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Who should be here

● Master Informatik, Biophysik, 
Diplominformatik

• Ability to read English papers

• Interest in biological questions

• Knowledge in algorithms
• Trees, graphs, dynamic programming, complexity, …

• Basic statistics
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How it will work

• Today: Presentation and choice of topics 
• Meet advisor by 22.11.16 to discuss topic 

and papers
• Send flash-presentation to your advisor by 06.12.16
• Present topic in 5min flash-presentation 13.12.16
• Meet your advisor by 24.1.17 to discuss slides
• Present your topic (30min) at the Blockseminar

(07.02.2017)
• Write seminar thesis (15 pages, english) by 

31.3.2017
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Agenda

• Introduction

• Topics and assignment

• Hints on presenting your topic 
and writing your thesis
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Cell – Chromosomes - Genes
Chromosomes:
• Contain genetic information
• 23 pairs
• Made up of DNA

(Desoxyribonucleic Acid)
• Composed of four 

nucleotides (A,C,G,T)
• DNA: double helix of 

complementary base pairs (bp) 

Genes:
• „any discrete locus of heritable, 

genomic sequence which affect 
an organism's traits by being 
expressed as a functional 
product or by regulation of 
gene expression“

Genome:
• All genetic material 

(genes, non-coding 
DNA, mitochondria)

• Size: 3.2 Gbp

Human:
~25.000
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Central Dogma of Molecular Biology
(a) Transcription

Genes on the DNA are read 
and transcribed to RNA 
(mRNA, miRNA, tRNA, …)

mRNA: messenger RNA, 
single-stranded RNA 
Transcript of a gene

(b) Translation

mRNA sequences are 
translated to proteins
Only 2% of the genome are 
protein-coding (exome)

Proteins have many functions:
• Enzymes
• Regulation
• Cell signaling and ligand binding

(antibodies, receptors, …)
• Structural proteins 

(hair, nails, motor proteins, …)
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Transcription - Gene Expression 

• Different techniques allow to count the 
number of transcripts to determine the 
activity of genes → gene expression

• Every cell of an organism contains 
(nearly) the same set of genes but 
different cells show different patterns of 
gene expression!

• Analysis and comparison of transcriptome 
of different types of cells:

• What constitutes a specific cell type?
• How works a specific type of cell?
• How does changes in gene activity 

contribute/reflect to disease?

e.g. Northern Blot, 
Microarray, RNA-Seq

Microarray experiment 
(old but established technology) 
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Translation - Genetic Code

mRNA → protein

Nucleotide triplets (codons) 
code for one of 20 amino acids
(aa, bricks of proteins)

Codon degeneracy

SNP (single nulceotide polymorphism):
Variation in a single nucleotide within
>1% of a population

→ may change aa and thus 3D structure 
     and function of a protein

     Examples: sickle cell anemia,
     cystic fibrosis

  

Analysis of SNPs: 
Variant calling
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Differential RNA Splicing

can produce different forms of a 
protein from the same gene:
Introns are removed from mRNA
Exons may be included or excluded 
from mRNA
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Differential splicing from single 
gene → multiple proteins
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Gene – Disease - Associations

Changes in DNA (SNP, insertion, deletion, …) 
• Wrong amount of a certain protein is produced
• Proteins are misfolded → function is lost

Large scale experimental 
analysis to find disease genes!

 (Genomics, proteomics, 
transcriptomics, epigenomics)

health 
problems

data: OMIM database, 1,284 diseases  and 1,777 disease genes

„The human disease network“, PNAS, 2007

Example cancer: 
• changes cause cells to 

survive/grow out of control
• Three types of genes:

• Proto-oncogenes 
(growth)

• Tumorsuppressor genes 
(control cell growth)

• DNA repair genes 
(DNA repair)
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Sequencing Costs Decrease

http://www.nature.com/news/technology-the-1-000-genome-1.14901

1990 – 2001: Human 
Genome Project (HGP),
costs $3 billions

Today: $1000 per human 
genome, one day

NGS has outpaced Moore` lawNGS methods: highly 
parallelized processes that
enable the sequencing of 
thousands to millions of

molecules at once

Improvements in the area of high-throghput sequencing
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The Sequencing Explosion

http://www.illumina.com

Data output
2005: GenomeAnalyzer 84kb 1 Gb per run
2014: 1.8 terabases per run (1000x increase)
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exponential growth of in the amount of (publicly available) sequence data, 
quality of data per sample is going up
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Example Data Sets

