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            Abstract
SNP-heritability is a fundamental quantity in the study of complex traits. Recent studies have shown that existing methods to estimate genome-wide SNP-heritability can yield biases when their assumptions are violated. While various approaches have been proposed to account for frequency- and linkage disequilibrium (LD)-dependent genetic architectures, it remains unclear which estimates reported in the literature are reliable. Here we show that genome-wide SNP-heritability can be accurately estimated from biobank-scale data irrespective of genetic architecture, without specifying a heritability model or partitioning SNPs by allele frequency and/or LD. We show analytically and through extensive simulations starting from real genotypes (UK Biobank, Nâ€‰=â€‰337â€‰K) that, unlike existing methods, our closed-form estimator is robust across a wide range of architectures. We provide estimates of SNP-heritability for 22 complex traits in the UK Biobank and show that, consistent with our results in simulations, existing biobank-scale methods yield estimates up to 30% different from our theoretically-justified approach.
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                    Fig. 1: Simulations under 64 distinct MAF/LD-dependent architectures (Nâ€‰=â€‰337,205).[image: ]


Fig. 2: Comparison of \(\hat h_{{\mathrm{GRE}}}^2\) with LDSC, S-LDSC (MAF) and SumHer in genome-wide simulations (Nâ€‰=â€‰337,205, Mâ€‰=â€‰593,300).[image: ]


Fig. 3: Comparison of \(\hat h_{{\mathrm{GRE}}}^2\) with GREML, BOLT-REML, GREML-LDMS-I and LDAK in small-scale simulations (Nâ€‰=â€‰8,430, Mâ€‰=â€‰14,821 SNPs).[image: ]


Fig. 4: Percentage difference of \(h_g^2\) estimates from LDSC (in-sample), S-LDSC (baseline-LD/in-sample) and SumHer (in-sample) with respect to \(\hat h_{{\mathrm{GRE}}}^2\) for 18 complex traits and diseases in the UK Biobank for which \(\hat h_{{\mathrm{GRE}}}^2 > 0.05\) (Nâ€‰=â€‰290,641 unrelated British individuals, Mâ€‰=â€‰459,792ï»¿ typed SNPs; Methods).[image: ]
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                Data availability

              
              The baseline-LD annotations used in Fig. 4 are available at https://data.broadinstitute.org/alkesgroup/LDSCORE/. All individual-level genotypes and phenotypes were obtained from the UK Biobank (https://www.ukbiobank.ac.uk); we do not have permission to release this data. The 1000 Genomes Phase 3 reference panel can be downloaded at http://www.internationalgenome.org/data.
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