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Estonian Genome Center through data release procedures described at hitps://wwiw.geenivaramu.ee/en/biobank.ee/data-access.
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Data collection UK Biobank data were downloaded from repository under application number 12514, Quality control was performed using the PLINK
v1.90b3.41 software. Ancestry assignment and relatedness assignment was performed using principal component projection in GCTA
(v1.90.0beta). Principal components used for covariate adjustment for summary statistics generation were calculated using flashPCA
version 2. Other data set QC had been previously performed in other work with the QC parameters described in the Materials and
Methods data section. PLINK v1.90b3.41 and GCTA (v1.90.0beta) were the primary software used to process these data.

Data analysis Acustom implementation of the methods described in the manuscript was performed in the GCTB (version 2) software available at
http://cnsgenomics.com/software/gctb/#Overview and at source code at GitHub (https://github.com/jianzeng/GCTB). Methods used
for prediction comparison include: individual data BayesR in software bayesRv2 (https://github.com/syntheke/bayesR); LDpred
download and installed from https://github.com/bvilhjal/Idpred; SBLUP performed in GCTA software (version 1.91.4 beta3); clumping
and variant thresholding performed in PLINK v1.90b3.41; Regression with Summary Statistics downloaded and installed from https://
github.com/stephenslabyrss. For heritability comparison the following: LD score regression downloaded and installed from https://
github.com/bulik/ldsc and HE regression performed in GCTA software (version 1.91.4 beta3). Processing of results and figure generation
was performed using the R programming language.

For manuscripts utiizing custom algorithms or software that are central to the research but not yet described in publisned lterature, software must be made available to editors/reviewers.

We strongly encourage cade deposition in a community repository (e.g. GitHub). See the Nature Research guidelines for submitting code & software for further information.

For across biobank prediction, we subsetted the set of 1,094,841 HM3 variants

10 982,074 variants that overlapped with those in both the BMI and height summary statistics sets. To improve method convergence we
removed variants from the Yengo \emphiet al A\citepiyengo_height) summary statistics To improve method convergence we removed
variants from the Yengo \emphiet al \citep{yengo_height} summary statistics

that had a per variant sample size that deviated substantially from the mean of the sample size distribution over

all variants, which was also performed by Pickrell et al. 2014 and recommended by Zhu and Stephens 2017. To minimise the variants
removed, we

interrogated the distributions of per variant sample size in each of the BMI and height summary statistics sets and removed variants in the
lower 2.5th percentile and upper 5th percentile of the per variant sample size distribution for 8MI and in the lower Sth percentile for height
(Figure S6).

This left 932,969 and 909,293 variants with summary information for height and BMI respectively. These sets of variants were also used in
the LDpred and RSS analyses.

Replication The major experimental findings include the validation of the the newly proposed method to be more accurate at polygenic prediction at a
much smaller computational cost. The breadth of scenarios and real data analyses are sufficient, we believe, evidence for reviewers to assess

these conclusions

Randomization  For each of the genome-wide association studies age, sex and 10 principal components were adjusted for. These covariates are standard in
these types of genetic analyses.

8linding Blinding in population data collection is not concern as no treatment is being investigated.
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Population characteristics | All data we access from previous studies that detail the population characteristics. The data and the agreement numbers have
been acknowledged in the manuscript.

Recruitment All data we access from previous studies that detail the data recruitment. The data and the agreement numbers have been
acknowledged in the manuscript

Ethics oversight All data we access from previous studies that detail the ethics oversight, which is mentioned in detail in the data methods
section. The data and the agreement numbers have been acknowledged in the manuscript.

Note that full information on the approval of the study protocol must also be provided in the manuscript.

