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Supplementary Fig. 16 | Correlation between IBD sharing and sharing of rare variants. A. Correlation between IBD sharing
(average number of IBD segments per pair within UK regions in the past 10, 20, 30, 40 and 50 generations in the UK Biobank cohort)
and ultra-rare variants sharing (average number of Fy mutations per pair within UK regions in the UK Biobank 50k Exome Sequencing
Data Release, for any N between 2 and 499). B. Non-parametric regression of the correlation between IBD sharing (average number
of IBD segments per pair within UK regions in the past 10 and 50 generations in 487,409 samples in the UK Biobank dataset) and
ultra-rare variants sharing (average number of Fy mutations per pair within UK regions in the UK Biobank 50k Exome Sequencing

Data Release, for values of NV smaller than 50).
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Supplementary Fig. 17 | LoF-segment burden exome-wide Manhattan plots for platelet count with and without SNP-
adjustment. Labelled genes are exome-wide significant after adjusting for multiple testing (t-test p < 0.05/(14,249 x 10) = 3.51 x 1077;
dashed red line). We compare results before (top) and afer (bottom) adjusting for common SNP associations. Both LoF-segment bur-
den analyses used 303,125 UK Biobank samples not included in the exome sequencing cohort. The cluster of genes in chromosome
12 labeled as RPH3A (the top association) contains KCTD10, TCHP and RPH3A and the signal with CLDN25 was cleared after SNP-
adjustment. Red labels in the bottom plot indicate associations that were not detected in our WES-based LoF burden analysis or

reported by Van Hout et al.
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Supplementary Fig. 18 | LoF-segment burden exome-wide Manhattan plot for eosinophill count. Labelled genes are exome-wide
significant (after adjusting for multiple testing, t-test p-value < 0.05/(14,249 x 10) = 3.51 x 10~ "; dashed red line). The LoF-segment
burden analysis (with SNP adjustment) used 303, 125 UK Biobank samples not included in the exome sequencing cohort. We identified
one locus previously reported by Van Hout et al. (black label), and additional loci on chromosomes 6,9 and 12 (labels in red). Table 2

reports the list of genes within the gene cluster labeled as HLA.
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Supplementary Fig. 19 | LoF-segment burden exome-wide Manhattan plot for mean corpuscular haemoglobin. Labelled genes
are exome-wide significant (after adjusting for multiple testing, t-test p-value < 0.05/(14,249 x 10) = 3.51 x 10~7; dashed red line).
The LoF-segment burden analysis (with SNP adjustment) used 303,125 UK Biobank samples not included in the exome sequencing

cohort. We identified two loci previously reported by Van Hout et al. (45), KLF1 and GMPR (gene labels in black), and two novel

associations at HLA and CHEK2 (labels in red).
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Supplementary Fig. 20 | LoF-segment burden exome-wide Manhattan plot for platelet distribution width. Labelled genes are
exome-wide significant (after adjusting for multiple testing, t-test p-value < 0.05/(14,249 x 10) = 3.51 x 10~7; dashed red line). The
LoF-segment burden analysis (with SNP adjustment) used 303, 125 UK Biobank samples not included in the exome sequencing cohort.

We identified one locus previously reported by Van Hout et al. (45), TUBBT (black label), and two additional genes, APOA5 and GP1BA

(labels in red).
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Supplementary Fig. 21 | LoF-segment burden exome-wide Manhattan plot for red blood cell count. Labelled genes are exome-

wide significant (after adjusting for multiple testing, t-test p-value < 0.05/(14,249 x 10) = 3.51 x 10~7; dashed red line). The LoF-

segment burden analysis (with SNP adjustment) used 303, 125 UK Biobank samples not included in the exome sequencing cohort. We

detected one novel association at the HLA locus which was not detected by either of the WES-burden tests.
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Supplementary Fig. 22 | LoF-segment burden exome-wide Manhattan plot for red blood cell distribution width. Labelled genes
are exome-wide significant (after adjusting for multiple testing, t-test p-value < 0.05/(14,249 x 10) = 3.51 x 10~7; dashed red line).
The LoF-segment burden analysis (with SNP adjustment) used 303,125 UK Biobank samples not included in the exome sequencing
cohort. We identified two previously-reported loci (black labels), KLF1 (detected by Van Hout et al. (45)) and APOC3 (detected by our

