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Abstract:

Machine learning (ML) has revolutionized analytical strategies in almost
all scientific disciplines including human genetics and genomics. A rising
trend in complex trait genetics research is the ML-assisted genome-wide
association study (GWAS), which applies advanced ML techniques to pre-
dict phenotypes that are difficult or expensive to measure (e.g., undiag-
nosed diseases, imaging-derived outcomes, molecular traits in rare tissues),
and then conducts GWAS on these ML-imputed outcomes. However, all
existing approaches for ML-assisted GWAS treat imputed phenotypes as
observed and completely neglect the inherent uncertainty associated with
“black-box” ML algorithms. In this work, we first demonstrate the risk of
pervasive false positive associations in existing ML-assisted GWAS. Using
real data benchmarking, we find that a shocking 81% of the associations in
GWAS of ML-imputed type 2 diabetes fail to replicate in the ground truth
GWAS of type 2 diabetes. We then introduce POP-GWAS, a principled
statistical framework that redesigns ML-assisted GWAS, ensuring valid and
powerful results irrespective of the accuracy of imputation, the choice of ML
algorithm, and variables used for imputation. It is a versatile tool that can
account for binary phenotypes, sample relatedness, and selection bias, mak-
ing it suitable for broad applications. It also only requires GWAS summary
statistics as input and is computationally fast. We provide theoretical guar-
antee that POP-GWAS is the statistically optimal solution to ML-assisted
GWAS. Using POP-GWAS, we performed the largest-to-date GWAS and
rare-variant association analysis on bone mineral density (BMD) derived
from dual-energy X-ray absorptiometry imaging (DXA) at 14 skeletal sites,
achieving a 9.7%-50.7% gain in effective sample size compared to conven-
tional approaches. We identified 89 novel genome-wide significant loci not
previously implicated in BMD GWAS and revealed the skeletal site-specific
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genetic architecture of BMD. In this talk, I will also discuss recent exten-
sions of this framework on rare variant association analysis and beyond
regression-based statistical inference.
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