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Supplementary Table 1. Characteristics of individuals in UK Biobank.

European Ancestry Non-European Ancestry

N Individuals 335660 69909

Age = SD, years 57+8 55+38

Male, n (%) 155753 (46%) 31440 (45%)
UK BIiLEVE Array, n (%) 43 528 (13%) 5097 (7%)
Systolic Blood Pressure + SD, mm Hg* 143 + 22 140 + 22
Diastolic Blood Pressure + SD, mm Hg* 84 + 12 84 +12
Body Mass Index + SD, kg/m2 27+5 27 +35
Waist-to-Hip Ratio + SD 0.87 + 0.09 0.87 +0.09
Coronary Heart Disease, n (%) 12445 (3.7%) 2360 (3.3%)

Abbreviations: SD, standard deviation



Supplementary Table 2. Characteristics of genes identified in low frequency (<5%) predicted loss-of-function variant analysis.

Gene Description of Gene
FLG encodes filaggrin, a protein which crosslinks keratin fibers to form a protein-lipid matrix in the epidermis which

FLG prevents water loss and infection. Loss of function variants in FLG have been identified as a cause of atopic dermatitis.’
HLA-DQBI encodes the beta 1 subunit of the class II major histocompatibility complex, present on antigen-presenting

HLA-DQBI cells to display antigens. Polymorphisms in this gene are associated with a range of autoimmune disorders.®
IL33 encodes interleukin-33, a cytokine that is an inducer of T helper 2 cell responses. Injection of IL33 into mice

1133 induces of eosinophilia. Expression of IL33 is elevated among individuals with severe asthma.’

GPR151 encodes a G-protein coupled receptor of unknown function whose expression seems limited to the central
nervous system. Of note, recent lineage tracing studies have localized connections to hypothalamic neurons, a region of

GPR151 the brain important in the control of appetite.'°
PKHDI1L1 encodes fibrocystin-L, a large (446 kilodalton protein) predicted to have a single transmembrane domain.
Fiibrocystin-L is homologous to PKHD1, the autosomal recessive polycystic kidney disease gene, but is of unknown

PKHDIL1  function.'

ENPEP ENPEP encodes glutamyl aminopeptiase, an enzyme that degrades angiotensin II and promotes vasodilation. '
BTN3A2 encodes a butyrophilin family member. Other butyrophilin family members regulate T cell activation '* and
variants in BTN3A2 have been reported to be associated with gastric cancer'* and hepatitis C infection. !> However, the

BTN3A2 function of BTN3A2 is unclear. '

TMC3 TMC3 encodes transmembrane channel-like 3, a protein homologous to a known ion channel but of unclear function.'®
PDE11A encodes phosphodiesterase 11A which hydrolyzes both cAMP and cGMP and is expressed in skeletal muscle,
prostate, kidney, liver, pituitary, and salivary glands and testis.!” Loss of function variants in phosphodiesterase 11A

PDEIIA have been identified as a cause of adrenocortical hyperplasia.®

CLHC1 CLHCI1 encodes clathrin heavy chain linker domain containing 1, a protein of unknown function.

CCDC66 encodes coiled-coil domain containing 66 is a widely expressed protein of uncertain function. Loss of function

CCDC66 variants in coiled-coil domain containing 66 have been reported to cause retinal degeneration and dysfunction in mice.!”
DAP encodes death-associated protein 1, a small cytosolic mediator of interferon-gamma induced cell death.?’ Reduced
expression of death-associated protein 1 in tumor tissues has been associated with an increased risk of death in

DAP colorectal cancer patients?! and in breast cancer patients.?

TRIMA40 encodes tripartite motif containing 40, a member of the tripartite motif containing family which have been

TRIM40 reported to have roles in ubiquitination. TRIM40 has been reported to prevent inflammation in the gastrointenstinal tract




by inhibiting nuclear factor-kappaB.??

MICA

MICA encodes MHC class I polypeptide-related sequence A, a protein that is highly expressed on the surface of
intestinal epithelial cells during stress.?* By binding to receptors on T cells and natural killer cells, MICA promotes a
cytolytic response, thus inducing an anti-tumor response when expressed on tumor cells.?* MICA has also been reported
to be expressed by intestinal epithelial during cytomegalovirus infection?® and in the intestinal epithelial of active celiac
disease patients.?®

