Kapa, Kapa Hyper library preparation kit
(Roche); ThruPLEX, ThruPLEX DNA-seq Library Preparion Kit (Rubicon Genomics).

27



Supplementary Table S8. Clonal hematopoiesis variants occurring in both CD4+ and CD8+
cells.

Targeted deep seq of sorted cells (VAF)

Pati AA chanee Consequenc CD4+ CD8+ CD3+ CD3+ CD19 CDl14 WB
ent £ e (VAF)  (VAF) CD4+ CD8+  + -
DNMT3A4A:NM_022552:exon
13 20:c.2388dupT:p.N797_L79 nonsense 0.043 0.038 0.046 0.030 0.027 0 0.037
8delinsX
TET2:NM_001127208:exon
2 6:0.GI6AITp E1215X nonsense 0.053 0.027 0.039 0 0.040 0 0.010
TETZ:NM_001127208:exon nonsense 0.041 0.032 0.037 0.023 0 0 0

11:¢.C4889G:p.S1630X

We performed a sorting and sequencing experiment to investigate in which cell types the variants
associated with clonal hematopoiesis existed. CD3+CD4+, CD3+CD8+, CD19+, CD14+ and
whole-blood cells were sequenced with targeted deep Amplicon sequencing. The VAFs in each cell
fraction are shown in the table. In addition to T-cell fractions, mutations were also found in CD19+
B cells, but not in CD14+ monocytes. Abbreviations: VAF, variant allele frequency; AA, amino

acid; WB, whole blood.
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Supplementary Table S9. The sequencing panel for mutation validations.

Gene name  Conrol positon arsomatic ¢y, Posiion COSMIC idenifier
GNB1 control 1815790 COSM211450
TET2 control 4 105276128 COSM41741
NOD?2 control 16 50710787 COSM2834328
GNB2 control 100678546 COSM4687440
JAK2 control 5078360 COSM29300
A2M control 12 9112203 COSM1177109

CSF2RB control 22 36936577 COSM4411434
STATS5B control 17 42202370 COSM1716827

SIGLECI control 20 3694821 COSM84704
KRAS control 12 25245350 COSM521
C54R1 control 19 47320786 COSM1751014
EGRI control 138467408 COSM74487

DNMT34 control 2 25234373 COSM52944

SIGLECI2 control 19 51499608 COSM116869
CDI163 control 12 7486950 COSM298612

DMBTI control 10 122643283 COSM1346480
NRAS control 1 114713909 COSMS580
GNBI somatic variant 1804503
TET2 somatic variant 105235713
TET2 somatic variant 105243618 COSM3719016
NOD2 somatic variant 16 50699619
TET2 somatic variant 4 105269703 COSM&7161

STAT5B somatic variant 17 42217380
GNB2 somatic variant 100677602
JAK2 somatic variant 5073770 COSM12600
A2M somatic variant 12 9090395

CSF2RB somatic variant 22 36929726

STAT5B somatic variant 17 42210194 COSM6022929

SIGLECI somatic variant 20 3706656
KRAS somatic variant 12 25227351 COSM87288,COSM5490513
C54R1 somatic variant 19 47320366 COSM4667798
EGRI somatic variant 138466921

DNMT34 somatic variant 2 25240306 COSM1583115

SIGLECI?2 somatic variant 19 51501460 COSM4766319
CD163 somatic variant 12 7499159 COSM4670363,COSM4670362

DMBTI somatic variant 10 122576623 COSM3367939’C27S91\3/I$ 367940,COSM33
NRAS somatic variant 1 114716123 COSM573

DNMT34 somatic variant 25239149
TET2 somatic variant 105235712
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TET2 somatic variant 4 105275399 COSM5945066
DNMT3A4 somatic variant 2 25244616 COSM1583077

A ParagonGenomics CleanPlex Custom Amplicon panel was designed to perform confirmative a
sequencing experiment on the discovered somatic mutations. Positions covered by the multiplex
panel are listed above. The panel included 24 mutation positions and 17 control positions. The
individual with the SIGLEC12 mutation (HC16) was not included in sequencing due to sample

amount restraints, although the position was included in the panel.
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Supplementary Table S10. Confirmatory Amplicon sequencing on selected variants.

