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Overview

● Bioinformatics course in Prague and Athen
● Poster presentation in Leiden/Netherlands



  

● European research project
● Organizes introductory courses for geneticists

– NGS Course; next-generation sequencing in a 
diagnostic setting

● Topic, next generation sequencing in 
diagnostics

● I was asked to give a 45 minute course + 
practicals



  

NGS Course; next-generation sequencing in a 
diagnostic setting

● 2 courses have been held
– 2014 Athens, 42 participants

– 2015 Prague, 148 participants
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Sequence alignment vs assembly

Two ways to extract information from DNA 
sequencing data.

● Data generation
● Genome reconstruction
● Variant detection



  

NGS data generation



  

NGS data generation



  

Genome reconstruction

● The problem:
– Billions of short reads of unknown origin

– Human genome consists of 3 billion bases (ACTG)



  

Raw data

● The reads contain errors
– Base replacements

– Bases deleted or new ones inserted

● Standardized sequencer output:



  

Variants
● SNV

● Indel



  

Genome reconstruction

● Two possible approaches:
– Sequence assembly

– Sequence mapping

● Sequence assembly requires no prior 
knowledge, uses synergies between reads

● Sequence alignment uses known information 
about the sample to recreate the genome



  

Sequence assembly

● Construct assembly graph from overlapping 
reads 

● Simplify assembly graph



  

Sequence assembly

● Problem: repeated regions



  

Sequence assembly



  

Human genome project

● Human Genome project
– Produced the first „complete“ human genome

● Human genome reference consortium
– Constantly improves the reference

● GRCh38  released at the end of 2013 



  

Sequence alignment
● Naive approach:

– Evaluate every location on the reference

● Too slow for billions of reads on a big reference



  

Sequence alignment

● Speed up with the creation of a reference index

● Fast lookup table for subsequences in reference



  

Sequence alignment

● Find all possible alignment positions
– Called seeds

● Evaluate every seed



  

Result

● Final result, an alignment file (BAM)



  

Variant calling

● Alingment based variant calling
– Compare to reference, list differences



  

Variant calling

● Assembly based variant calling
– One possibility, compare de Bruijn graphs



  

Variant calling

● Hybrid method
– Start with alignment, improve with local assembly



  

Future

● Sequence assembly will replace sequence 
alignment

● Sequence assembly recreates the original 
genome, in contrast to alignment

● Current sequencing technologies are not yet 
ready for it, but will soon 



  

13th International Symposium on Mutation in the 
Genome: detection, genome sequencing & interpretation

● Technology - sequencing
● Technology - variant detection
● Technology - smaller, faster, cheaper
● From variant to function (or Functional analysis)
● Genome projects
● Diagnostics
● Knowledge from sharing
● Applications 
● Bioinformatics - Variant Effect Prediction
● Databases and knowledge resources
● & more...



  

Leiden



  

Variant calling

● Poster presentation
– Faster variant calling

– Improved annotations

– Interactive variant filtering



  

Current variant calling

● Varscan 2 performance
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Current variant calling

● Varscan 2 architecture



  

Variant calling architecture

● Stream based approach



  

Benchmarks



  

Benchmarks
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Conclusion

● Informatics are an essential part of modern 
genetics

● The requirements of genetics push informatics 
to its limits, in terms of algorithms and 
infrastructure

● There are many opportunities for a computer 
scientist to have a meaningful impact on the 
field



  

Questions?


