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Calling peaks for the detection of transcription start sites (TSS)

Background:
RNA-seq is a method to reveal and quantify the presence of RNA in a biological sample
using next-generation sequencing (NGS). With time, several variants of RNA-seq have
been established to test more specific hypothesis. In our lab, we used cRNA-seq and
dRNA-seq to identify transcription start sites (TSS) of herpesviruses and their host
cells. Identifying all TSS for various herpesviruses allowed us to annotate previously
unknown viral transcripts and time-series analysis characterized their expression into
the different kinetic classes of viral gene expression. Furthermore, the exact positions
of TSS aid to identify regulatory regions flanking genes.
Both methods used in our lab lead to an enrichment of reads at the 5’-end of transcripts.
By visualizing the number of reads mapping at the different positions in the genome,
the TSS are visible in form of peaks (see Fig. 1). Thus, the problem to identify TSSs can
be reduced to calling bona-fide peaks. Of note, biological data is noisy, and different
peaks can exhibit orders of magnitudes differences in their height. Thus, reducing the
number of false positives while finding as many true TSS can be approached using
machine learning.

Figure 1: Reads are enriched at specific positions corresponding to the 5’-ends of tran-
scripts in both cRNA-seq and dRNA-seq data. The x-axis is the position in the genome.
The y-axis depicts the amount of reads starting at the specific positions.



Goal of the thesis:
In this master thesis you will implement a peak calling algorithm for cRNA-seq and
dRNA-seq data, optimize its performance to find true TSS, and apply it to the avail-
able data sets for various herpesviruses. You will compare your approach to several
peak-calling methods from the literature. The best algorithms will then be added as a
module to an existing program. An additional challenge will be the efficient implemen-
tation of your algorithms so to handle even large input files (>1Gb).

Prerequisites:
Good knowledge of Java and the Linux shell is required. Knowledge about Bioinfor-
matics (NGS data) helps, but is not a requirement.

Start:
The data is readily available and only waits for a motivated student to start right away.
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