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Extended Data Fig. 8 | Associations between FROH and clinical traits are 
largely consistent in individuals who are self-reported offspring of first 
cousin parents as confirmed by autozygosity. Association results binned 
into all Individuals or highly autozygous individuals (FROH > 0.03) with self- 
reported first cousin parents for (A) quantitative phenotypes and (B) binary 
outcomes. All analyses included age, age-squared, gender, sequencing 
platform, and the first 10 genetic PCs as covariates. Results are shown for any 
phenotype that was nominally significant (p < 0.05) in the main analysis. Effect 

sizes for quantitative phenotypes are reported in standard deviations of  
the normalized trait per FROH of 0.0625. Binary outcomes were analyzed with 
logistic regression, and effect sizes are reported as odds ratios per FROH of 
0.0625. Bars show 95% confidence intervals. Exact p-values and sample  
sizes are presented in Supplementary Table 5 (quantitative traits) and 
Supplementary Table 6 (binary outcomes). BMI, body mass index; LDL-C, low 
density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; 
BP, blood pressure; AST, aspartate aminotransferase.



Extended Data Fig. 9 | A subset of associations between FROH and clinical 
traits differs across ages. Main association results compared to age-stratified 
results for (A) quantitative phenotypes and (B) binary outcomes. All analyses 
included age, age-squared, gender, sequencing platform, and the first 10 genetic 
PCs as covariates. Results are shown for any phenotype that was nominally 
significant (p < 0.05) in the main analysis. Effect sizes for quantitative phenotypes 
are reported in standard deviations of the normalized trait per FROH of 0.0625. 

Binary outcomes were analyzed with logistic regression, and effect sizes are 
reported as odds ratios per FROH of 0.0625. Bars show 95% confidence intervals. 
Exact p-values and sample sizes are presented in Supplementary Table 5 
(quantitative traits) and Supplementary Table 6 (binary outcomes). BMI, body 
mass index; LDL-C, low density lipoprotein cholesterol; HDL-C, high density 
lipoprotein cholesterol; BP, blood pressure; AST, aspartate aminotransferase.
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Extended Data Fig. 10 | homLoF discovery potential varies across ethnic 
groups in PGR. (A) The distribution of the number of homLoF genes per 
individual in PGR. (B) The distribution of the number of individuals with 
homLoF variants per gene in PGR. (C) The number of sequenced samples per 
homLoF variant observed in PGR self-reported ethnic groups. (D) The number 
of genes with at least one homLoF-carrying individual in PGR ethnic groups.  
(E) The number of genes for which a homLoF carrier was found in only one  
PGR ethnic group. (F) The number of genes with at least one homLoF carrier 

observed for each PGR ethnic group, compared to the average number of  
genes with at least one homLoF carrier found in the remaining PGR participants 
when subsampled to an equivalent sample size. Bars show mean number of 
genes with at least one homLoF carrier +/- standard deviation across 10,000 
subsamples. Ethnicity sample sizes: Punjabi=78,459; Urdu=27,306; Sindhi=12,997; 
Pathan=12,088; Balochi=4,303; Saraiki=3,650; Kashmiri=1,565; Memon=1,111; 
Gujrati=586, Hindko=441, Hazarawal=278; Other/Unknown=30,518.



Extended Data Fig. 11 | A recall-by-genotype study confirms a renal 
phenotype in LRRK2 homLoF carriers. Recall-by-genotype study results in a 
family with a heterozygous proband for the LRRK2 pLoF variant, c.1418+1 G > T. 
(A) Representative Sanger sequencing traces showing zygosity of LRRK2 
c.1418+1 G > T (left) and partially redacted pedigree (right). (B) Estimated 

glomerular filtration rate (eGFR) for each family member by c.1418+1 G > T 
zygosity. Boxes show the median eGFR and interquartile range (IQR). Whiskers 
represent 1.5 * the IQR. HomRR, homozygous reference (n = 7 participants); 
HetRA, heterozygous alternate (n = 6 particpants); HomAA, homozygous 
alternate (n = 1 participant).
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Extended Data Fig. 12 | RXFP1 recall-by-genotype study was conducted 
with variants confirmed to be loss-of-function in vitro. In vitro profiling of 
select RXFP1 variants from PGR. (A) Evaluation of RXFP1 protein expression 
from membrane fraction isolated from HEK293 cells transiently transfected 
with the indicated RXFP1 variants. For gel source data, see Supplementary 
Fig. 1. 3 independent experiments were run with equivalent results (B) 
Representative examples of activity assays evaluating functionality of the 
indicated constructs in transiently transfected RXFP1. N = 3 technical 

replicates per tested concentration. Results were successfully replicated 
across 3 independent experiments (C) A summary of maximal activity (Emax)  
of the tested constructs from 4 independent experiments. (D) Schematic 
showing the pLoF variant loci spanning the RXFP1 gene sequence and the 
corresponding Pfam domains (Yellow blocks) from the canonical transcript. 
Variant consequence and allele frequency are represented as a lollipop plot. 
Variants are annotated with cAMP assay response levels and inclusion status in 
the recall study.



Extended Data Fig. 13 | See next page for caption.
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Extended Data Fig. 13 | A recall-by-genotype study shows reduced 
sensitivity of TRPM8 homLoF carriers to cold-induced pain. (A) Partially 
redacted pedigrees and representative Sanger sequencing traces for families 
in which TRPM8 chr2:233996489:G:T (p.Glu1035Ter) homozygotes (top) and 
chr2:233961067:G:A (c.1653+1 G > A) homozygotes (bottom) were identified. 
(B) Threshold of detection of cold-induced pain in cold pressor test. HomRR, 
homozygous reference (n = 66 participants); HetRA, heterozygous reference 
(n = 26 participants); HomAA, homozygous alternative (n = 3 participants).  
(C) Threshold of cold-induced pain tolerance in a cold pressor test. HomRR, 
homozygous reference (n = 72 participants); HetRA, heterozygous reference 
(n = 33 participants); HomAA, homozygous alternative (n = 3 participants).  

(D) BMI. HomRR, homozygous reference (n = 72 participants); HetRA, 
heterozygous reference (n = 34); HomAA, homozygous alternative (n = 3 
participants). (E) Diabetes summary statistics. Cold pain threshold, cold pain 
tolerance, and BMI were inverse normal transformed and then analyzed using 
additive mixed effects models with age and gender as fixed effects and family 
ID as a random effect. Diabetes was analyzed using additive logistic regression 
models with age and gender as covariates. No multiple testing correction  
was applied. Participants belonging to the same family have the same symbol 
color in (B-D). Males are indicated by squares and females are indicated by 
circles (B-D). Boxes in B-D show the median and interquartile range (IQR). 
Whiskers represent 1.5 * the IQR.