PDE3B

PDE3B encodes the gene phosphodiesterase 3B, an adipocyte-expressed enzyme that hydrolyzes cyclic adenosine
monosphosphate (¢cAMP) and inhibits lipolysis in response to insulin binding to the insulin receptor. 2’ PDE3B
knockout mice have been reported to have reduced aortic atherosclerosis and markers of inflammation.?® Furthermore,
PDE3B knockout reduced infarct size in a mouse coronary artery ligation model of myocardial infarction.?” Of note,
cilostazol is an approved medicine that is a non-selective pharmacologic inhibitor of both phosphodiesterase 3B and the
related isoform phosphodiesterase 3A.%° In a small 211 participant randomized trial, cilostazol significantly reduced
restenosis after percutaneous coronary balloon angioplasty.*°

APOLDI1

APOLDI encodes apolipoprotein L domain containing 1, a protein of unclear function. Apolipoprotein L domain
containing 1 is expressed in vascular endothelial cells and has been reported to been induced in the endothelium by
electrical or chemical stimulation. 3!

IFTH1

IFIHI encodes interferon induced with helicase C domain 1, a cytoplasmic receptor that induces interferon signaling
upon binding to viral RNA. * Gain of function mutations in IFIHI cause Aicardi-Goutiéres syndrome, a rare genetic
disorder characterized by lymphocytosis in the cerebral spinal fluid and cerebral atropy. *> Common variants in the
IFIH] locus have previously been identified as associated with psoriasis®* and vitiligo®*, while rare pLOF variants in
IFIH] have been associated with a reduced risk of type 1 diabetes>’.

ZKSCAN3

ZKSCAN3 (zinc finger with KRAB and SCAN domains 3) encodes a zinc finger family DNA binding protein.
ZKSCAN3 represses transcription of autophagy genes>® and is upregulated in human colon cancer cells. >’

EGFLS

EGFLS8 encodes epidermal growth factor like 8, a gene of unknown function.

GEM

GEM encodes a GTP binding protein induced in T-cells in response to mitogen stimulation.>® GEM has been reported to
down regulate voltage gated calcium channel activity.>* The physiologic function of GEM is unclear.

PYGM

PYGM encodes glycogen phosphorylase, an enzyme expressed in skeletal muscle that hydrolyzes glycogen into
glucose-1-phosphate for energy during exercise.** Homozygous loss of function variants in PYGM cause McArdle
disease, which is characterized by the presence of muscle pain and weakness upon exercise that is immediately relieved
upon stopping and the absence of lactate formation during exercise.*!




Supplementary Table 3. Common (>5% frequency) loss of function variants significantly associated with traits and disease in UK
Biobank.

Frequency MHC Locus?
Outcome Gene Variant Location EA RA Consequence (%, European) Beta  SE P-value Novel?

Splice Acceptor No! No

Asthma GSDMB 1511078928 1738064469 C T (c.662-2A>G) 46 -0.10  0.007 6.66*10°
Splice Donor Yes Yes

Asthma BTN3A2 1571557335  6:26368279 A (c-6+1G>A) 13006 0010 1.67%10°
Y Y
Asthma CCHCRI 1572856718 631125257 A C_ p.GludlTer 7 -0.13 0015 2.06*10" e ©
Splice Acceptor Yes No

BMI 1QCK 14782272 16:19729016 C G (c-612-1G>C) 18 -0.02 0003 1.12%107°
No? N
BMI ANKDDIB 1534358 574965122 A G p.Trp480Ter 36 =003  0.002 5.94*10% ° ©
% N
CHD MOB3C 16671527 1:47080679 A G p.Arg24Ter 47 -003 0006 231*107 es ©
Nos N
CHD LPL 1328 819819724 G C  p.Serd74Ter 10 007 0010 1.62%10" © ©
Y N
DBP OR4X2 1s7120775  11:48266736 G C_ p.Tyr27Ter 15 -0.02 0003 1.49*10™ e ©
Y N
DBP OR4CI1 1575423534 1155371381 A G p.Glnl57Ter 11002 0004 269%10° s ©
Splice Donor Yes No

DBP CFLI rs1939212  11:65626701 T C  (c-532+1G>A) 30 001 0.003  9.09%10%
% N
DBP FUT2 rs601338 19:49206674 A G p.Tipl54Ter 50 =002 0.002 60510 es ©
Splice Donor Yes Yes

DBP BTN3A2 1571557335 626368279 A G (c-6+1G>A) 13002 0003 236%10°
Splice Donor Yes Yes

FEVI/FVC BTN3A2 1571557335 626368279 A G (c-6+1G>A) 13 -002 0003 1.19%107
% %
FEVI/FVC ZSCANO  rs76542212 628198122 T C_ p.Argl93Ter 7002 0005 5.07*10° s ©
Yes Yes