WES burden analysis), along with two additional (labels in red).
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Supplementary Fig. 23 | Quantile-quantile plots for LoF-segment burden association. Quantile-quantile plots for mean platelet
(thrombocyte) volume (left) and for the same ftrait, but with randomly permuted phenotype values (right). We observe no signal in
the permuted phenotype analysis, suggesting a well-calibrated test. The genomic inflation factor for the (SNP-adjusted) LoF-segment
burden test, calculated as the the ratio between the observed median chi-squared association statistic and the median chi-squared
association statistic expected under the null, is 1.982 (similar values were observed for the other traits). Values larger than 1 may
be caused by pervasive polygenicity (75) and are also observed in analyses of common variants (1.492 for this trait using summary

statistics from (73)) and by population stratification remaining after correcting for principal components (67) (see Discussion).
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SUPPLEMENTARY TABLES
Time
25 50 100 150 200
Method
t 25 50 100 150 200
FastSMC
length 1.5 1 0.5 0.25 0.1

min | 0.001 | 0.001 | 0.001 | 0.001 | 0.001
GERMLINE bits 64 64 64 64 64

err 0 0 0 0 0
1 0.5 0.5 0.5 0.5 0.5
r 10 10 10 10 10
RaPID
S 8 8 8 5 5
w 3 3 3 3 3
length 1.5 1 0.75 0.5 0.1
RefinedIBD
lod 1 1 1 1 1

Supplementary Table 1 | Optimal parameters from the grid search for IBD detection methods. The accuracy of each method
(FastSMC, GERMLINE, RaPID and RefinedIBD) was optimised at different time scale (25, 50, 100, 150 and 200 generations) on a
simulated dataset of 300 haploid individuals from a European demographic model and a region of 30 Mb from chromosome 2 (see
Methods). FastSMC has two main parameters that we tuned: a time threshold (t) to indicate how deep in time the user wants to detect
common ancestry, and a minimum length parameter (in cM) (length) for the IBD segments. The time threshold parameter was always
set to be the same as the time threshold used for the benchmarking. We tuned three parameters in GERMLINE: the minimum length
of IBD segments (in cM) (min, optimized over [0.001,0.01,0.1,0.5,0.75,1,1.5, 3, 5]), the numbers of bits (SNPs) in each window (bits,
optimized over [32,64,128,256]), the minimum number of mismatches allowed in each of them (err, optimized over [0,2,5,10,20]).
RaPID has four major parameters: the minimum IBD segments length (in cM) (I, optimized over [0.001,0.01,0.1,0.5,1,1.5,3,5]), the
number of iterations for the PBWT algorithm (r, optimized over [1,5,10,40,70]), the minimum number of successes (s, optimized
over [1,5,8,10,20,35,40,50,70]) and the window size (in SNPs) (w, optimized over [1,3,5,10,15,20,50,85,110,150]). RefinedIBD’s
parameters include a minimum length (in cM) (length, optimized over [0.001,0.01,0.1,0.5,0.75,1,1.5,3,5]) and a minimum LOD score

(proxy for quality) (lod, optimized over [0.01,0.1,1, 3, 5]). We used default values for all parameters not mentioned here.
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time threshold | average common average percent auPRC improvement:
(generations) recall range method auPRC 100 (auPRCgygsmc/auPRCx - 1)
FastSMC 0.62 (0.06)
RefinedIBD | 0.54 (0.07) 13.98 (5.70)
25 [0.07, 0.86]
GERMLINE | 0.59 (0.06) 4.71 (2.52)
RaPID 0.46 (0.07) 35.61 (13.23)
FastSMC 0.59 (0.03)
RefinedIBD | 0.52 (0.04) 14.61 (4.45)
50 [0.03,0.77]
GERMLINE | 0.57 (0.03) 4.30 (0.88)
RaPID 0.41 (0.05) 46.27 (12.37))
FastSMC 0.51 (0.02)
RefinedIBD | 0.46 (0.03) 10.05 (2.27)
100 [0.01, 0.66]
GERMLINE | 0.46 (0.02) 11.34 (1.51)
RaPID 0.29 (0.04) 80.15 (19.62)
FastSMC 0.46 (0.01)
RefinedIBD | 0.44 (0.02) 491 (1.54)
150 [0.01, 0.60]
GERMLINE | 0.38 (0.01) 19.04 (1.96)
RaPID 0.22 (0.03) 114.36 (28.98)
FastSMC 0.41 (0.01)
RefinedIBD | 0.40 (0.01) 1.04 (1.15)
200 [0.00, 0.53]
GERMLINE | 0.33 (0.01) 24.11 (2.36)
RaPID 0.18 (0.02) 133.95 (32.67)

