
Bachelor’s Thesis

Institute of Biomedical Informatics

Deep Learning in Bioinformatics for 
assessing the functional impact of single-
nucleotide variants in non-coding regions
Deep learning has transformed biological research in many different aspects [1, 2]. The
increase  in  data  generation  capabilities  of  modern  biological  research  has  further
exacerbated this trend.  One class of deep learning models aims at resolving biological
context  and  annotating  functional  elements  by  sequence  data  alone.  These  include
Google’s Alpha Genome [3], the Nucleotide Transformer [4], EVO2 [5] , GPN-MSA [6] and
more. While earlier efforts have focussed on a single class of regulatory elements, these
modern  approaches  aim  at  predicting  many  different  classes  of  regulatory  elements,
including  splice-sites,  enhancers,  topologically  associated  domains  (TADs)  and
transcription factor binding sites.

The  overall  goal  of  this  thesis  is  to  get  an  overview  of  deep  learning  methods  in
bioinformatics with a focus on methods that have the potential to assess the biological
impact of point mutations outside the coding sequences:

1. Perform a literature survey on deep-learning technologies on genomic data and their 
ability to assess biological context when only given a DNA sequence.

2. Research possible modes of how single-nucleotide variants outside the protein-coding 
regions can have an impact on cellular processes. (e.g. transcription factor binding 
sites, chromatin topology and CTCF sites, splice sites, enhancers, ...)

3. Assess different approaches in the deep learning models above and detail how the 
differences in training and representation/embedding can lead to differences in their 
ability to detect certain classes of variants.

4. Focus on one approach that takes sequence and outputs biological annotations. 
Demonstrate in a single example/notebook how we can get from sequence to 
annotations. 

5. Compile a list of single-nucleotide variants that are outside the noncoding genome 
(from literature, ClinVar [7], dbSNP, …) and show how the biological annotation of the 
sequence changes when assessing both the wildtype and the mutant sequence.

6. Summarize your work in a written thesis.
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