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Bioinformatics of High-throughput DNA sequencing: From 

read mapping to RNA-seq assembly

New technologies for DNA sequencing are revolutionizing research in many areas of the life sciences. 
Not only is it possible to sequence complete genomes at an unprecedented rate, but also use 
sequencing for genotyping, gene expression analysis (RNA-seq), mapping of protein binding in DNA 
(ChIP-seq), study of ecosystems (meta-genomics), and many other applications. Computational 
methods are needed to analyze the large amounts of data from these experiments. In this talk, 
I will first discuss mapping of DNA reads to a reference genome, which is one of the most common 
first task. Special care must be taken, when dealing with short reads and I will present a mapping 
method that builds on a probabilistic basis rather than ad hoc measures of mapping quality. 
The mapping/alignment problem can be formulated in terms of “pair HMMs” (or automata), and I will 
discuss how this can be used for a generalized mapping of reads, where for instance exon splice sites 
can be included in the model, and how the search can be done efficiently using a Burrows-Wheeler 
transform. Another common task is to assemble short reads from shotgun sequencing into genomes 
or transcripts. I will discuss this problem briefly and present a probabilistic method for transcriptome 
assembly that we have recently developed, and which is better at identifying lowly expressed transcripts 
than competing methods.