FEVI/FVC CCHCRI 153130453 631124849 T C  pTrp78Ter 49 002 0002 7.92%10"
% Y
FEVI/FVC CCHCRI 1572856718 631125257 A C_ p.GludlTer 7003 0005 432%10° ° ©
Y N
Height AKRIE2 1512240276 10:4889403 T C  p.Are301Ter 11 -002 0002 619%10° © ©
Splice Acceptor Yes No

Height PATE4 rs11220236  11:125707761 C A (c.539-2A>C) 41 001 0002 1.09%10%
No' N
Height OR4X2 157120775 11:48266736 C  pTy27Ter 15 002 0003 1.08*10° ° ©
Y N
Height DYXICI  1s57809907  15:55722882 A C  p.Glud17Ter 10 -002 0003 230%10° s ©
Splice Acceptor No* No

Height TBCID29  rs111780165 1728887134 A G (c.13-1G>A) 7 -0.06 0004 3.47%10%
Nod N
Height SLC35G6  rs7214088  17:7386280 A G p.Trp326Ter 26 003 0.003 3.49%10% ° ©
Y N
Height ACYP2 rs1363061  2:54284441 A G p.Trp74Ter 11002 0003 428%10° s °




Yes No
Height CPN2 154974539 3:194061907 A p.GIn509Ter 38 -0.01 0.002 1.88*10°®
No* Y
Height OR2J1 152394517 629069299 T p.GIn194Ter 41 003 0002 521%10% © ©
No* Yes
Height CCHCRI 1s72856718  6:31125257 A C p.Glu41Ter 7 -0.05 0.004 4.38*103¢
Splice Donor Yes Yes
Hypothyroidism  BTN3A2 rs71557335 6:26368279 A G (c.-6+t1G>A) 13 0.09 0.014 4.88*10'°
No® Y
Hypothyroidism CCHCRI  rs72856718  6:31125257 A C  p.GludlTer 7 014 0018 433*107 © ©
No® Yes
Psoriasis OR2J1 1s2394517 6:29069299 T C p.GIn194Ter 41 0.13  0.019 2.46*10'2
No® Y
Psoriasis CCHCRI1 rs3130453 6:31124849 T C p.Trp78Ter 49 034 0.019 1.54*107 © ©
Yes No
SBP OR4X2 157120775 11:48266736 G C p.Tyr27Ter 15 -0.03 0.003 937*10'¢
Yes No
SBP OR4Cl11 1575423534 11:55371381 A G p.GIn157Ter 11 -0.03 0.004 3.04*10°'°
Splice Donor Yes No
SBP CFL1 1s1939212 11:65626701 T C (c.-532+1G>A) 30 0.02 0.003 8.32%107'°
Splice Acceptor Yes No
SBP TNK1 1s7220814 17:7290695 G A (c.1398-2A>QG) 6 -0.02 0.005 1.89*107
Y No
SBP FUT2 rs601338 19:49206674 A G p.Trp154Ter 50 -0.02 0.002 3.87*107!! s
Yes No
WHRadjBMI SLC35G6 157214088 17:7386280 A G p.Trp326Ter 26 0.01 0.003 4.01*107
Splice Donor Yes Yes
WHRadjBMI BTN3A2 rs71557335 6:26368279 A G (c.-6+1G>A) 13 -0.02 0.003 4.06*10"

Abbreviations: EA, effect allele; RA, reference allele; SE, standard error
"Variant identified as independent in sequential conditional analysis.



Supplementary Table 4. Variants previously reported in genome wide association studies within the same loci as identified low
frequency loss of function variants.

Outcome Gene Rare Variant Location ;T"qu;i:}sgean) Previous Variant in Locus? Variant Location Frequency (%)
Asthma FLG 1561816761 1:152285861 1.51 No

Asthma HLA-DQBI1  rs28688207 6:32628660 3.14 Yes® 1s9273349 6:32733847 42
Asthma 1L33 1s146597587  9:6255967 0.44 Yes? rs1342326 9:6180076 16
BMI GPR151 rs114285050  5:145895394 0.78 No

BMI PKHDILI1 1s533623778  8:110523131 1.0*10* No

DBP ENPEP 1s33966350 4:111431444 1.19 No

DBP BTN3A2 1s58367598 6:26370833 3.75 No

DBP TMC3 rs150843673  15:81624929 2.14  No

Height PDE11A rs76308115 2:178879181 0.52 Yes® rs3821008  2:178682329 12
Height CLHC1 rs114931154  2:55407644 126  No

Height CCDC66 rs150364083  3:56628033 0.58 Yes® 1s9835332 3:56642722 46
Height DAP rs201354802  5:10761153 0.24 No