Pt. ID Disease Cells HGVS AA change Gene .VAF n VAF in _ampllcon
immunopanel sequencing
. NM_001282539:exon6:c.G
1 CVID CD8+ | 1:.1804503C>G 346Cp.G1I6R GNBI 0.07 0.056
. NM _012448:exonl10:c.T12
2 CVID CD4+ | 17:g.42217380A>T S4ADNAISK STATSB 0.036 0.060
. NM_001127208:exon6:c.G
2 CVID CD4+ | 4:.105243618G>T 3643TpE1215X TET2 0.053 0.026
2 CVID CD4+ | 16:2.50699619G>T NM_022162:exon2:¢.G205 | o 0.06 0.064
T:p.E69X
. NM_001127208:exon9:c.C
2 CVID CD4+ | 4:2.105269703C>T A138TpHI380Y TET2 0.027 0.020
. NM_005273:exon6:c.C372
3 CVID CD8+ | 7:2.100677602C>G Gp Y 124X GNB2 0.051 0.038
. NM_000014:exon20:¢c.C25
7 CVID CD8+ | 12:2.9090395G>A ST RESIW A2M 0.03 0.029
Jacobsen NM_000395:exon6:c.C637
. . _
12 o CD4 22:2.36929726C>T T R213W CSF2RB 0.026 0.015
. NM _012448:exonl5:c.C18
13 Other CD4+ | 17:g.42210194G>C 83Gp. T6288 STATSB 0.032 0.035
15 Other CD8+ | 20:2.3706656C>A NM_023068:exon2:c.G100 | ¢/ p g 0.028 0.023
T:p.G34W
16 Goodsdr | CD8+ | 12:225227351G>A ?;%%?985:“0“3 CIT3 1 kras 0.079 0.073
NM_001736:exon2:c.C589
. . _
16 Good sdr | CD8 19:2.47320366C>T T RISTW C5ARI 0.13 0.101
ADA2 . NM_001964:exon2:c.G472
17 ot CD8+ | 5:.138466921G>A Ap V58I EGRI 0.023 0.031
. NM _175629:exon19:¢c.T23
HC11 | Healthy | CD8+ | 2:2.25240306A>G 18Cp.L773P DNMT34 0.043 0.034
HC18 | Healthy | CD8+ | 12:2.7499159G>A NM_004244:exond:c.CA87 | -y 153 0.034 0.031
T:p.R163C
NM_001320644:exon7:c.C
. . _
HC20 | Healthy | CDS 10:g122576623C>T | (oot 21700 DMBTI 0.042 0.036
HC21 | Healthy | CD4+ | 1:g.114716123C>T NM_002524:exon2:c.G38 | yp 4 0.018 0.023

A:p.G13D

Amplicon sequencing was performed to confirm a subset of somatic mutations. The table shows the
mutations identified by paired-sample calling in immunogene panel sequencing. Mutations
associated with clonal hematopoiesis are presented in Supplementary Table S8. The variant allele
frequencies (VAFs), determined by both immnunogene panel and amplicon sequencing, are shown.
Abbreviations: Pt., patient; AA, amino acid; VAF, variant allele frequency. All variants that were
covered by sufficient sequencing depth were confirmed by an independent method, targeted deep
amplicon sequencing.
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Supplementary Table S11. Amino-acid properties of convergent and highly expanded TCRs.

) PP3
Peptide . PP2
.. Charge PP1 (~polarity) .. (~Hydrogen
hydrophobicity (~hydrophobicity) bonding)
—
CD38+ highly Difference between means  -0.0988 0.0329 0.0297 0.0073 -0.0064
convergent
CI lower -0.1339 -0.0352 0.0190 0.0015 20.0133
CI higher -0.0637 0.1011 0.0405 0.0131 0.0006
p-value 3.696*10E-08 0.3429 6.321*10E-08  0.0137 0.0731
CD8+ Highly Difference between means  -0.0681 20.1623 0.0220 0.0030 -0.0201
expanded
CI lower 202150 -0.4666 -0.0254 20.0219 -0.0520
CI higher 0.0788 0.1420 0.0694 0.0278 0.0118
p-value 0.3607 0.2934 0.3593 0.8131 0.2136
CD4+ Highly Difference between means ~ -0.0196 0.0306 -0.0005 -0.0021 0.0120
convergent
CI lower 20.1192 0.1467 -0.0289 -0.0188 -0.0055
CI higher 0.0801 0.2078 0.0279 0.0146 0.0295
p-value 0.6993 0.7342 0.9703 0.8042 0.1789
i
CD4+ Highly Difference between means  0.0639 0.0765 -0.0101 -0.0045 0.0166
expanded
CI lower -0.0739 -0.1597 -0.0488 -0.0264 -0.0069
CI higher 0.2017 0.3127 0.0287 0.0173 0.0402
p-value 0.3613 0.5233 0.6083 0.6810 0.1652