Compressed
file 
size
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Example TCGA (1)

http://cancergenome.nih.gov

• collaboration 
between the NCI 
NHGRI

• >1000 studies of 
cancer by 
independent 
researchers

• improving cancer 
prevention, early 
detection and 
treatment
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Example TCGA (2)

http://cancergenome.nih.gov/researchhighlights
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Example TCGA (3)

„Comprehensive Molecular Portraits of Invasive Lobular Breast Cancer“, Ciriello G. Et al., Cell 2015

• Invasive lobular carcinoma (ILC) is a 
clinically and molecularly distinct disease

• ILCs show CDH1 and PTEN loss, AKT 
activation, and mutations in TBX3 and 
FOXA1
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Example TCGA (4)

• Proliferation and immune-related 
gene expression signatures 
define 3 ILC subtypes

• Genetic features classify mixed 
tumors into lobular-like and 
ductal-like subgroups
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Agenda

• Introduction

• Topics and assignment

• Hints on presenting your topic 
and writing your thesis
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Introducing Literature

● Berger et al.: Computational solutions for omics data, 
Nature Review Genetics, 2013

● Vogelstein et al.: Cancer Genome Landscapes, 
Science, 2013

● Biological Background:
Alberts B, Johnson A, Lewis J, et al.: Molecular Biology of 
the Cell. 4th edition. 
https://www.ncbi.nlm.nih.gov/books/NBK21054/?term=molecular%20biolog
y%20of%20the%20cell%20alberts

● More literature will be provided individually

https://www.ncbi.nlm.nih.gov/books/NBK21054/?term=molecular%20biology%20of%20the%20cell%20alberts
https://www.ncbi.nlm.nih.gov/books/NBK21054/?term=molecular%20biology%20of%20the%20cell%20alberts
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Overview Topics

Nr Topic Supervisor

1 Genome Assembly Yvonne

2 Read Mapping in RNA-Seq Yvonne

3 Compression Methods 
Genomics

Yvonne/Ulf

4 Variant Calling Yvonne

5 Sequence Similarity Yvonne

6 Co-Expression Networks Saskia/Yvonne

7 Gene Regulatory Network
Reconstruction/Regulatory 
activity

Saskia

8 Differential Expression 
Analysis 
of RNA-Seq Data 

Saskia/Yvonne

Algorithmic 
efficiency to 
handle large 
datasets

Data analysis
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Topic 1: Genome Assembly
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Topic 1: Genome Assembly
Presentation of two different approaches:
(c) Overlap-Layout Consensus and (d) De Bruijn graphs

[1] "ARACHNE: A Whole-Genome Shotgun Assembler", Genome Research, 2002
[2] "How to apply de Bruijn graphs to genome assembly", Nature Biotechnology, 2011
[3] "Velvet: Algorithms for de novo short read assembly using de Bruijn graphs", Genome Research, 2008
[4] "Comparison of the two major classes of assembly algorithms: overlap-layout-consensus and de-bruijn-graph", Briefings in FG, 2011
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Topic 2: Read Mapping in RNA Sequencing
• Presentation of two approaches: Bowtie and TopHat (CuffLinks)
• Memory usage / runtime
• Transcript assembly/workflow from biological sample to read counts 

Challenges:

• Need to map millions of 
short reads to a genome 

• NOT exact matching: 
sequencing erros, 
biological variants 
(substitutions, insertions, 
deletions, splicing)

• Advantage: discovery of 
new genes, transcripts, 
alternative splice isoforms

TopHat
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Topic 2: Read Mapping in RNA Sequencing

[1] "Fast gapped-read alignment with Bowtie 2", Nature Methods, 2011
[2] "TopHat: discovering splice junctions with RNA-Seq", Bioinformatics, 2009
[3] "Differential gene and transcript expression analysis of RNA-seq 
experiments with TopHat and Cufflinks", Nature Protocols, 2014
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Topic 3: Compression Methods Genomics

• Sequencing data accumulates
→ Reduction of data size for storage (and processing) necessary