Height TRIM40 rs115651142  6:30115320 0.63 Yes® 1s9404952 6:29912144 44
Height MICA rs181430930  6:31378575 0.26 Yes® rs6457374 313802466 27
Height PDE3B rs150090666  11:14865399 0.06 No

Height APOLDI rs202116412  12:12879031 0.03 Yes® rs1420023  12: 12767378 12
Hypothyroidism  IFIHI 135337543 2:163136505 145 Yes™ 151990760

Psoriasis ZKSCAN3 1573387810 6:28318166 0.86 No

Psoriasis EGFL8 rs141826798  6:32134395 0.53 Yes® rs4406273  6: 31266090 26
SBP ENPEP 1s33966350 4:111431444 1.19 No

SBP GEM rs138582164  8:95264265 0.04 No

WHRadjBMI PYGM rs116987552 11:64527223 039 No




Supplementary Table 5. Variants previously reported within the same loci as identified common loss of function variants.

Outcome Gene Variant Location (%F,r](;,(llll:zl;gn) Previous Variantin Locus?  Variant Location Freauency (%)
Asthma GSDMB rs11078928  17:38064469 46 Yes? rs2305480  17:38062196 45
Asthma BTN3A2 rs71557335  6:26368279 13 No
Asthma CCHCRI1 1s72856718  6:31125257 7 No
BMI IQCK rs4782272 16:19729016 18 Yes’ rs11641786  16:19844865 14
BMI ANKDDIB 1534358 5:74965122 36 Yes’ 1s253414 5:74956517 34
CHD MOB3C 1s6671527 1:47080679 47 No
CHD LPL rs328 8:19819724 10 Yes? rs264 8:19813180 14
DBP OR4X2 rs7120775 11:48266736 15 No
DBP ORA4Cl11 1s75423534  11:55371381 11 No
DBP CFL1 rs1939212 11:65626701 30 No
DBP FUT2 rs601338 19:49206674 50 No
DBP BTN3A2 rs71557335  6:26368279 13 No
FEVI/FVC BTN3A2 rs71557335  6:26368279 13 No
FEVI/FVC ZSCAN9 1s76542212  6:28198122 7 No
FEVI1/FVC CCHCRI1 rs3130453 6:31124849 49 Yes’ rs2857595  6:31568469 21
FEVI1/FVC CCHCRI1 1s72856718  6:31125257 7 Yes’ 152857595  6:31568469 21
Height AKRIE2 rs12240276  10:4889403 11 Yes!? eI }8;1269217 46
Height PATE4 rs11220236  11:125707761 41 No
Height OR4X2 rs7120775 11:48266736 15 Yes® rs10838835  11: 48246457 12
Height DYXICl1 rs57809907  15:55722882 10 No
Height TBCID29 15111780165 17:28887134 7 Yes!? rs3816780 ;;161358 11
Height SLC35G6 rs7214088 17:7386280 26 Yes? rs11658168 17: 7406134 38
Height ACYP2 rs1363061 2:54284441 11 Yes® rs7588499  2:54728276 48
Height CPN2 rs4974539 3:194061907 38 No




Height OR2J1 52394517 6:29069299 41 Yes® rs3129109  6:29084232 37
Height CCHCRI1 rs72856718  6:31125257 7 Yes® rs2073724  6:31125257 5
Hypothyroidism BTN3A2 rs71557335  6:26368279 13 No
Hypothyroidism CCHCR1 1s72856718  6:31125257 7 Yes!! rs2517532  6:31126386 40
Psoriasis OR2]1 152394517 6:29069299 41 No
Psoriasis CCHCRI1 rs3130453 6:31124849 49 Yes!? rs4406273  6:31266090 9
SBP OR4X2 157120775 11:48266736 15 No
SBP OR4CI11 rs75423534  11:55371381 11 No
SBP CFL1 1rs1939212 11:65626701 30 No
SBP TNK1 rs7220814 17:7290695 6 No
SBP FUT2 rs601338 19:49206674 50 No
WHRadjBMI SLC35G6 1rs7214088 17:7386280 26 No
WHRadjBMI BTN3A2 rs71557335  6:26368279 13 No




Supplementary Table 6. Frequency of loss of function homozygotes in UK Biobank and
in gnoMAD.

Number of Homozygotes
Gene Variant UK Biobank gnoMAD
GPRI51 rs114285050 30 of 405569 13 of 138592
GSDMB rs11078928 85535 of 405569 14909 of 90689
IL33 rs146597587 5 0f 405569 1 of 138239
IFIH] rs35732034 41 of 405569 7 of 131469
PDE3B rs150090666 0 0of 405569 1 of 138583




Supplementary Table 7. Definitions of disease outcomes in UK Biobank.