The amino-acid properties (PP1, PP2, and PP3 by Cruciani et al)'* were compared between selected
TCR subsets between CVID patients and healthy controls by a Welch T-test. No multiple
comparison adjustments were made. The table shows the test p-values, differences between means
(CVID vs healthy), and 95% confidence intervals for the difference between means. “Highly
convergent” and “highly expanded” TCR definitions are included in the Methods-section. CVID
CD8+ convergent TCRs showed differential physico-chemical properties when compared to healthy
controls’ convergent TCRs, but no differences existed between CVID and controls in CD4+ cells,
or “highly expanded” CD8+ TCRs. Abbreviations: HC, healthy control.
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Supplementary Table S12. T-cell clone sizes and mutation VAFs.

Pt. ID Disease Cells Gene AA change HGVS max clone size VAF
1 CVID CD8+ GNBI1 NM_001282539:exon6:¢c.G346C:p.G116R 1:2.1804503C>G 0.173069224 0.07
1 CVID CD8+ SCN5A4 NM_198056:exon17:c.C3206T:p.T1069M 3:2.38580953G>A 0.173069224 0.055
1 CVID CD8+ OPTN NM_001008212:exonl5:c.C1700T:p.TS67M 10:2.13136832C>T 0.173069224 0.037
1 CVID CD8+  EPSISLI NM_001258374:exon14:c.C1342T:p.R448C 19:2.16404674G>A 0.173069224 0.037
1 CVID CD8+ OSMR NM_001323505:exon4:c.G358A:p.D120N 5:2.38881704G>A 0.173069224 0.035
2 CVID CD4+ TET2 NM_001127208:exon3:c.1771delC:p.Q591fs 4:2.105235713delC ~ 0.004372718829553281  0.056
2 CVID CD4+ TET2 NM_001127208:exon6:c.G3643T:p.E1215X 4:2.105243618G>T  0.004372718829553281  0.053
2 CVID CD4+ NOD2 NM_022162:exon2:c.G205T:p.E69X 16:2.50699619G>T  0.004372718829553281  0.06
2 CVID CD4+ TET2 NM_001127208:exon9:¢c.C4138T:p.H1380Y 4:2.105269703C>T  0.004372718829553281  0.027
2 CVID CD4+ CDH5 NM_001795:exon10:c.T1499C:p.I500T 16:2.66398469T>C  0.004372718829553281  0.027
2 CVID CD4+ STAT5B NM_012448:exonl0:c.T1254A:p.N418K 17:2.42217380A>T  0.004372718829553281  0.036
2 CVID CD4+ TRPM2 NM_001320350:ex0on27:¢.C3980T:p.T1327M 21:2.44426694C>T  0.004372718829553281  0.036
2 CVID CD8+ TRIM49 NM_020358:exon3:c.G268T:p.E90X 11:2.89804202C>A 0.202465609 0.072
2 CVID CD8+ DIDO! NM_033081:exonl16:c.G4655T:p.S15521 20:2.62881301C>A 0.202465609 0.086
3 CVID CD8+ GNB2 NM_005273:exon6:c.C372G:p.Y 124X 7:2.100677602C>G 0.0646392182 0.051
3 CVID CD8+ ARRBI NM_004041:exon2:c.A50C:p.K17T 11:2.75290010T>G 0.0646392182 0.025
3 CVID CD8+  STRADA NM_001003787:exon5:c.T145G:p.S49A 17:2.63714087A>C 0.0646392182 0.032
3 CVID CD8+  PGLYRP4 NM_020393:ex0on8:c.G874T:p.V292F 1:2.153337250C>A 0.0646392182 0.043
3 CVID CD8+ CHAT NM_020549:ex0n8:c.G1186A:p.V396M 10:2.49646579G>A 0.0646392182 0.024