• Present reference-based and non-reference-based compression methods 
to achive high compression rate and speed

• Reference-based compression methods 
• Alignment of reads to a reference genome
• Only differences are stored
• Example: FRESCO (WBI)



Yvonne Lichtblau, Saskia Trescher: Biomedical High-Throughput Data Sets, WS 2016/2017              26

Topic 3: Compression Methods Genomics

[1] "Efficient storage of high throughput DNA sequencing data using reference-based compression", 
     Genome Research, 2011
[2] "SCALCE: boosting sequence compression algorithms using locally consistent encoding", Bioinformatics, 2012
[3] "FRESCO: Referential Compression of Highly Similar Sequences", IEEE Transactions on Computational 
     Biology and Bioinformatics, 2013

• Non-reference based methods
• Rely on string compression algorithms
• Exploits repetitive DNA segments
• Use text compression algorithms (gzip, BWT, ..)
• Example: SCALCE

• Uses a locally parsing technique: combinatorial pattern 
matching technique that aims to identify ‘building blocks’

• Reorganizes reads
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Topic 4: Variant Calling

[1] „Best practices for evaluating single nucleotide variant calling methods for microbial genomics“, frontiers in genetics, 2015
[2] "Mapping short DNA sequencing reads and calling variants using mapping quality scores", Genome Research, 2008
[3] "Genotype and SNP calling from next-generation sequencing data", Nature Reviews Genetics, 2011
[4] "A map of human genome variation from population-scale sequencing", Nature, 2010

• 1. Step: Read Mapping
• 2. Step: Different methods

• Allele counting
• Probabilistic models

• To quantify statistical uncertainty
• Assign priors e.g. by taking the 

observed allele frequency of 
multiple samples into account 

• Incorporating linkage disequilibrium
• Specifically helpful for low 

coverage and common variants

• Examples (1000 / 100000 genomes 
project, african genome variation 
project, 23andMe, ...) ht
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Challenges, explain different methods, example project

http://www.slideshare.net/allPowerde/
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Topic 5: Sequence Similarity

[1] "Gapped BLAST and PSI-BLAST: a new generation of protein database search programs.", Nucleic Acids    
     Research, 1997
[2] "Fast alignment-free sequence comparison using spaced-word frequencies.", Bioinformatics, 2014
[3] "STELLAR: fast and exact local alignments.", BMC Bioinformatics, 2011

• Requirements: BLAST
• Motivation: Identify homologous regions / Find functional similar sequences

• Presentation of two approaches
• STELLAR (fast and exact local alignments)

• Calculates only significant local alignments with high scores
• Use a maximum error rate for alignments
• Require minimal alignment length

• Alignment-free sequence comparison using spaces word frequencies 
• space words: defined by patterns of 'match' and 'don't care positions'
• Fast implementation with recursive hashing and bit operations
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Topic 6: Co-Expression Networks

● Undirected graph, 
nodes: genes, 
edges: similar 
expression pattern 
across samples 

● Co-expressed 
genes controlled by 
same regulatory 
program/ 
functionally related/ 
members of the 
same pathway

 http://www.nature.com/nature/journal/v507/n7493/fig_tab/nature13182_SF9.html
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Topic 6: Co-Expression Networks

● Motivation, construction methods, 
measures, thresholds

● Network analysis (metrics e.g. 
betweenness centrality)

● Functional subnetworks

[1] "A General Framework for Weighted Gene Co-Expression Network Analysis", Statistical Applications in Genetics and 
      Molecular Biology, 2005
[2] "Learning from Co-expression Networks: Possibilities and Challenges.", Frontiers in Plant Science, 2016
[3] "Arabidopsis gene co-expression network and its functional modules", BMC Bioinformatics, 2009
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Topic 7: Gene Regulatory Network Reconstruction/
Regulatory Activity

● Reconstruction of GRNs based on gene expression data using local inference 
● Method „ARACNE“: mutual information, filtering, applications

http://msb.embopress.org/content/3/1/78.figures-only

http://www.pnas.org/content/104/42/16438/F3.expansion.html

● Regulators (e.g. transcription factors) govern gene 
expression levels 

● GRN: directed graph, edges: represent biochemical 
process (activation/ inhibition)

