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Abstract: Nowadays, data are collected on several biological levels, e.g., genomics, transcriptomics,
epigenetics. We focus on the joint analysis or “integration” of these datasets. Challenges for data
integration are high dimensionality, strong correlations, and heterogeneity across omics datasets
(due to differing biological levels and measurement platforms). Several methods address parts of
these challenges and are popular for data integration. However, they do not provide statistical
evidence for a relation between the datasets.

We propose PO2PLS, a probabilistic latent variable framework for the relation between two datasets.
The PO2PLS model includes joint and specific components that are linear combinations of the original
variables. PO2PLS reduces dimensionality, captures correlations and addresses heterogeneity. For
estimation, we develop a memory-efficient EM algorithm, and we show that the estimator is
consistent and asymptotically normal, even for high dimensional data. We propose a “global” test for
the relation and derive its asymptotic distribution.

We evaluate the estimation and testing performance of PO2PLS with simulations. We illustrate the
PO2PLS inference framework with two motivating studies: a population cohort with genetics and
glycomics data, and a case-control cohort on hypertrophic cardiomyopathy with epigenetics and
transcriptomics data. This demonstrates the potential of PO2PLS as a statistical framework in data
integration.
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