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Preface

 The work described in this thesis is focused on the challenges and the 
promises of completely phased diploid genomes. Here I describe attractive solutions 
to this complex problem using single cell strand sequencing (Strand-seq). My first 
aim was to develop a robust computational framework for the assembly of accurate 
and global haplotypes from single cell Strand-seq libraries. My next objective was 
to validate my phasing approach in comparison to gold-standard haplotypes obtained 
from the HapMap project as well as to demonstrate the applicability of Strand-seq 
phasing. Lastly, I investigated integrative phasing, a combination of Strand-seq with 
parallel sequencing technologies, to reduce the costs and increase the completeness 
of haplotype resolved genomes.

 A general introduction is provided in Chapter 1 which represents a 
comprehensive summary of current and past haplotyping techniques. I highlight 
the importance of haplotype information in basic and clinical research. I emphasize 
emerging technologies like single cell sequencing, linked-read sequencing as well as 
long-read technologies and outline their capabilities to provide haplotype-resolved 
genomes. 

 Strand-seq is a unique single cell sequencing technique with a wide range 
of applications. However, the computational tools required to interpret Strand-seq 
data are still in their infancy. In Chapter 2 I describe the development of novel 
bioinformatics pipelines capable of handling subtle nuances of Strand-seq data. 
Specifically, I describe and discuss the development of tools for the mapping of 
breakpoints and haplotype phasing using Strand-seq data.

 The validation of these tools is presented in Chapter 3. For this purpose 
we have chosen a well-known family trio from the HapMap project as well as 
other independent data sources like PacBio RNA-seq and other single cells phasing 
method. This work revealed high accuracy of Strand-seq phasing which was further 
highlighted in comparison to de novo assembly based phasing.

 In Chapter 4 I describe the application of genome-wide haplotyping using 
Strand-seq to map meiotic recombination events in a family trio as well as haplotype 
differences at the single cell level. Furthermore, I demonstrate the phasing of larger 



genetic variants like deletions, duplications and inversions.

 In order to reduce the cost and labor need to phase the genome of a single 
individual I have explored the possibilities to integrate global phasing provided by 
Strand-seq with other sequencing technologies like PacBio or Illumina. In Chapter 5 
I present such integrative phasing approach combining global Strand-seq haplotypes 
with local haplotypes embedded in sequenced DNA fragments.

 Chapter 6 provides a summary of the results presented in this thesis, along 
with general discussion on major implications of these results to the scientific 
community. I further discuss directions and recommendations to achieve de novo 
assembled and phased individual genomes. Future perspectives, and work ahead is 
discussed as well.
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