[1] "ARACNE: An Algorithm for the Reconstruction of Gene Regulatory Networks in a Mammalian Cellular Context.", 
      BMC Bioinformatics, 2006
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Topic 7: Gene Regulatory Network Reconstruction/
Regulatory Activity

● GRN reconstruction: very complex problem → use additionally a priori knowledge about 
regulatory principles

● With network and expression data: estimate regulatory activity using mathematical 
optimization

● Methods: RACER, Rabit

http://journals.plos.org/ploscompbiol/article?id=10.1371%2Fjournal.pcbi.1003908

[2] "Regression Analysis of Combined Gene Expression Regulation in Acute Myeloid Leukemia.", Plos Computational 
      Biology, 2014
[3] "Inference of transcriptional regulation in cancers", PNAS, 2015 
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Topic 8: RNA-Sequencing: Differential Expression 
Analysis

● Differential expression: which transcripts from tumor 
sample are produced at significantly higher/ lower number 
than from healthy sample

● Tools: DESeq and CuffDiff
● Normalization of data
● Count uncertainty and overdispersion problem
● Statistical tests

[1] "Differential expression analysis for sequence count data.", BMC Genome Biology, 2010
[2] "Differential gene and transcript expression analysis of RNA-seq experiments with TopHat and Cufflinks", Nature Protocols, 2014
[3] "Comparison of software packages for detecting differential expression in RNA-seq studies", Briefings in Bioinformatics, 2015
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Potential Further Topics

• Genome Assembly FM-index based
• Small RNA Sequencing (miRNAs)
• Subnetwork analysis
• Proteomics
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Overview Topics

Nr Topic Supervisor Student

1 Genome Assembly Yvonne David

2 Read Mapping in RNA-Seq (*) Yvonne Lukas

3 Compression Methods Genomics Yvonne/Prof.Leser Jannes

4 Variant Calling (*) Yvonne

5 Sequence Similarity Yvonne Marti

6 Co-Expression Networks Saskia/Yvonne

7 Gene Regulatory Network
Reconstruction/Regulatory 
activity

Saskia Leon

8 Differential Expression Analysis 
of RNA-Seq Data (*)

Saskia/Yvonne
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Agenda

• Introduction

• Topics and assignment

• Hints on presenting your topic 
and writing your thesis
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Allgemeine Hinweise

• Dozenten sind ansprechbar!
• Vorbesprechung des Themas
• Folien durchgehen
• Abgrenzung der Ausarbeitung

• Diskussion erwünscht
• Keine Angst vor Fragen: Fragen sind keine Kritik
• Eine Frage nicht beantworten können ist in Ordnung

• Tiefe, nicht Breite
• Lieber das Thema einengen und dafür Details erklären

• Bezug nehmen 
• Vergleich zu anderen Arbeiten (im Seminar)
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Allgemeine Hinweise

• Werten und bewerten
• Keine Angst vor nicht ganz zutreffenden Aussagen – 

solange gute Gründe vorhanden sind
• Begründen und argumentieren
• Kritikloses Abschreiben ist fehl am Platz

• Literaturrecherche ist notwendig
• Die ausgegebenen Arbeiten sind Anker 
• Weiterführende Arbeiten müssen herangezogen werden
• Auch Grundlagen nachlesen

• Auf der Homepage finden sie eine Liste zum 
Abhaken
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Hinweise zum Vortrag

• ~30 Minuten inkl Diskussion
• Klare Gliederung
• Ab und an Hinweise geben, wo man sich befindet
• Bilder und Grafiken; Beispiele
• Font: mind. 16pt
• Eher Stichwörter als lange Sätze
• Vorträge können auch unterhaltend sein

• Gimmicks, Rhythmuswechsel, Einbeziehen der Zuhörer, 
etc.