4 CVID CD4+ JAK2 NM_001322195:exon13:c.G1849T:p.V617F 9:2.5073770G>T 0.002205217535162855  0.017
7 CVID CD8+ A2M NM_000014:ex0n20:c.C2557T:p.R853W 12:2.9090395G>A 0.0647578761 0.03
8 CVID CD8+  SLC3744 NM_001164278:exon4:c.C245T:p.S82F 11:.119028330G>A NA 0.022
8 CVID CD8+ CMTM4 NM_178818:exon5:c.C647T:p.T2161 16:2.66617335G>A NA 0.021
12 Jacobsen syndrome = CD4+ VCAN NM_004385:exon6:c.C940T:p.Q314X 5:2.83512294C>T 0.0717540607 0.02
12 Jacobsen syndrome ~ CD4+ CSF2RB NM_000395:ex0n6:c.C637T:p.R213W 22:2.36929726C>T 0.0717540607 0.026
12 Jacobsen syndrome  CD4+  MAP4K3 NM_003618:exon6:c.A374G:p.Y125C 2:2.39336960T>C 0.0717540607 0.042
12 Jacobsen syndrome CD4+  MYOI84 NM_078471:exon24:¢c.G3811C:p.E1271Q 17:2.29098415C>G 0.0717540607 0.027
12 Jacobsen syndrome =~ CD4+ C54R1 NM_001736:exon2:c.C185T:p.T62M 19:2.47319962C>T 0.0717540607 0.02
12 Jacobsen syndrome  CD8+  ADAMI17 NM_003183:exon6:c.A639T:p.K213N 2:2.9526225T>A 0.110719606 0.031
12 Jacobsen syndrome ~ CD8+ FBXO11 NM_001190274:exon3:c.G364C:p.A122P 2:2.47839497C>G 0.110719606 0.037
12 Jacobsen syndrome ~ CD8+ CNKSR2 NM_014927:exon3:c.G353A:p.R118Q X:g.21432736G>A 0.110719606 0.03
13 Other CD4+ STAT5B NM_012448:exon15:c.C1883G:p.T628S 17:2.42210194G>C 8.97995840678191E-4  0.032
15 Other CD8+  SIGLEC!I NM_023068:exon2:c.G100T:p.G34W 20:2.3706656C>A 0.0996980518 0.028
15 Other CD8+ GRK3 NM_005160:ex0n6:c.C442G:p.P148A 22:2.25667739C>G 0.0996980518 0.034
16 Good syndrome CD4+ SENP2 NM_021627:exonl5:c.C1607T:p.PS36L 3:2.185624078C>T 0.0307179019 0.035
16 Good syndrome CD8+ MEFV NM_000243:exon10:c.1880delA:p.E627fs 16:2.3243607delT 0.512191474 0.242
16 Good syndrome CD8+  PRKAA2 NM_006252:exon4:c.C409T:p.H137Y 1:2.56692436C>T 0.512191474 0.032
16 Good syndrome CD8+ KRAS NM_004985:exon3:c.C173T:p.TS8I 12:2.25227351G>A 0.512191474 0.079
16 Good syndrome CD8+ TYRO3 NM_006293:exonl7:c.A2038T:p.1680F 15:2.41573360A>T 0.512191474 0.079
16 Good syndrome CD8+ CACNAIA NM_023035:exon19:c.C2891T:p.A964V 19:2.13298754G>A 0.512191474 0.07
16 Good syndrome CD8+ YJEFN3 NM_198537:exon6:c.G635A:p.R212H 19:2.19535620G>A 0.512191474 0.292
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HC3
HC10
HC10
HCl11
HCI11
HCI11
HCI15
HCI15
HCl16
HCl16
HCl16
HC17
HC17
HC17
HC17
HC17
HC17
HC17
HC18
HC18
HC18
HC18
HC18
HC20
HC20
HC20
HC21

Good syndrome
ADAZ2? deficiency
ADAZ2 deficiency
ADA2 deficiency

Healthy
Healthy
Healthy
Healthy
Healthy
Healthy
Healthy
Healthy
Healthy
Healthy
Healthy
Healthy
Healthy
Healthy
Healthy
Healthy
Healthy
Healthy
Healthy
Healthy
Healthy
Healthy
Healthy
Healthy
Healthy
Healthy
Healthy

