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Table S1. Descriptive statistics for the different studies analyzed in this project. For age, height, body mass index (BMI) and waist-hip ratio adjusted for BMI (WHR), we provide the mean trait value by sex. For the GIANT ExomeChip studies, we provide the maximum number of loss-of-function (LoF) variants available based on the array content. Rare LoF variants have a minor allele frequency <5% (for the ExomeChip datasets, we used allele frequencies from the MHI Biobank to fill in this table). AA, African Americans; EA, Europeans or individuals of European-ancestry. NA, not available.

	Study (ethnicity)
	Sample size
(men / women)
	Age
(men / women)
	Height (cm)
(men / women)
	BMI (kg/m2)
(men / women)
	WHR
(men / women)
	Number of loss-of-function (LoF) variants
(all / rare)

	
	
	
	
	
	
	Nonsense
	Stop-loss
	Splice site
	Frameshift indel

	NHLBI Exome Sequence Project (ESP)

	ESP (AA)
	372 / 1354
	54.6 / 58.2
	176.3 / 162.7
	28,9 / 35.2
	0.95 / 0.84
	5787 / 5611
	288 / 249
	2705 / 2584
	9357 / 9002

	ESP (EA)
	994 / 1778
	50.5 / 58.9
	176.6 / 161.7
	28.4 / 28.2
	0.97 / 0.84
	7773 / 7623
	274 / 242
	3500 / 3398
	10388 / 10088

	MHI Biobank whole-genome sequencing

	MHI (EA)
	1436 / 531
	65.1 / 69.7
	172.7 / 157.4
	29.4 / 28.9
	0.99 / 0.88
	3399 / 3361
	211 / 187
	1761 / 1710
	3397 / 3174

	GIANT ExomeChip studies

	ARIC (AA)
	1271 / 2086
	53.9 / 53.5
	176.1 / 163.1
	27.7 / 31.0
	0.94 / 0.91
	5658 / 2136
	244 / 93
	10667 / 4483
	NA

	ARIC (EA)
	5102 / 5771
	54.7 / 54.0
	176.2 / 162.0
	27.4 / 26.6
	0.97 / 0.89
	
	
	
	NA

	ASCOT-SC (EA)
	1833 / 629
	62.5 / 64.4
	176 / 160
	28.6 / 28.9
	NA
	
	
	
	NA

	ASCOT-UK (EA)
	2656 / 587
	65/63
	174 / 161
	29 / 28
	NA
	
	
	
	NA

	BioME (AA)
	1530 / 2682
	52.8 / 54.1
	177.9 / 163.9
	28.5 / 31.6
	NA
	
	
	
	NA

	BioME (EA)
	1475 / 1135
	66.3 / 66.0
	177.2 / 162.5
	27.7 / 26.2
	NA
	
	
	
	NA

	BioME (HA)
	1980 / 3355
	54.3 / 56.2
	172.1 / 159.4
	28.9 / 29.8
	NA
	
	
	
	NA

	BIOVU (EA)
	9535 / 11391
	58.1 / 55.4
	178.5 / 163.3
	28.3 / 27.9
	NA
	
	
	
	NA

	BRIGHT (EA)
	308 / 480
	57.4 / 58.6
	173.4 / 160.8
	27.7 / 27.4
	0.94 / 0.83
	
	
	
	NA

	EFSOCH (EA)
	726 / 794
	32.9 / 30.4
	177.7 / 165.0
	26.6 / 25.0
	0.89 / 0.81
	
	
	
	NA

	EGCUT (EA)
	2041 / 2384
	48.6 / 49.2
	178.2 / 164
	28.5 / 28.7
	0.95 / 0.82
	
	
	
	NA

	Endo (EA)
	0 / 533
	NA / 37.7
	NA / NA
	0 / 24.4
	NA / NA
	
	
	