• Adressat sind alle Teilnehmer, nicht nur die 
Betreuer

• Technik: Laptop? Powerpoint? 
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Hinweise zur Ausarbeitung

• Eine gedruckte Version abgeben
– Selbstständigkeitserklärung unterschreiben

• Eine elektronische Version schicken
• Referenzen: Alle verwendeten und nur die

• Im Text referenzieren, Liste am Schluss

• Korrekt zitieren
• Vorsicht vor Übernahme von kompletten Textpassagen; 

wenn, dann deutlich kennzeichnen
• Aussagen mit Evidenz oder Verweis auf Literatur versehen

• Verwendung von gefundenen Arbeiten im Web
• Möglich, aber VORSICHT
• Eventuell Themenschwerpunkt verschieben – Betreuer 

fragen
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Hinweise zur Ausarbeitung –2-

• Gezielt und sachlich schreiben
• Ausführungen zur „Philosophische Überlegungen zu 

Vorzügen probabilistischer Verfahren im Vergleich zu 
Dempster‘s Theory of Evidence“ oder zur „Anmerkungen 
zur Trivialisierung des politischen Diskurs für soziale 
Netzwerke unter besonderer Berücksichtigung von Twitter“ 
möglichst kurz halten

• Füllwörter vermeiden (dabei, hierbei, dann, …)
• Knappe Darlegung, präzise Sprache

• Eine gute Gliederung ist die halbe Miete
• Kommen Sie zu Aussagen

• Vorteile, Nachteile, verwandte Arbeiten, mögliche 
Erweiterungen, Anwendbarkeit, eigene Erfahrungen, …
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Format
• Benutzung unserer Latex-Vorlage
• Nur eine Schriftart, wenig und konsistente Wechsel 

in Schriftgröße und –stärke
• Inhaltsverzeichnis
• Bilder: Nummerieren und darauf verweisen
• Referenzen:

– [1] S. Wandelt and U. Leser (2013). "FRESCO: Referential Compression of 
Highly Similar Sequences". IEEE/ACM Transactions on Computational 
Biology and Bioinformatics, vol. 10, no. 5, pp. 1275-1288. 

– [SWUL13] S. Wandelt and U. Leser (2013). "FRESCO: Referential 
Compression of Highly Similar Sequences". IEEE/ACM Transactions on 
Computational Biology and Bioinformatics, vol. 10, no. 5, pp. 1275-1288. 

• Darf man Wikipedia zitieren?
• Ja, aber nicht dauernd
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Wie halte ich einen Seminarvortrag
1. Wenn man nun so einen Seminarvortrag halten muss, dann empfiehlt es sich, 
möglichst lange Sätze auf die Folien zu schreiben, damit die Zuhörer nach dem 
Vortrag aus den Folienkopien noch wissen, was man eigentlich gesagt hat.
2. Während so einem Vortrag schaut sowieso jeder zum Projektor, also kann man 
das selbst ruhig auch tun - damit kontrolliert man gleichzeitig auch, ob der Beamer 
wirklich alles projeziert, was auf dem Laptop zu sehen ist. Ausserdem kann man so 
den Strom für das Laptop-Display sparen.
3. Übersichtsfolien am Anfang sind langweilig, enthalten keinen Inhalt und 
nehmen den Zuhörern die ganze Spannung. Schliesslich gibt‘s im Kino am Anfang 
auch keine Inhaltsangabe.
4. Powerpoint kann viele lustige Effekte, hat tolle Designs und Animationen. Die 
sollte man zur Auflockerung des Vortrags unbedingt alle benutzen, um zu zeigen, 
wie gut man das Tool im Griff hat.
5. Nicht zu wenig auf die Folien schreiben. Man weiß ja nie, ob man sie nicht doch 
ausdrucken muss, und man kann so wertvolle Zeit sparen, wenn man nicht 
weiterschalten muss.
6. Man sollte versuchen, möglichst lange zu reden. Die Zeitvorgaben sind nur für 
die Leute, die nicht genug wissen - eigentlich will der Prüfer sehen, dass man sich 
auch darüber hinaus mit dem Thema beschäftigt hat.
Bloß keine Hervorhebungen im Text – sonst müssen die Zuhörer ja gar nicht mehr 
aufpassen!
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Any 
Questions?
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App1: Differential Expression Analysis of 
Transcriptome Data based on Microarray Data

● Linear models (limma), tests, multiple testing correction, prefiltering, ... 
[DOI: 10.1007/0-387-29362-0_23]

http://www.rna-seqblog.com/microarray-analysis-workhorse-limma-now-capable-of-differential-expression-and-differential-splicing-analyses-of-rna-seq-data/
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App2: Annotation of Regulatory Sites

● Overview of computational methods and databases [DOI: 
10.1038/nbt1053], examples 