Healthy

CD8+
CD8+
CD8+
CD8+
CD8+
CD8+
CD8+
CD8+
CD8+
CD8+
CD8+
CD8+
CD8+
CD8+
CD8+
CD8+
CD4+
CD4+
CD8+
CD8+
CD8+
CD8+
CD8+
CD8+
CD8+
CD8+
CD8+
CD8+
CD8+
CD8+
CD8+
CD4+

C5A4R1
TPHI
EGRI

BTBDI11
TLNI

INOSO

BDNF
NLRPI13
DNMT3A4
LCP2
ABLI1
USP4
TSLP
POLR2H
TLRI
SIGLECI2
MADILI
SIGLECS
ADRB?
PML

ITGAM
TIAM1
TIAM1

SEMA3A

VPSI3B
CDI63

ACTNI
NPCI

ABCAI3
DMBTI

NFRKB

NRAS

NM_001736:exon2:c.C589T:p.R197W
NM_004179:exon6:c.G689A:p.R230H
NM_001964:exon2:c.G472A:p. V1581
NM_001018072:exonl:c.A98G:p.N33S
NM_006289:exon35:¢c.A4631G:p.K1544R
NM_017553:exon17:¢.C1990T:p.R664C
NM_001143810:exon2:c.T141G:p.C47W

NLRP13:NM_176810:exon5:¢.C1522G:p.L508V

NM_175629:exon19:¢.T2318C:p.L773P
NM_005565:exon7:c.G400C:p.E134Q
NM_007313:exon9:c.T1510C:p.S504P

NM_003363:exon10:c.T1157C:p.F386S

NM 033035:exon2:c.216+1G>A
NM_001278698:exon3:¢.T173G:p.L58W
NM_003263:exon4:c.A1714G:p.M572V

NM_053003:exon1:c.C274T:p.R92X
NM_001013836:exonl5:¢c.1360-2A>T
NM_014442:exonl:c.G351C:p.R117S
NM_000024:exonl:c.T488G:p.L163R
NM_033247:exon5:c.C1274G:p.A425G
NM _001145808:exon5:c.A344T:p.E115V

NM_003253:exon6:c.G1315C:p.A439P
NM_003253:exon5:c.A413T:p.D138V

NM_006080:exon9:¢.925+1G>A

NM_017890:exon17:c.A2433G:p.I811M

NM_004244:exon4:c.C487T:p.R163C
NM_001130004:exon18:¢.G2196C:p.E732D
NM_000271:exon8:c.A1213G:p.T405A
NM_152701:exon50:¢c.C13480A:p.L44941
NM_001320644:exon7:c.C508T:p.R170C
NM_006165:exon22:¢c.A3091G:p.11031V

NM_002524:exon2:c.G38A:p.G13D

19:2.47320366C>T
11:2.18026604C>T
5:2.138466921G>A
12:.107319038A>G
9:2.35707732T>C
15:2.41056702G>A
11:2.27674144A>C
19:2.55912295G>C
2:2.25240306A>G
5:2.170270842C>G
9:2.130880097T>C
3:2.49302514A>G
5:2.111072933G>A
3:2.184365148T>G
4:2.38797118T>C
19:2.51501460G>A
7:2.2002123T>A
19:2.51458037C>G
5:2.148827319T>G
15:g.74036026C>G
16:2.31266064A>T
21:.31251838C>G
21:2.31266560T>A
7:2.84011182C>T
8:2.99192975A>G
12:2.7499159G>A
14:2.68880046C>G
18:2.23556356T>C
7:2.48508005C>A
10:2.122576623C>T
11:2.129870009T>C
1:¢.114716123C>T

0.512191474
NA
NA
NA
0.118211403
0.24665913
0.0707740486
0.0707740486
0.110654257
0.110654257
0.110654257
0.065790467
0.065790467
0.114472464
0.114472464
0.114472464
0.185848787
0.185848787
0.0644821748
0.0644821748
0.0644821748
0.0644821748
0.0644821748
0.136208773
0.136208773
0.136208773
0.136208773
0.136208773
0.0919760615
0.0919760615
0.0919760615
8.011564664076844E-4

