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M.Sc. Thesis Proposal: Inference for high-dimensional microbiome regression analysis

Objective and background: Compositional data refers to datasets where observations represent
proportions, such as the distribution of various microbial species across different locations or among
patients. With modern sequencing machines, the number of microbial species exceeds the number
of observations (e.g., patients / locations), leading to high-dimensional settings. Using compositional
data to predict an outcome requires the application of specialized methods, such as the log-contrast
model [1], a constrained regression model, or the penalized counterpart [2].

The primary objective of this thesis is to implement and benchmark the FDR-controlled variable
selection procedure proposed in [3] for sparse log-contrast models and robust extensions thereof [4,
5]. This procedure aims to identify microbial predictors while controlling for false discoveries,
enhancing the reliability of the results.

To accomplish this, the student will first employ a realistic simulation to evaluate the efficacy of the
methods compared to stability-based variable selection techniques [6]. Followed by applying the
developed method to two real-world microbiome datasets:

e Ocean microbiome: Utilize data from the Tara Ocean project [7, 8] to determine groups of
microbes predictive of environmental factors

e Large-scale health-related microbiome data: Analyze data from the American Gut Project
(AGP) [9] to discover reliable microbes predictive of health status

Plan and deliverables: A successful completion of the M.Sc. thesis requires the following
computational and scientific advances:

1. The procedure should be implemented and tested in either Python or R.
2. Implement a reproducible workflow for the simulation study and application part.

A write-up in thesis form and commented reproducible code on GitHub are mandatory deliverables at
the end of the thesis.
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