Supplementary Table 2 | Accuracy measurement. Difference in accuracy between FastSMC and other IBD detection methods
within the past 25, 50, 100, 150 and 200 generations. We report the percent improvement for the area under the precision-recall curve
(auPRC) of FastSMC over other methods. For all methods, precision can only be estimated within a limited recall range (due mostly
to the minimum length parameter) and we only report accuracy measurement on the common recall range. Optimal parameters from
fine-tuning were used (see Supplementary Table 1). Accuracy was measured on 10 realistic simulated datasets, all different from the
one used for parameters fine-tuning and all consisting of a 30Mb chromosome under European demographic history model for 300
samples, recombination rates from a human chromosome 2 and SNP ascertainment matching UKBB allele frequencies (see Methods).

Numbers in round brackets represent standard errors over 10 simulations.
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time threshold (generations) | average recall range auPRC
25 [0.07, 0.84] 0.62 (0.09)
50 [0.03, 0.72] 0.57 (0.05)
100 [0.01, 0.65] 0.51 (0.03)
150 [0.0, 0.59] 0.45 (0.02)
200 [0.0, 0.55] 0.4 (0.01)

Supplementary Table 3 | Effects of demographic model misspecification. We simulated 10 batches of 300 haploid samples from

the first 30Mb of a human Chromosome 2 and a constant population size of 10,000 diploid individuals. We ran FastSMC at different

time scales, assuming a European demographic model and we reported the auPRC and the average recall range. Numbers in round

brackets represent standard errors. Values are very similar to results obtained on samples simulated with a European demographic

model (see Supplementary Table 2). Demographic model misspecification does not impact auPRC.
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Chr Region (Mb) Min. p-value Top SNP Candidate gene(s) Top gene

RSG1, SDHB, CROCC, MFAP2, NBPF1,
SZRD1, FBX042, NECAP2, ATP13A2, FAM231A,
FAM231B, FAM231C, SPATA21, RSG1, SDHB,
EPHA2, HSPB7, PADII, PADI2, PADI3,
CLCNKA, CLCNKB, Clorf64, FAM131C, ARHGEF19,
1 16.56-17.35 1.59e-07 5142953444 Clorf134 NBPF1

ACP6, BCL9, GJAS, GJA8, GPR89B,
FMOS, CHDI1L, GPR89B, NBPF24, PRKAB2,

1 146.79-147.42 3.23e-09 1rs35618507 BX842679.1 CHDI1L
APN2, CAPNS, TP53BP2, SUSD4, FBXO28,
1 223.71-224.09 1.65e-07 rs73128182 Clorf65, AC138393.1 CAPNS

LCT, DARS, HNMT, MCM6, ACMSD, CCNT2,
CXCR4, MGATS5, UBXN4, R3HDM1, THSD7B,
2 134.57-138.75 1.00e-20 rs80188644 ZRANB3, MAP3K19, TMEM163, RAB3GAP1, HNMT LCT

6 25.15-33.65 1.00e-20 rs116460689 HLA region HLA region

MRCI, STAM, PTPLA, MRCI1LI, ST8SIA6,
TMEM236, VIM, MRC1, TRDMT1, ST8SIAG6,
10 17.43-18.10 1.37e-09 rs61842124 SLC39A12 MRC1