All studies must disclose on these points even when the disclosure is negative

sample size For the simulation studies a random subset of 100,000 individuals from the 348,580 unrelated European ancestry individuals from the UK
Biobank were chosen. The simulation studies were designed to be a within data comparison between the new proposed method and existing
methods. From experience this sample size is sufficient (more than) to produce accurate predictors. For the cross-validation analyses the full
set of 348,580 unrelated European ancestry individuals from the UKB were used for summary statistics generation. This sample size was
chosen to observe the maximum prediction accuracy that could be achieved using unrelated individuals in the UKB data set. In the across
Biobank prediction analyses the full set of 456,426 UKB European ancestry individuals from the UKB were used. For out of sample prediction,
the HRS data set consisted of 8,552 unrelated individuals, which was the maximum number available. For the Estonian Biobank 32,594
individuals genotyped on the Global Screening Array were used, which was the maximum available at the time of analysis

Data exclusions | The UKB data contains genotypes for 488,377 individuals (including related individuals) that passed sample quality control (99.9\% of total
samples). A subset of 456,426 European ancestry individuals was selected using the protocol described in Yengo et al. 2018. To exclude
related individuals, a genomic relationship matrix (GRM) was constructed
with 1,123,943 HapMap3 variants further filtered for minor allele frequency (MAF) > 0.01, pHWE < 10-6 and missingness < 0.05 in the
European subset, resulting in a final set of 348,580 unrelated (absolute GRM off-diagonal < 0.05) Europeans. Variant quality control included:
removal of multi-allelic variants, SNPs with imputation info score < 0.3, retained SNPs with hard-call genotypes with > 0.9 probability,
removed variants with minor allele count (MAC) < 5, Hardy-Weinberg p-value (pHWE) < 104(-5} and removed variants with missingness >
0,05, which resulted in 46,500,935 SNPs for the 456,426 individuals.

The ARIC+GENEVA data consisted of 12,942 unrelated individuals determined by an absolute GRM off-diagonal relatedness cutoff of < 0.05
After imputation to the

Phase 3 of the 1000 Genomes Project (1000G), 1,182,558 HM3 SNPs (MAF > 0.01) were selected and available for analysis after quality
control.

Whole-genome sequencing data from the 1000G project was used for LD matrix reference calculation. These data were subsetted to a set of
397 individuals with

European ancestry to be consistent with the LD reference used in Zhu and Stephens 2017. Whole-genome sequencing data from the UK10K
project was also used for analysis. The UK10K contains 17.6 million genetic variants (excluding singletons and doubletons) in 3,642 unrelated
individuals after quality control,

which was performed as per Yang et al. 2015,

We used genotypes imputed to the 1000G reference panel and phenotypes from 8,552 unrelated (absolute GRM off-diagonal < 0.05)
participants of the Health and Retirement Study (HRS). After imputation and restricting variants with an imputation quality score >0.3, MAF
>0.012nd a pHWE >104(-6) there were 24,777,992 SNPs available for prediction. The Estonian Biobank s a cohort study of over 50,000
individuals over 18 years of age with phenotypic and genotypic data. For the prediction analysis we used data from 32,594 individuals
genotyped on the Global Screening Array. These data were imputed to the Estonian reference \citep{mitt2017improved}, created from the
whole genome sequence data of 2,244 participants. Markers with imputation quality score > 0.3 were selected leaving a total of 11,130,313
SNPs for prediction.

For simulation and cross validation, the 1,094,841 variant subset was formed from the 1,365,446 HM3 SNPs further filtered on
MAF$>0.018, strand ambiguous SNPs, removal of long-range LD regions (defined in Bycroft et al. 2018

Table $13 and includes the MHO), which increased model sabilty across a lrge set o phenotypes, and overlapped with the 10006
genetic from 1. The 1000G genetic map is required for use in the LD
matrix shrinkage estimator. To investigate the capacity of SBayesR to perform analyses at large

scale, we generated a pruned set (R2>0.99) of 2,865,810 common (MAF > 0.01) variants

that were of good quality in the UKB, overlapped with previous large scale GWAS and

were present in the 1000G genetic map