	NA

	EXTEND (EA)
	610 / 971
	58.4 / 55.33
	175.9 / 163.2
	28.1 / 26.8
	0.94 / 0.81
	
	
	
	NA

	InterAct – Cases (EA)
	1289 / 1352
	55.0 / 55.8
	173.5 / 160.3
	29.3 / 30.3
	0.98 / 0.85
	
	
	
	NA

	InterAct – Subcohort (EA)
	1644 / 3085
	51.5 / 51.7
	174.0 / 161.4
	26.4 / 25.5
	0.93 / 0.80
	
	
	
	NA

	MHI (EA)
	5629 / 3956
	64.4 / 62.8
	172.4 / 159.2
	28.9 / 28.0
	0.98 / 0.87
	
	
	
	NA

	PICOS (EA)
	0 / 582
	NA / 32.1
	NA / 165.0
	NA / 28.0
	NA / 0.80
	
	
	
	NA

	PIVUS – men (EA)
	487 / 0
	70.1 / NA
	175.9 / NA
	27.0 / NA
	0.94 / NA
	
	
	
	NA

	PIVUS – women (EA)
	0 / 474
	NA / 70.3
	NA / 162.3
	NA / 27.1
	NA / 0.86
	
	
	
	NA

	ULSAM
	1102 / 0
	71.0 / NA
	174.9 / NA
	26.2 / NA
	0.94 / NA
	
	
	
	NA

	RISC (EA)
	156 / 157
	44.7 / 45.8
	178.5 / 164.9
	26.0 / 25.2
	0.93 / 0.82
	
	
	
	NA

	WHI (EA)
	0 / 22125
	NA / 66.2
	NA / 161.5
	NA / 28.3
	NA / 0.82
	
	
	
	NA




Table S2. Number and frequency of predicted gene knockouts (KOs) in 1,785 African Americans and 2,896 European Americans from the NHLBI Exome Sequence Project (ESP). In comparison with Table 1, we consider in this loss-of-function (LoF) variant analysis autosomal nonsense, stop-loss and splice site variants, but excluded frameshift insertion-deletions (indels). Rare LoF variants have a minor allele frequency <5%. In the absence of phasing information, we assume that rare LoF are inherited in trans. As we can see, considering phased genotype information significantly impacts the number of gene KOs that we can detect due to compound heterozygosity.

	
	
	
	
	NOT PHASED
	PHASED

	
	
	Variants
/individuals
	Variants
/gene
	KO Events
/Individuals
	Number of KO Genes
	KO Events
/Individuals
	Number of KO Genes

	African-Americans
	All LoF (N=8,802)
	112.4
	0.45
	12.9
	497
	12.3
	474

	
	Homozygotes
	
	
	11.6
	447
	11.6
	447

	
	Compound heterozygotes
	
	
	1.32
	156
	0.71
	112

	
	Rare LoF (N=8,505)
	25.7
	0.43
	0.41
	275
	0.29
	255

	
	Homozygotes
	
	
	0.24
	230
	0.24
	230

	
	Compound heterozygotes
	
	
	0.17
	70
	0.05
	47

	European-Americans
	All LoF (N=11,687)
	92.1
	0.60
	12.0
	342
	11.7
	328

	
	Homozygotes
	
	
	11.1
	317
	11.1
	317

	
	Compound heterozygotes
	
	
	0.89
	103
	0.59
	74

	
	Rare LoF (N=11,437)
	15.5
	0.58
	0.15
	171
	0.14
	158

	
	Homozygotes
	
	
	0.13
	151
	0.13
	151

	
	Compound heterozygotes
	
	
	0.03
	37
	0.01
	20





Table S3. Gene KO association results with anthropometric trait in ESP WES and MHI Biobank WGS datasets. 
This table is available in a separate Excel file.


Table S4. Gene KO association results with anthropometric trait using exome array data from studies involved in the GIANT Consortium.
This table is available in a separate Excel file.