11 0.84-1.71 1.00e-20 1s9704919 MUC gene family MUC2

HP, FUK, HPR, TAT, AARS, COG4, IL34,
IST1, PDPR, AP1G1, WWP2, ZFHX3, CLEC18A
CALB2, CHST4, CMTR2, DHODH, DHX38,
HYDIN, SF3B3, VAC14, ZNF19, ZNF23,
ATXNIL, DDX19A, DDX19B, EXOSC6, FKSG63,
MTSSIL, PHLPP2, PMFBP1, TXNL4B, ZNF821,
CLECI8C, ST3GAL2, FLJ00418, MARVELD3,

16 70.10-72.69 3.40e-09 rs1833931 AC009060.1, AC010547.9, RP11-529K1.3, HYDIN
MVD, BANP, CYBA, IL17C, ZFPM1,
16 88.25-88.48 1.83e-07 1s9925058 ZC3H18, ZNF469 BANP

GRN, NSF, PPY, PYY, STH, FZD2, GFAP,
GICI1, MAPT, MPP2, MPP3, NAGS, NMT]1,
UBTF, WNT3, ACBD4, ASB16, C1QLI,
CRHR1, DBF4B, DCAKD, DUSP3, FMNLI,
G6PC3, HDACS, LSM12, PLCD3, TMUB2, WNT9B,
ADAMI1, ARL17A, ARL17B, CCDC43, EFTUD?2,
HEXIMI, HEXIM2, HIGD1B, ITGA2B, KANSL1,
KIF18B, SLC4A1, SPPL2C, ATXN7L3, CCDC103,
CD300LG, FAM187A, FAM215A, GPATCHS,
LRRC37A, PLEKHMI1, RUNDC3A, SPATA32,
TMEM101, ARHGAP27, C170rf53, FAM171A2,
LRRC37A2, SLC25A39, C170rf104, C170rf105,
ACO003043.1, AC003102.1, RP11-527L4.2, DHXS,
ETV4, SOST, GOSR2, MEOX1, RPRML, WNT9B,
17 41.84-44.95 2.67e-11 1rs1230396 RP11-156P1.2 EFTUD2

EPOR, LDLR, RGL3, DOCK6, KANK2, RAB3D, SPC24,
PRKCSH, SWSAP1, CCDC151, CCDC159, TMEM205,
TSPAN16, C190rf80, DKFZP761J1410, ACP5, CNN1,
DNM2, CARMI, ECSIT, ELOF1, TMEDI1, YIPF2,
ELAVL3, ZNF627, ZNF653, SMARCAA4, C190rf38,

19 11.19-11.56 1.60e-09 rs36005514 C190rf52, CTC-398G3.6 LDLR

PVR, APOE, BCAM, BCL3, CBLC, APOC1, PVRL2,
IGSF23, TOMM40, ZNF112, ZNF180, ZNF224,
ZNF225, ZNF226, ZNF227, ZNF229, ZNF233,
ZNF234, ZNF235, ZNF285, CEACAM16, CEACAM19,
CTC-512J12.6 RELB, APOC2, APOC4, NKPD1,
ZNF45, CLASRP, CLPTM1, GEMIN7, ZNF155,
ZNF221, ZNF222, ZNF223, ZNF230, ZNF283,
ZNF284, ZNF296, ZNF404, BLOCI1S3, PPPIR37,
TRAPPC6A, AC005779.2, APOC4-APOC2
19 44.60-45.45 3.23e-12 172480795 CTB-129P6.11 BCAM

Supplementary Table 4 | Genome-wide significant selection loci. We report loci with elevated values of the DRCsy statistic (in the
past 50 generations) in the UKBB (after adjusting for multiple testing p < 0.05/52,003 = 9.6 x 10’7). The DRCs statistic of recent
positive selection was computed using all 487,409 individuals from the UKBB. When multiple candidate genes were found, we only

