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RESEARCH AREA

My research centers on systems-biology questions that 
can be addressed using bioinformatics methodologies 
grounded in evolutionary genomics. This includes studying 
and understanding the evolution of pathogenic bacteria 
and the emergence and spread of antibiotic resistance and 
virulence. By analyzing the complete genetic repertoires 
(genomes) of Escherichia coli and other bacteria, I investigate 
how specific genetic elements and environmental factors 
influence evolutionary processes. Using phylogenetic 
methods, I examine the role of horizontal gene transfer in 
the dissemination of genes, and from a systems-biology 
perspective I study how particular pathogens spread across 
time and space.
Today, biological research has access to an astonishing 
amount of publicly available data—on the order of 
petabytes—such as sequenced genomes. However, these 
data are often not organized in ways that allow them to be 
readily converted into biological knowledge. My aim is to 
use bioinformatics tools to derive biologically interpretable 
insights from large datasets (“big data”) and to build 
databases from them that are accessible to everyone. One 
such database is TFLink, which focuses on an aspect of gene 
regulation: transcription factors and their target genes. 
Yet to reveal and understand gene-expression differences 
across specific organs and tissue types, it is essential to 
integrate new, cell-specific sequencing data. To organize 
these, we also enlist large language models—that is, 
artificial intelligence. Using a similar approach, we aim to 
systematize sampling data for hundreds of thousands of 
bacteria as well, thereby creating a unique opportunity for 
efficient, big-data-driven epidemiological research.

TECHNIQUES AVAILABLE IN THE LAB 

Fundamental bioinformatics methods, phylogenetic and 
comparative genomics approaches, the Linux command 
line, the R and Python programming languages, statistical 
procedures, database use and design, and the application 
of machine learning and large language models (LLMs).
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