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Abstract: Understanding the impact of genomic variations and epigenomic modifications is im-
portant for discovering the mechanism of complex diseases. Over the last two decades, thousands of
genome-wide association studies (GWASs) and epigenome-wide association studies (EWASs) have
identified tens of thousands of disease-susceptibility loci that are associated with certain diseases.
In addition to the association studies, many machine learning approaches have been applied to
predict the pathogenicity of genetic variants and epigenetic modification. For example, logistic
regression was used in CADD that prioritized functional, deleterious, and pathogenic variants.
Random forests were used in GWAVA to distinguish disease-implicated variants from benign vari-
ants. A hybrid two-stage model with support vector machine, random forests, logistic regression,
the Lasso and elastic net was used in BioMM to identify epigenetic signatures of schizophrenia.
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In my thesis, I proposed several machine learning predictive models with different focuses on ge-
nomic and epigenomic variants annotations, which includes 1) EWASplus, an ensemble learning
based framework for the risk prediction of DNA methylation loci associated with Alzheimer’s Dis-
ease, 2) CASAVA (Disease Category-specific Annotation of Variants), a disease category risk an-
notation for whole genome wide SNPs (single nucleotide polymorphism), 3) DRAFT (Disease Risk
Annotation with Few shoTs learning), an end-to-end deep learning based approach that incorpo-
rates contrastive learning to tackle the lack of risk variants that hinder the application of traditional
deep learning models to this research field. The raw training data is obtained from the ENCODE
and the REMC projects and processed with our own pipeline.
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