retained the one nearest to the top SNP, referred to as the top gene (i.e with the smallest p-value). Novel genes are denoted in bold.
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Recombination rate Percentile Marker density Percentile
Chr Region (Mb) Min. p-value Top SNP at peak recombination rate at peak marker density
1 16.56-17.35 1.59¢-07 rs142953444 0.54 0.9804 12 0.9343
1 146.79-147.42 3.23e-09 135618507 0.17 0.687 36 0.2345
1 223.71-224.09 1.65e-07 rs73128182 0.19 0.7286 39 0.1857
2 134.57-138.75 1.00e-20 rs80188644 0.1 0.5096 22 0.5945
6 25.15-33.65 1.00e-20 rs116460689 0.25 0.8159 47 0.0966
10 17.43-18.10 1.37e-09 rs61842124 0.1 0.5327 8 0.9853
11 0.84-1.71 1.00e-20 rs9704919 0.3 0.8655 133 0.003
16 70.10-72.69 3.40e-09 rs1833931 0.45 0.9577 19 0.7041
16 88.25-88.48 1.83e-07 1rs9925058 0.19 0.7293 21 0.6344
17 41.84-44.95 2.67e-11 rs1230396 0.04 0.2594 21 0.6338
19 11.19-11.56 1.60e-09 rs36005514 0.44 0.9542 577 0.0001
19 44.60-45.45 3.23e-12 rs72480795 0.45 0.9581 58 0.042

Supplementary Table 5 | Marker density and recombination rate percentiles for genome-wide significant selection loci under
selection. We divided the genome into 0.1 Mb windows and computed recombination rate and marker density within each window.
We then ranked the windows by marker density (from high to low values) and by recombination rate (from low to high values) to get
percentiles for each window. We associated each of the selection peaks reported in Supplementary Table 4 to the window they fell in.

We report the marker density and recombination rate percentiles for each selection peak.
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LoF-segment burden LoF-segment burden WES LoF burden WES LoF burden
Trait Gene

not SNP-adjusted SNP-adjusted not SNP-adjusted SNP-adjusted

IL33 2.19E-18 8.64E-15 2.01E-03 6.85E-03

HISTIHIA 4.17E-16 1.62E-07 6.78E-01 6.81E-01

HISTIHIC 4.67E-19 8.25E-09 2.94E-01 2.80E-01

HISTIHIT 5.17E-15 2.67E-07 9.48E-01 9.58E-01

HISTIH2BF 1.05E-13 3.31E-07 2.65E-03 2.77E-03

HISTIH3E 1.76E-17 1.94E-08 1.46E-01 1.48E-01

HISTIH4F 1.39E-18 2.35E-09 7.66E-01 7.71E-01

BTN3A2 1.23E-17 2.32E-09 3.56E-01 3.56E-01

BTN2A2 8.02E-21 7.20E-11 5.59E-01 5.63E-01

BTN3A3 5.36E-17 3.80E-09 9.55E-01 9.65E-01
BTN2A1 1.65E-17 6.95E-10 9.75E-01 1.00E+00

BTNIAI 4.33E-13 2.06E-07 1.00E+00 9.92E-01

ABTI 4.12E-18 3.55E-10 2.15E-01 2.18E-01

HISTIH2AG 2.71E-16 5.81E-15 4.09E-02 4.13E-02

HISTIH2AH 3.72E-19 1.51E-17 2.75E-01 2.73E-01

PRSS16 1.66E-12 1.75E-11 6.60E-02 6.62E-02

POMI21L2 1.28E-18 2.98E-17 6.73E-01 6.76E-01

ZNF391 4.30E-26 1.74E-24 4.71E-01 4.69E-01

Eosinophil HISTIH2BM 4.32E-17 4.01E-16 3.29E-02 3.25E-02
count HISTIH2AK 8.31E-11 9.96E-10 1.73E-01 1.71E-01
HISTIH2BO 2.90E-10 1.61E-09 7.40E-01 7.42E-01

