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Brief history of DNA sequencing 

- Sanger sequencing method developed in early 1970s by Frederick Sanger 

- First complete genome of a bacteriophage sequenced 

- Late 1980s: first automated Sanger sequencing machines (Applied Biosystems) 

- 1990s: sequencing of small genomes and expressed sequence tags (ESTs) 

- 2001: First draft sequence of the human genome is published, cost about $1 per 

base 

- Mid 2000s: so-called Next Generation Sequencing (NGS) technologies emerge,  

e.g. 454 Life Sciences pyrosequencing, Illumina sequencing-by-synthesis 

- 2008: The1000 Genomes Project is launched (http://www.1000genomes.org/), cost 

approaching $1 per Megabase 

 

 
Problem: NGS produces much shorter reads than Sanger sequencing (50-

400bp compared to >1000bp)  mostly reference-guided analyses 

http://www.1000genomes.org/
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reads from sample 

genome 
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Next Generation Sequencing (NGS) has many 
applications 
RNA-Seq:  

Find out which genes are expressed in a certain tissue at a certain timepoint 

Quantify gene expression 

Identify alternative splicing events, i.e. Transcript isoforms 

 

 

 

DNA-Seq: 

Identify differences between individuals/cell types, e.g. Cancer vs. healthy cells 

SNPs, short indels, large indels, inversions, translocations, copy number variations 

  Exon1   Exon2     Exon3 reference genome 

reads from sample 

transcriptome 

reference genome 

? 

reads from sample 

genome 

genome  …CTGAGACTGACTAGCAATCTTAGGCTTCAGCTACCAGCTATACGAGCTTACTG… 

 

            AGACTGTCTA CAATCTT-G               TATACCAGA 

reads        GACTGTCTAG  ATCTT-GGCT  

                TGTCTAGCAA CTT-GGCTTC 

                 GTCTAGCAAT 

                   CTAGCAATCA 
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Papers: 

Read Mapping: 

- RazerS: general Edit/Hamming distance read mapper 

- GSNAP: SNP-tolerant (split-)read mapper 

- AGE: a dynamic programming algorithm for structural variants 

 

Variant Detection: 

- SRMA: refinement of read alignments for SNP/indel detection 

- SRiC: Using split-reads for structural variant detection 

- VariationHunter: Combinatorial algorithms for structural variant detection with 

paired-end reads 

 

Applied Papers (incl. methods): 

- BreakSeq: classifcation of variants and their formation mechanisms 

- ChimeraScan: detecting gene fusion events in cancer transcriptomes 
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Read Mapping I 

- General purpose read 

mapper 

- approximate string matching 

with Hamming/edit distance 

- filtering & verification 

algorithm based on q-gram 

counting 

- sensitivity control through 

lossy filtering (DP recursion) 

- need to explain basics of 

different filtering techniques, 

mainly q-gram counting 

 

Rating: 7 
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Read Mapping II 

- Specialized read mapping: 

- Reads containing 

structural variants 

- Transcriptome reads 

spanning introns 

- filtering with k-mer index 

and spanning sets 

 

 

 

 

 

Rating: 6 
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Read Mapping III 

- DP algorithm for alignment of 

indel-containing reads 

- Needleman-Wunsch-like  

 

 

 

 

 

 

 

 

Rating: 4 
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Variant Detection I 

- Realignment of reads to a 

variant graph 

- Improvement in SNP/indel 

calling 

 

 

 

 

 

 

Rating: 3 
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Alternative Variant Detection I  

- Indel and SNP calling method 

- Improvement in SNP calling 

through realignment of reads to 

candidate haplotypes 

 

 

 

 

Rating: 7 
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Variant Detection II 

- Extensive evaluation of accuracy 

of using split reads for SV detection 

 

 

 

 

 

 

 

Rating: 5 
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Variant Detection III 

- Detecting SVs based on 

anomalous reads pairs 

- Extensive Combinatorics 

 

 

 

 

 

Rating: 8 
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Alternative Variant Detection III 

- Detecting SVs based on 

anomalous reads pairs 

- Based on clustering and 

optimization (hill climbing) 

algorithm 

 

 

 

 

Rating: 8 
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Applied Papers I 

- Mapping of short reads onto 

library of breakpoint junctions 

- Inference of ancestral state of 

structural variants through 

comparison with other primate 

genomes 

- Classification of SVs based on 

sequence features 

 

 

 

Rating: 7 
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Applied Papers II 

- Mapping of cancer transcriptome 

reads (short and long reads) 

- Identification of gene fusions 

 

 

 

 

 

Rating: 6 