0.13
0.029
0.023

0.03
0.021
0.068

0.03
0.031
0.043
0.045
0.059
0.043
0.049
0.032
0.021
0.023
0.044
0.024
0.057
0.025

0.05
0.029
0.047
0.037

0.02
0.034

0.02
0.028
0.029
0.042
0.054

0.018

The table shows each mutation discovered in the paired-sample mutation analyses. The cell type
harboring the mutation is shown (CD4+ or CD8+). Also, the “max clone size” -column shows the
frequency of the largest T-cell clone of all of the sequenced cells (CD4+ or CD8+). The clone
frequency shown always corresponds to the cell fraction in which the mutation was discovered.
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Supplementary Table S13. STAT5B and KRAS mutations in sorted T cells.

Variant allele frequency
AA

Patient Gene change CD3+CD4+ CD3+CD8+ CD14+ CD3"eCDl14"
pt.2 STAT5B N418K 0.069 0* 0 0

Pt.13  STAT5B  T628S 0.048 0 0 0

Pt.26 KRAS T581 0 0.075 0 Not sorted

Flow-cytometry-mediated sorting was used to extract CD3+ T cells and other cell types for
sequencing. The STAT5B mutations occurred only in CD3+CD4+ cells, and the KRAS only in
CD3+CD8+ cells. *For patient 2, CD3+CD8+ T cells were sorted also according to the largest
CD3+CD8+Vbeta expansion, but both Vbeta+ and Vbeta™ fractions were negative. Abbreviations:
AA, amino acid.
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Supplementary Figure S1. T-cell clones and convergence of clones.

Nucleotide sequence Amino acid sequence

AACGCCTTGTTGCTGGGGGACTCGGCCCTCTATCTCT
GTGCCAGCAGCGGTCTAGCGGGGGGTTTATACGAGC
AGTACTTCGGGCCG

CASSGLAGGLYEQYF

GAACGCCTTGTTGCTGGGGACTCGGCCCTCTATCT
CTGTGCCAGCAGCGGTCTAGCGGGGGGTTTATAC
GAGCAGTACTTCGGGCCG

Two clones converge into the
Two different T-cell clones same amino-acid CDR3
sequence when translated
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Supplementary Figure S2. The number of discovered mutations in patients and controls.

CD4+ CD8+

No. of mutations in CD4+ cells
No. of mutations in CD8+ cells

0 [ece X000 0

Healthy controls Immunodeficiency Healthy controls Immunodeficiency
patients patients

The number of somatic mutations in CD4+ or CD8+ cells did not differ between
immnunodeficiency patients and controls (Mann-Whitney test). The plots show the number of
mutations in each studied individual, with vertical lines representing the median, box hinges
interquartile ranges, and whiskers reasonable extremes of the data.
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Supplementary Figure S3. The numbers of mapped bases in CD4+ and CD8+ cells.
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The numbers of mapped bases in immunogene sequencing for healthy controls and
immunodeficiency patients. Results for CD4+ and CD8+ samples are shown separately. A.
Immunodeficiency patients had higher numbers of mapped bases in CD8+ samples (p-value =
4.753e-08, Mann-Whitney test) and in CD4+ samples (p-value = 6.949¢-11, Mann-Whitney test).
Boxplot hinges represent interquartile medians and the vertical line the median. B. The number of
mapped bases did not correlate with the number of detected mutations in CD8+ cells (Spearman
correlation), although a statistically significant correlation existed in CD4+ cells (Spearman
correlation p= 0.02955).
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Supplementary Figure S4. Vertical and horizontal coverage of the custom gene sequencing

panel.
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The percentage of bases covered by the given number (or more) of sequencing reads, presented as
cumulative percentage. Colors show the depth. A. Coverages over the custom, targeted gene panel
positions. B Coverages over all RefSeq genes. Abbreviations: DP, depth (the number of reads)
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Supplementary Figure S5. The largest clones and fraction of productive sequences in the
sample.
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A. The largest clone (as frequency of all TCRB rearrangements in the sample) for each patient is
shown. B. The fraction of productive TCRB rearrangements in the sample (frequency). Statistical
tests comprised of Kruskall-Wallis test as an omnibus test and Dunn’s multiple comparison tests as
post-hoc tests. Statistically significant results are marked in the figure. The panels show group
median, and error bars represent interquartile ranges.
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Supplementary Figure S6. Individuals with mutations have larges T-cell clones.
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All individuals (both healthy controls and patients) were grouped using the existence of somatic
mutations as a grouping factor. The sizes (frequency of all TCR rearrangements in the sample) of
the largest T-cell clone in the sample were compared. In CD4+ cells, the clone sizes did not differ,
but in CD8+ cells, individuals with mutations had larger T-cell clones (Mann-Whitney test p=
4.991e-05). Vertical lines in the plot represent the median, boxplot hinges interquartile ranges and