OR2B2 1.36E-23 5.80E-22 4.20E-02 4.27E-02

OR2B6 2.21E-08 2.01E-07 6.87E-02 6.84E-02

ZNF165 3.50E-22 1.48E-20 9.55E-01 9.36E-01

ZSCANI6 2.52E-21 5.39E-20 2.41E-01 2.41E-01

ZKSCANS 2.26E-07 2.96E-07 6.54E-01 6.40E-01

ZSCAN9 2.89E-13 9.59E-12 3.44E-01 3.40E-01

ZKSCAN4 1.14E-15 2.63E-14 4.15E-01 4.18E-01

NKAPL 9.19E-16 4.63E-15 5.71E-01 5.54E-01

PGBDI 5.04E-24 1.99E-22 1.06E-01 1.06E-01

ZSCAN31 1.12E-28 1.21E-26 4.16E-01 4.31E-01

ZSCANI2 5.12E-20 1.43E-18 4.51E-01 4.55E-01

ZSCAN23 7.33E-10 3.59E-09 5.07E-01 5.07E-01

GPX6 5.40E-17 8.29E-16 3.86E-01 3.89E-01

PSORSIC2 8.36E-26 3.71E-22 5.32E-01 5.43E-01

RPH3A 2.27E-07 7.63E-14 3.16E-01 2.74E-01

OAS3 5.49E-04 2.76E-08 2.07E-02 1.63E-02

GFI1IB 1.93E-07 1.92E-07 3.96E-01 3.99E-01

KLF1 1.88E-20 6.79E-21 9.11E-15 1.51E-14

GMPR 6.60E-12 7.60E-11 2.94E-06 7.73E-06

HISTIH2BA 6.40E-31 9.26E-28 5.50E-01 4.65E-01

SLC17A2 2.58E-03 1.29E-08 5.34E-01 5.29E-01

HISTIH2AB 2.13E-20 5.30E-21 9.81E-01 9.13E-01

HFE 1.39E-02 6.90E-10 5.68E-01 5.44E-01

HISTIH4C 1.60E-16 2.13E-26 3.33E-01 3.47E-01

Mean HISTIH2BD 2.86E-05 4.24E-10 7.62E-01 8.38E-01
corpuscular HISTIH4D 4.02E-69 3.82E-69 7.34E-01 7.21E-01
haemogliobin HISTIH2BG 2.89E-19 9.86E-17 5.73E-01 5.13E-01
HISTIH2AE 1.68E-12 5.62E-08 6.05E-01 7.18E-01

HISTIHID 1.28E-05 6.79E-15 6.73E-01 6.17E-01

BTN2A1 1.98E-07 2.07E-19 3.18E-01 2.97E-01

HISTIH2AG 6.61E-11 6.77E-08 3.86E-01 2.63E-01

HISTIHA41 2.01E-17 1.42E-22 4.39E-02 3.64E-02

ZNF184 3.95E-33 1.74E-07 1.48E-01 1.66E-01

CHEK2 5.58E-08 1.43E-07 1.44E-04 2.19E-04

PSORSIC2 2.49E-17 1.47E-17 9.16E-01 9.23E-01

GPIBA 3.48E-20 1.82E-19 8.84E-08 1.03E-07

HISTIH4D 2.54E-07 7.26E-08 1.84E-01 2.10E-01

POMI21L2 2.39E-06 1.46E-08 2.73E-01 2.84E-01

OR2B6 6.48E-08 8.39E-08 3.69E-01 3.64E-01

CHEK2 5.98E-08 1.93E-07 1.21E-01 1.38E-01

Mean platelet POLK 2.01E-11 4.17E-09 5.93E-01 6.37E-01
thrombocyte volume IQGAP2 4.49E-36 4.40E-34 3.72E-15 2.55E-15
CENPBDI1 1.64E-07 2.61E-07 2.67E-01 2.74E-01

MLXIP 4.23E-10 6.29E-10 2.31E-03 1.12E-03

KALRN 2.31E-14 3.79E-12 3.85E-18 3.01E-17

ZNF664 2.11E-09 3.98E-08 7.75E-01 7.94E-01

ORGF1 7.01E-12 1.44E-08 4.78E-01 7.77E-01

GPIBA 5.97E-08 1.43E-07 3.59E-05 4.47E-05

ABTI 7.91E-02 1.10E-07 4.78E-03 5.28E-03

MPL 3.08E-07 1.99E-07 1.86E-04 1.54E-04

Platelet IQGAP2 5.26E-08 6.52E-08 1.72E-04 1.13E-04
count KCTDIO 1.49E-10 2.11E-07 1.30E-02 1.28E-02
TCHP 2.76E-13 1.73E-11 3.98E-01 3.73E-01