Outcome

Definition (UK Biobank unless otherwise specified)

Cardiometabolic disease

Coronary heart disease

Inverse variance weighted fixed effects meta-analysis of CARDIOGRAM
Exome Consortium*? outcome (coronary heart disease) and UK Biobank
outcome:

(1) Myocardial infarction (MI), coronary artery bypass grafting, or coronary
artery angioplasty documented in medical history at time of enrollment by a
trained nurse or

(2) Hospitalization for ICD-10 code for acute myocardial infarction (I121.0,
121.1,121.2,121.4,121.9) or

(3) Hospitalization for OPCS-4 coded procedure: coronary artery bypass
grafting (K40.1-40.4, K41.1-41.4, K45.1-45.5) or

(4) Hospitalization for OPCS-4 coded procedure: coronary angioplasty =
stenting (K49.1-49.2, K49.8-49.9, K50.2, K75.1-75.4, K75.8-75.9)

Type 2 Diabetes

History of diabetes unspecified, type 2 diabetes during verbal interview with
trained nurse or hospitalization for or death due to ICD code E11

Atrial fibrillation

History of atrial fibrillation or flutter during verbal interview with trained
nurse or hospitalization for or death due to ICD code 148

History of stroke, adjudicated by UK Biobank centrally as report of stroke
during verbal interview with trained nurse or hospitalization for or death due

Stroke to ICD code 160-64 (http.//biobank.ctsu.ox.ac.uk/crystal/refer.cgi?id=462)
(History of heart failure during verbal interview with trained nurse or
hospitalization for or death due to ICD code I111.0, 113.0,113.2, 1125.5, 142,
Heart failure 150

Venous thromboembolism

History of venous thromboembolism, deep vein thrombosis or pulmonary
embolism during verbal interview with trained nurse or hospitalization for
death due to 126, 180.1, 180.2, 181, or I82.0

Other diseases (>5000 cases)

History of allergic rhinitis/hayfever during verbal interview with trained

Allergic Rhinitis nurse or hospitalization for or death due to ICD code J30
Asthma History of asthma during verbal interview with trained nurse

(History of anxiety/panic attacks during verbal interview with trained nurse
Anxiety or hospitalization for or death due to ICD code F41

Breast cancer

History of breast cancer during verbal interview with trained nurse or
hospitalization for or death due to ICD code C50

History of cataract during verbal interview with trained nurse or

Cataract hospitalization for or death due to ICD code H25

History of gallstones during verbal interview with trained nurse or
Cholelithiasis hospitalization for or death due to ICD code K56.3 or K80

History of depression during verbal interview with trained nurse or
Depression hospitalization for or death due to ICD code F32

History of hypothyroidism during verbal interview with trained nurse or
Hypothyroidism hospitalization for or death due to ICD code E03

Gastric reflux

History of gastric reflux during verbal interview with trained nurse or
hospitalization for or death due to ICD code K21

History of osteoporosis during verbal interview with trained nurse or

Osteoporosis hospitalization for or death due to ICD code M80 or M81

History of osteoarthritis during verbal interview with trained nurse or
Osteoarthritis hospitalization for or death due to ICD code M15-19

History of psoriasis during verbal interview with trained nurse or
Psoriasis hospitalization for or death due to ICD code L40

Abbreviations: ICD, international classification of disease



Supplementary Table 8. Predicted loss of function variants in PDE3B identified in the
Myocardial Infarction Genetics Consortium.

Variant Effect of Variant Carriers in Carriers in
Cases Controls
11:14666481 C/CTG Frameshift: p.11e289Ter | 0 1
11:14666497 G/GAGGA | Frameshift: p.Arg294Lys | 0 1
11:14810650 A/G Splice Acceptor: ¢.1279- | 0 1
2A>G
11:14839865 AT/A Frameshift: p.Ser554Leu | 0 1
11:14840680 A/T Splice Acceptor: ¢.1734- | 1 0
2A>T
11:14840732 CA/C Frameshift: p.Asp596lle | 1
11:14854304 G T Stop Gained: 0
p.Glu711Ter
11:14854367 C/T Stop Gained: 1 1
p.Arg732Ter
11:14865399 C/T Stop Gained: 8 15
p.Arg783Ter
11:14880600 C/A Stop Gain: p.Tyr844Ter | 0
11:14882913 G/T Splice Donor: 0 1

c.2886+1G>T
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Supplementary Figure 1: Quantile-quantile plot for predicted loss-of-function analysis.
No evidence of genomic inflation was observed (lambda = 1.09).
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