whiskers reasonable extremes of the data.
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Supplementary Figure S7. CD4+ clonality correlations with B-cell subtype frequencies.
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CD4+ clonality in CVID patients was plotted and correlated with the frequency of different B-cell
subsets. Statistically significant correlations existed between B-memory and switched B-memory

cells (Spearman correlation p=0.0008 and p=0.0238), but the associations were not linear.
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Supplementary Figure S8. V-family and J-gene usage in CVID patients and controls.
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For each individual, the abundance of all TCRs that were classified to different V-families and J-
genes were calculated. The graphs show the medians for CVID patients and healthy controls, and
error bars represent interquartile ranges. No statistically significant differences were observed
between patients and controls in neither V-family nor J-gene usage (Mann-Whitney test for each V-
family and J-gene; p-values corrected for multiple comparisons with the Benjamini-Hochberg

method).
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Supplementary Figure S9. CVID patients do not have more n-insertions or deletions than

controls.
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The mean number of deletions (A) and non-templated insertions (B) was calculated for each
individual and compared between controls and CVID patients. No statistically significant

CD8

disease

B cviD
B He

differences (Mann-Whitney test) existed between CVID patients and healthy controls. In the figure,
medians, interquartile ranges, and reasonable extremes of the data are shown. Abbreviations: HC,

healthy control; CVID, common variable immunodeficiency.
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Supplementary Figure S10. All base editions in CVID and HC TCRs.

A

4.5
4.0

3.5

4.5

Mean nucleotides inserted/deleted

4.0

3.5

5.0

4.5

4.0

3.5

5.0

4.5

Mean nucleotides inserted/deleted

4.0

3.5

The mean number of base deletions and insertions are shown for CD4+ (A) and CD8+ cells (B).

N1 insertions

J deletions

l

N2 insertions
p=0.01453

“P=®

D3 deletions

=

[=3)
CVID HC CVID HC
N1 insertions N2 insertions

J deletions

1

o
xR

CVID

§oe

D3 deletions

-

HC CVID HC

V deletions

=

disease
D5 deletions E CviD
A He
CVID HC
V deletions
n=0,0081
disease
D5 deletions E CvVID
B HC

g G

CVID HC

Medians, interquartile ranges, and reasonable extremes of the data are also shown. In most cases, no
statistically significant differences occurred between CVID and healthy controls, but CVID CD4+
cells may have less N2 insertions and CVID CD8+ cells more V deletions than in healthy controls

(Mann-Whitney test). Tests were not corrected for multiple comparisons, and thus caution in
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interpretation is needed. Abbreviations: HC, healthy control; CVID, common variable
immunodeficiency.
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Supplementary Figure S11. Healthy controls show higher frequencies of public, pathogen-
specific TCRs in their convergent TCRs than CVID patients.

A. All pathogens in the McPAS database
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Frequency of public pathogen-specific TCRs of all convergent TCRs in both CVID patients’ and
healthy controls’ CD4+ and CD8+ cells. Public pathogen-specific TCRs were extracted from the
McPas database.!? The pathogen-specific public TCRs comprised of TCRs targeting CMV, EBV,
influenza, HIV, yellow fever virus, Mycobacterium tuberculosis, Herpes simplex 2 virus, and
hepatitis C virus. Healthy controls harbored higher frequencies of public pathogen-specific TCRs in
their repertoire of convergent TCRs (Mann-Whitney test p=0.0003454 for CD4+; p=0.003182 for
CD8+) and EBV-specific CD4+ cells (p=0.03312). The plots show median as a vertical line, and
boxplot hinges represent interquartile ranges and whiskers reasonable extremes of the data.
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Supplementary Figure S12. Abundance of convergent clones.
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CVID patients did not show higher abundance (=sum of the frequencies of all rearrangements
showing convergence) of convergent TCRs (Mann-Whitney test p= ns for CD4+ and CD8&+). In the
plots, vertical lines represent the median, box hinges interquartile ranges, and whiskers reasonable
extremes of the data. Abbreviations: ns, not significant; HC, healthy control; CVID, common
variable immunodeficiency.
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Supplementary Figure S13. VDJ gene usage mapped to CD8+ TCR clustering analysis.
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Physiochemical similarity analysis of selected CD8+ TCR CDR3 sequences by the GSKernel