RPH3A 4.06E-08 4.82E-13 9.14E-01 9.57E-01

Platelet GPIBA 7.51E-10 4.26E-09 7.37E-06 9.78E-06
distribution TUBBI1 6.10E-12 7.38E-12 7.34E-18 1.23E-17
width APOAS 1.12E-08 1.94E-08 2.14E-01 2.39E-01
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BTN2A1 7.79E-11 7.65E-08 5.42E-01 5.39E-01

POMI21L2 6.22E-08 2.52E-07 2.56E-01 2.53E-01

HISTIH2BM 8.71E-08 1.02E-07 4.18E-01 4.17E-01

HISTIH2BO 2.79E-08 7.86E-08 1.70E-01 1.65E-01

Red blood cell ZNF165 3.54E-08 4.79E-08 8.95E-01 9.59E-01
count ZSCAN9 4.04E-11 1.39E-10 5.86E-01 5.75E-01
ZKSCAN4 9.64E-09 2.29E-08 5.24E-01 5.04E-01

PGBD1 1.05E-07 1.24E-07 6.66E-01 7.48E-01

ZSCAN31 3.36E-08 3.75E-08 7.18E-01 7.53E-01

GPX6 7.71E-07 1.11E-07 4.62E-01 4.64E-01

PSORSIC2 3.16E-11 2.33E-10 1.61E-01 1.55E-01

KLF1 4.60E-33 3.49E-34 6.95E-13 5.69E-13

HISTIHIA 1.48E-27 1.42E-07 9.81E-01 9.87E-01

HISTIH3A 7.40E-28 6.91E-08 2.60E-01 2.90E-01

HISTIHIC 2.01E-30 1.21E-08 9.70E-01 9.66E-01

HISTIHIT 1.29E-25 6.54E-08 3.33E-01 4.61E-01

HISTIH4D 1.04E-33 1.86E-08 8.85E-01 8.07E-01

HISTIH4F 9.32E-25 1.60E-07 1.54E-01 1.87E-01

BTN3A2 4.12E-23 1.95E-07 7.95E-01 7.46E-01

HISTIH2AG 3.48E-17 1.90E-12 4.03E-01 3.08E-01

HISTIH2AH 1.07E-14 3.34E-08 8.55E-01 7.89E-01

Red blood cell ZNF391 1.44E-20 3.03E-15 2.88E-01 3.13E-01
distribution HISTIH2BM 2.06E-13 5.75E-08 7.22E-01 7.06E-01
width HISTIH2AM 1.79E-09 3.36E-07 3.34E-01 3.26E-01
ZNF165 1.35E-14 3.51E-13 7.91E-01 7.54E-01

ZSCANI6 7.53E-12 1.09E-10 5.50E-01 5.76E-01

NKAPL 1.11E-13 1.81E-10 8.64E-01 8.35E-01

PGBDI1 1.58E-12 2.18E-11 4.90E-01 4.88E-01

ZSCAN31 1.06E-12 3.77E-11 6.55E-01 5.65E-01

ZSCANI2 1.22E-17 8.79E-12 4.83E-01 4.22E-01

GPX6 8.37E-19 6.20E-13 4.76E-01 4.89E-01

APOC3 1.37E-12 3.67E-11 2.13E-07 2.57E-07

GFIIB 3.93E-07 8.10E-08 6.32E-01 6.40E-01

Supplementary Table 6 | Exome-wide significant genes by LoF-segment burden, and comparison to other tests. A detailed
comparison between the four association tests we performed. We report all genes found significant using SNP-adjusted LoF-segment
burden (using 303,125 non-sequenced samples; 111 associations in total), as well corresponding p-values for LoF-segment burden
without SNP-adjustment, and WES-LoF association (using 34,422 sequenced samples) with or without SNP-adjustment. P-values
are computed using two-sided t-tests. Genes in bold correspond to hits previously reported by Van Hout et al. (45), for a total of eight
replicated signals at exome-wide significance in the non-sequenced cohort. SNP-adjustments resulted in decreased significance for the
LoF-segment burden test, but had a smaller effect on the WES-LoF-based approach; in total WES-LoF with SNP-adjustment achieved

similar p-values in all but one (GMPR) of the exome-wide significant hits obtained by the simple WES-LoF test.
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