Figure S1. Comparison of association P-values using different variant annotations in the ESP dataset for (A) BMI, (B) height, and (C) WHR. On the x-axis, the analysis was performed on variants that fell within validated Refseq genes (release 69) annotated as a frameshift indel, as creating or removing a stop codon (nonsense or stop-loss), or disturbing an essential splice-site. These results are equivalent to the analyses reported in Figure 3 (A-C) of the main manuscript. On the y-axis, variants were chosen to fall within GENCODE basic transcripts (GENCODE version 19), and annotated as having a high impact using the ENSEMBL variant effect predictor tool. Only those predicted as high confidence by the Loss-Of-Function Transcript Effect Estimator (LOFTEE) plugin were kept. In all cases, we observed high correlation between P-values generated using both annotations (BMI r2=0.929, P<2x10-16; Height r2=0.930, P<2x10-16; WHR r2=0.931, P<2x10-16). No genes reached statistical significance using the GENCODE annotation.
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Figure S2. Number of predicted knockout (KO) genes per NHLBI Exome Sequence Project participant. We present distributions in African Americans (A and B) and European Americans (C and D) separately. For these analyses, we did not include frameshift indels. We include common and rare loss-of-function (LoF: nonsense, stop-loss, splice site) variants in A and C, whereas only rare LoF variants (minor allele frequency <5%) are included in B and D. Homo.: gene KO due to homozygosity; Comp. het.: gene KO due to compound heterozygosity; Both: genes with homozygous and compound heterozygous LoF variants.
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Figure S3. Frequency of KO events in the ESP and GIANT datasets. Frequency of KOs in individuals of African ancestry are shown for the ESP (A) and GIANT (B) datasets. Frequency of KOs in individuals of European ancestry are shown for the ESP (C) and GIANT (D) datasets. As we can see in Europe-ancestry individuals from the GIANT studies, increasing the sample size mostly increases singletons, that is genes that are KO in a single individual. N: number of individuals.
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Figure S4. Calibration of our statistical method using the NHLBI Exome Sequence Project (ESP) dataset. We present quantile-quantile (QQ) plots of associations between predicted KO genes in African Americans (A) and European Americans (B), and 100 randomly generated quantitative phenotypes (mean=0, standard deviation (SD)=1). For each simulation, we ranked P-values and calculated the mean of each rank across simulations. The dots represent this mean, whereas the dotted lines are mean ± 1 SD. We also calculated the mean GC ± SD. As expected, the genomic inflation factor (λGC) is ~1.
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Figure S5. Quantile-quantile (QQ) plots of association results between predicted gene knockouts (KOs) and anthropometric traits restricted to 30 phenotype categories from the Mouse Genome Informatics (MGI) database in the (A-C) NHLBI Exome Sequence Project (ESP) and (D-F) GIANT ExomeChip datasets. We analyzed three anthropometric traits: (A) BMI (Nparticipants=4,475), (B) height (Nparticipants=4,423), and (C) WHR (Nparticipants=2,973). We analyzed the same traits in the GIANT dataset: (D) BMI (Nparticipants=103,838), (E) height (Nparticipants=102,775), and (F) WHR (Nparticipants=62,355). Results are not corrected for the genomic inflation factor. The dash lines correspond to the 95% confidence interval. λGC, genomic inflation factor; Ngene, number of genes with at least one participant that carries two LoF alleles.  

[image: ]
Figure S6. Comparison of association P-values using different variant annotations in the ESP dataset for (A) BMI, (B) height, and (C) WHR. On the x-axis, the analysis includes all KO events (compound heterozygotes and homozygotes). On the y-axis, compound heterozygotes were excluded. These results are equivalent to the analyses reported in Figure 3 (A-C) of the main text. In all cases, we observed high correlation between P-values generated using both annotations (BMI r2= 0.944, P<2x10-16; Height r2=0.943, P<2x10-16; WHR r2=0.942, P<2x10-16).
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