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ABSTRACT 
Deep generative models have shown extraordinary performance in a diverse range of applications over recent years. However, despite the empirical 
success of deep generative models, there still exist challenges in learning complex data distributions and providing theoretical justification of these 
methods. Besides deep generative learning, another important task in data science is to use machine learning methods to model and analyze data in 
cross-discipline fields. One prominent example is spatial transcriptomics (ST) data, which characterize the transcriptomic landscape on biological 
tissue samples. Although many efforts have been made to analyze ST data, unique challenges exist in building effective models to leverage rich 
information shared across a collection of sample slices and additional information such as single-cell transcriptomics data to decipher biological 
structures.  
 
In this thesis, we propose two deep learning approaches to address challenges in generative learning and spatial transcriptomics data analysis, 
respectively. To address challenges in generative learning of complex distributions, we propose to learn a generative model with a Schrödinger Bridge. 
We characterize the generative learning task as stochastic differential equations with time-varying drift terms, and derive our Schrödinger Bridge 
algorithm by plugging the drift term estimated by a deep neural networks. Under some mild assumptions, we establish the consistency of our approach. 
Experimental results indicate that the generative model via Schrödinger Bridge is comparable with state-of-the-art generative models, suggesting a 
new formulation of generative learning. To overcome the difficulties in ST data analysis, we present STitch3D, a unified deep learning-based 
framework that integrates multiple 2D tissue slices to reconstruct 3D cellular structures from the tissue level to the whole organism level. By jointly 
modeling multiple 2D tissue slices and integrating them with cell-type-specific expression profiles derived from single-cell RNA-sequencing data, 
STitch3D simultaneously identifies 3D spatial regions with coherent gene expression levels and reveals 3D distributions of cell types. Through 
comprehensive experiments using diverse datasets, we demonstrate the performance of STitch3D in building comprehensive 3D tissue architectures. 
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