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Genetic Data Analysis and Mathematical Modelling 
 

Research objectives 

Most cells in an organism have the same genetic information encapsulated 
in their DNA. However, in recent years it is becoming increasingly clear 
that changes in the environment cannot only influence gene expression 
but also affect the stability of the genome. Environmental signals, in 
addition to the direct influence on growth, can also cause phenotypic 
changes that can be transmitted to the progeny, sometimes remaining 
stable for several generations. Surprisingly, these phenomena are not 
associated with changes in DNA sequence but are due to modification of a 
complex layer of epigenetic information that involves DNA methylation, 
chromatin modifications and non-coding small RNAs. 
 
Using Next-Generation Sequencing technologies coupled to computational 
analysis we have generated the first dynamic genome-wide map of the 
environmental epigenome of plants. Using this approach we have 
uncovered evidence of a striking, previously undiscovered interaction 
between small RNAs and multiple regulatory modules. However, we 
remain ignorant of the fundamental principles that control these 
regulatory networks. 
 
The aim of this project is- to develop novel theories to model epigenetic 
regulatory networks on a molecular level, using the latest mathematical 
models available. As a preparatory step to isolate regulatory modules we 
like to use statistical analysis of genome wide perturbation screening 
triggered by environmental stresses. 
 

Why is it interesting? 

This is a novel approach in two aspects. First there is the current data 
explosion in biology triggered by high-throughput methods. This is 
extremely important as it allows for the first time to understand whole 
genome wide responses to environmental changes, etc. On the other hand 
there is the need to understand regulation on a finer level, i.e. on the 
molecular level in order to understand regulatory time-scales. 
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Prospective deliverables. 

- Statistical analysis of high-throughput data. 

- Markov chain based mathematical models of genetic regulation 
including regulation by microRNA. 

 

Who should benefit from this research? 

- Complex systems scientists 

- Biologists, mostly geneticists. 

 

Outline of avenues for a follow-up PhD project. 

This mini-project is perfectly suited for a full PhD research project, although the 
student will need a good background in maths/computation. A successful project will 
provide novel concepts in gene regulatory networks. We will use the statistical 
analysis of high throughput data to isolate genetic modules, and then subsequently 
model them mechanistically, with the methods described in [1] and [2]. We will 
introduce regulation by microRNA as another theoretically mostly yet unexplored 
level of regulatory fine tuning. 
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