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• Slides with a red X over the entire slide may not be used in any circumstances.
• Slides with a blue slash (embargoed) may not be used unless the embargo is explicitly lifted.
• Slides without slash or X may be tweeted unless flagged with the “No tweet” icon.
• CAGI participants using these slides must explain the “No tweet” icon, which means that the slide content should not be 

disseminated outside the presenting conference hall. If the presentation venue permits pervasive tweeting, you may not 
include these slides in your talk.

• Note for slide authors: we expect all CAGI participants to abide by these restrictions and will make best effort to ensure they 
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I agree to my slides being used according to the following terms:
__Doug Speed__
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Please can I borrow five minutes from my next talk :)

(I checked with Ryan)
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My Software is Called LDAK

doug@qgg.au.dk www.dougspeed.com/cagi 7th December 2025



My Software is Called LDAK

From 2012-2020, I focused on estimating SNP heritability

started with LDAK, a more accurate version of GCTA

then added SumHer, a more accurate version of LDSC

In 2021 added MegaPRS (currently working on MegaPRS2)

In 2024 added LDAK-KVIK

a tool for mixed-model association testing

can analyze quantitative and binary traits

copes with relatedness, structure and biobank-sized datasets

LDAK-KVIK has power of BOLT-LMM, but speed of REGENIE
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My Software is Called LDAK
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MegaPRS (Original Version)

PRS take the form P = X1β1 + X2β2 + . . .+ Xmβm

where Xj contains genotypes for SNP j and βj is its effect size

There are tens of different PRS tools

mainly differ based on prior distributions for βj

The fundamental flaw of most PRS tools

is that their priors assume that all SNPs are equally important

I refer to this as assuming the “Uniform Heritability Model”

(each SNP expected to contribute equal heritability)
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MegaPRS (Original Version)

E.g., here are priors used by major PRS tools (in 2021)

−4 −2 0 2 4 −4 −2 0 2 4 −4 −2 0 2 4 −4 −2 0 2 4

lassosum SBLUP LDpred SBayesR

Each tool assumes all SNPs are expected to contribute equal heritability

i.e., that E[h2j ] = E[β2
j ] is constant

This is sub-optimal, because we know that E[h2j ] varies across genome

e.g., real data shows E[h2j ] correlates with minor allele frequency

doug@qgg.au.dk www.dougspeed.com/cagi 7th December 2025



MegaPRS (Original Version)

MegaPRS contains new versions of lassosum, SBLUP, LDpred, SBayesR

that allow the user to specify the heritability model

We recommended using the MegaPRS version of SBayesR

and assuming the BLD-LDAK heritability model

Demonstrated MegaPRS using data from UK Biobank

considered 225 phenotypes (mixture of quantitative and binary)

average sample size was 280 000 individuals
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MegaPRS (Original Version)

MegaPRS outperformed all existing tools for 223 out of 225 phenotypes

average increase in R2 was 14%

equivalent to increasing sample size by one quarter
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MegaPRS (Original Version)

I have described this as the “Third Major Advance” in PRS Accuracy

  Improvements in Accuracy (R2)

Classical PRS
Single-SNP model

BLUP + Uniform Model
Multi-SNP, infinitesimal model

Bolt-LMM + Uniform Model
Multi-SNP, mixture model

Bolt-LMM + BLD-LDAK Model
Multi-SNP, mixture model

+ 17 %

+ 16 %

+ 14 %

The improvement from using better a heritability model was

similar to switching from Classical PRS to advanced tools

or to switching from basic priors to mixture priors
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New MegaPRS

New MegaPRS can analyze results from multiple GWAS

(whereas Original MegaPRS only uses results from one GWAS)

The GWAS results can be from different traits †
therefore, can include results for highly-correlated traits

The GWAS results can be from different ancestries †
therefore, can include results from multi-ancestry GWAS

The extra methodology is very similar to that used by MTAG

weights secondary traits based on correlation with target trait

† MTBLUP (PRS-CSx) also allow for multiple traits (ancestries)
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Advantage 1 - Constructing PRS for Diseases

It is generally hard to construct accurate disease PRS

because diseases are binary and tend to have low heritability

Can improve accuracy by adding in GWAS results for correlated traits

ideally these additional traits should be easier to predict

(i.e., be quantitative and have high heritability)

E.g., for obesity, can use information from BMI

while for diabetes, can use information from glucose
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Advantage 2 - PRS for Under-Represented Ancestries

PRS typically perform much worse for African and Asian datasets

reflecting that most GWAS use European individuals

However, we observe high genetic correlations across ancestries

so it should be possible to borrow information across ancestries

(although note that correlations tend to be lower for diseases)
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Running New MegaPRS

Requires GWAS results - these are generally provided by the user

but LDAK website provides results for 51 quantitative traits

that can be “directly plugged” into MegaPRS

(MegaPRS will decide which to use)
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Running New MegaPRS

Require reference panel or LD-matrix for each ancestry considered

LDAK website provides matrices for AFR, AMR, EUR, EAS and SAS
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CAGI PRS Challenge - Helped by Jasper Hof

I started with legacy GWAS results (those provided by CAGI)

then searched for other GWAS

Main sources of GWAS results

Million Veterans Program (MVP) - EUR GWAS have n ≈ 400 k

FinnGen (FG) - have n ≈ 450 k

UK Biobank (UKBB) - have n ≈ 370 k

Biobank Japan (BJ) - have n ≈ 80 k

Note that MVP, FG and UKBB are population biobanks

(so diseases have low prevalences, and not carefully defined)
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CAGI PRS Challenge - Helped by Jasper Hof

Breast Cancer - legacy GWAS has 120 k cases, newer version has 136 k

added in FG (24 k), UKBB (17 k) and BJ (6 k)

Coronary Artery - legacy GWAS has 66 k cases, newer version has 190 k †
added in MVP (124 k), FG (63 k), BJ (32 k)

IBD - legacy GWAS have 12 k or 25 k cases

added in MVP (8 k), FG (11 k), UKBB (7 k)

Type 2 Diabetes - legacy GWAS has 27 k cases, newer version has 242 k †
added in Glycated Haemoglobin (HbA1c) from UKBB (n = 340 k)

† GWAS were meta-analyses that included MGB (test dataset)
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CAGI PRS Challenge - Helped by Jasper Hof

I’m giving a presentation because MegaPRS performed well

Would be interesting to know how much this is due to methods

how much due to increased sample size

and how much due to cheating

(I guess mainly the latter)
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Final Slide

Thanks to Jasper Hof who helped test the CAGI models

Funding from:

Independent Reseach Fund Denmark

EU Horizon 2020

Aarhus University Research Foundation

Lundbeck Foundation www.ldak.org

If you are interested in visiting my group in Aarhus, please contact me
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