algorithm, presented as tSNE plots. TCRs are colored by their V-gene, D-gene, and J-genes. The

V-gene does not clearly correlate with TCR similarity clusters, but the J-genes do. However, J-
genes define a larger proportion of the TCR CDR3 than V- or D genes.
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Supplementary Figure S14. VDJ gene usage mapped to CD4+ TCR clustering analysis.
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Physiochemical similarity analysis of selected CD4+ TCR CDR3 sequences by the GSKernel
algorithm, presented as tSNE plots. TCRs are colored by their V-gene, D-gene, and J-genes. The
V-gene does not clearly correlate with TCR similarity clusters, but the J-genes do. However, J-
genes define a larger proportion of the TCR CDR3 than V- or D genes.



Supplementary Figure S15. Pathogen-specific TCRs are more common in CD8+ cells than in

CD4+ cells.
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included in the McPas database. The numbers of all pathogen-, cancer-, or autoimmune-associated

TCRs were pooled for each patient and normalized for repertoire size. For pathogen- and cancer-
associated TCRs, only antigen-specific TCRs were queried (labels “1” and “2” in the McPAS
database), but for autoimmune TCRs, all autoimmune-associated TCRs were included in the

analyses. Statistical tests comprised of Kruskall-Wallis test with Dunn’s multiple comparison tests.

Panels A-C show the median and error bars represent interquartile ranges. Statistically significant

results between comparisons (HC CD8+ vs HC CD4+, CVID CD8+ vs CD4+, CVID CD8+ vs HC

CD8+, and CVID CD4+ vs HC CD4+) are shown. Abbreviations: ns, not significant; HC, healthy
control; CVID, common variable immunodeficiency. *p<0.05;**p<0.01 ;***p<0.001;

wx8%p<0.0001.
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Supplementaryry Figure S16. Virus-specific TCRs are more frequent in CD8+ cells than in

CD4+ cells.
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TCRB sequencing data was queried for matches for public, previously reported TCR sequences
included in the McPas database. Results for CMV, EBV, influenza, and HIV are shown. Only
antigen-specific TCRs were queried (labels “1” and “2” in the McPAS database). Statistical tests
comprised of Kruskall-Wallis test with Dunn’s multiple comparison tests. Panels A-D show the
median and error bars represent interquartile ranges. Statistically significant results between
comparisons (HC CD8+ vs HC CD4+, CVID CD8+ vs CD4+, CVID CD8+ vs HC CD8+, and
CVID CD4+ vs HC CD4+) are shown. Abbreviations: HC, healthy control; CVID, common
variable immunodeficiency. *p<0.05;**p<0.01 ;***p<0.001; ****p<(0.0001.
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Supplementary Figure S17. T-cell clone size compared to variant-allele frequencies (VAFs)

0.40
® CD8+
0.30
1 T B CD4+
0.20
0.20=
Expected VAF
W (assuming
< heterozygosity)
>
0.10+
L) ([ ]
ek

0.0 0 <y
0.00 010 020 030 040 050 0.60
Largest TCR clone (frequency)

For each patient, the median VAF of somatic mutations was plotted against the frequency of the
largest T-cell clone in the same cell fraction of the same patient. Results for CD4+ and CD8+ cells
are shown separately. The error bars represent interquartile range of the mutation VAFs in the
patient. The purple line represents expected results, if (1) all mutations were heterozygous, (2) they
occurred in the largest T-cell clone, and (3) they existed in all cells of that largest clone. The results
from CD8+ cells were as expected and in line with our previous results.’” However, some CD4+
cells harbor mutations with large VAFs compared to clone sizes.
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