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Goals of this course - I

Soft skills

• Learn how to evaluate a research paper

• Learn what makes a paper good

• Learn how to get your paper published

• Learn how to give a scientific talk

• Learn to be critical / evaluate



Goals of this course - II

Hard skills

• Get an overview of the RNA bioinformatics field

• Learn how basic concepts / algorithms/ statistical methods are
applied and extended in this field

• Learn how to ask the right biological question and choose the
right computational methods ‚to solve it‘



Course Design

• Today -> overview on the topics, assignment of papers

• Student presentations

• Each student will choose a paper and will give a presentation

• One presentation per term (40-50 minutes + 15 minutes
questions) 

• Discussion: questions, critical assessmnet. One scientific
question per person + 1 good comment and 1 comment on 
what can be improved



Presentation Guidelines

Compression with minimal loss of information

1. Understand the context & data used

2. Identify the important question/motivation

3. Focus on the method

4. Summarize shortly the main findings

• Forget about unimportant details

5. Evaluate and think about possible future directions



Advices / Help

• Read your paper twice before saying ‚I don‘t understand it‘

• Read the supplementary material

• Do not try to understand every detail but the general idea has to be clear

• Main objective: lively interesting talk that promotes discussion

• Come anytime to me with questions (write me 3-4 days before)
marsico@molgen.mpg.de
Tel: +49 30 8413 1843
where: MPI for Molecular Genetics, Ihnestrasse 63-73, Room 1.3.07

• send me your presentation one week before your talk

• Get feedback and give feedback (also to me)



What happens if I miss a session?

• Write a small report about the topic you have missed (2 pages – latex)

• Abstract, Introduciton, Material & Methods, Results & Discussion
• Re-phrase it in your own words
• By the 31th of March

• What happens if I miss two sessions?
• Write two of such reports..



The schedule

Day Talk Topic

October 14 Annalisa Introduction to Rna
Bioinformatics

October 21

October 28

November 04

November 11

November 18 Annalisa in Köln

November 25

December 02 backup

December 09 backup

December 16 backup

January 06 (‘16) backup



High-throughput genomics

+
Illumina HiSeq 2000

TFPolII

DNA
Chromatin modifications & packing,

TF binding, Genetic variation

RNA
Synthesis and control, Splicing, 

Modifications & Degradation

Splicing

RNA methylation

Polyadenylation Degradation

Non-coding RNA
miRNA transcription, 

miRNA regulation, lincRNA

(Adapted from Proudfoot et al. 2002)

Protein
Synthesis, Modifications, Function



Focus of the RNA Bioinformatics group

Machine 
Learning/
Statistics

NGS data analysis
High-dimensional data

RNA Bioinformatics/
Non-coding RNAs

Experimental validation



What is an RNA?

Secondary structure: set of base pairs which can be mapped into a plane



The RNA revolution

• Not only intermediates between DNA and proteins, but informational molecules
(enzymes)

• The first primitive form of life? (Woese CR 1967)

• Ability to function as molecular machines (e.g. tRNA, RNAs in splicesosome complex)

• Ability to to function as regulators of gene expression (miRNA, sRNAs, piRNAs, 
lincRNA, eRNAs, ceRNAs..)

• Different sizes and functions (e.g. miRNAs 22nt, lincRNAs > 200nt)

• 1.5 % of the human genome codes for protein, the rest is ‚junk‘

• Since ten years junk has become really important -> transcribed in ncRNAs

• More than 80% of human disease loci are within non-coding regions

• A lot of tools developed to identify ncRNA genes

• E.g. Rfam – database which collect RNA families and their potential functions



The Eukaryotic Genome as an RNA machine 
The ‘RNA world’

Amaral et al. Science 2008;319:1787-1789
miRNAs

E(enhancer-like)RNAs

lincRNAs

Promoter-associated
RNAs



Non-coding RNAs: hot stuff

Nobel Prize in Physiology
or Medicine 2006



Structured RNAs examples



Research in RNA Bionformatics and 
Perspectives

• Initially focus on folding of single RNA molecules, but further improvements:
• Nussinov algorithm
• Zuker algorithm and partition function
• Fold many sequence togehter -> exploiting comparative information
• More complex models for finding RNA motifs (Covariance models, Rfam database)

• Searching for ncRNAs

• miRNA identification and role in gene-regulatory networks

• lncRNA (~13000 in the human genome) new challenge: poorly annotated, poorly
conserved, strucures unkown

• Focus RNA-RNA interactions and RNA-protein interactions
• miRNA target prediction
• lncRNA target prediction (indirect methods)
• RNA Binding Proteins (RBPs)



Non-coding RNAs in gene regulatory 
networks

Long non-coding RNA
microRNA

Transcription factor

Cell nucleus

Eukaryotic cell cytosol



Non-coding RNA-mediated networks in 
bacterial infections

Long non-coding RNA
microRNA

Pathogen-encoded gene
Pathogen

Cell nucleus

Host cellular interaction network

Bacterial replication

Immune
System response



Statistical modeling of miRNA transcriptional 
regulation

background
promoters

assign tag clusters
to promoters/
background

EM
algorithm

miRNA promoter m
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miRNA primary transcript (pri-miRNA)

? P(prom) > P(back)

PROmiRNA : machine learning method for
miRNA promoter prediction. Semi-supervised
hierarchical model

Modeling miRNA processing: 
String kernel regression

A. Marsico et al. Genome Biol 2013 T. Conrad*, A. Marsico* et al. Cell Reports 2014



Research in RNA Bionformatics and 
Perspectives

• Initially focus on folding of single RNA molecules, but further improvements:
• Nussinov algorithm
• Zuker algorithm and partition function
• Fold many sequence togehter -> exploiting comparative information
• More complex models for finding RNA motifs (Covariance models, Rfam database)

• Searching for ncRNAs

• miRNA identification and role in gene-regulatory networks

• lncRNA (~13000 in the human genome) new challenge: poorly annotated, poorly
conserved, strucures unkown

• Focus RNA-RNA interactions and RNA-protein interactions
• miRNA target prediction
• lncRNA target prediction (indirect methods)
• RNA Binding Proteins (RBPs)



Evolution of long-non coding RNAs and implication for 
their functional classification (largely unknown so far!)



Research in RNA Bionformatics and 
Perspectives

• Initially focus on folding of single RNA molecules, but further improvements:
• Nussinov algorithm
• Zuker algorithm and partition function
• Fold many sequence togehter -> exploiting comparative information
• More complex models for finding RNA motifs (Covariance models, Rfam database)

• Searching for ncRNAs

• miRNA identification and role in gene-regulatory networks

• lncRNA (~13000 in the human genome) new challenge: poorly annotated, poorly
conserved, strucures unkown

• Focus RNA-RNA interactions and RNA-protein interactions
• miRNA target prediction
• lncRNA target prediction (indirect methods)
• RNA Binding Proteins (RBPs)



Research in RNA Bionformatics and 
Perspectives

•Approximation: prediction of RNA secondary structure
RNAfold < trna.fa

>AF041468

GGGGGUAUAGCUCAGUUGGUAGAGCGCUGCCUUUGCACGGCAGAUGUCAGGGGUUCGAGUCCCCUUACCUCCA

(((((((..((((........)))).(((((.......))))).....(((((.......)))))))))))).

-31.10 kcal/mol



Models and databases to represent RNA 
structure and sequence consensus



Models and databases to represent RNA 
structure and sequence consensus



Sequence-structure alignment and folding of 
non-coding RNA - clustering



Research in RNA Bionformatics and 
Perspectives

• Initially focus on folding of single RNA molecules, but further improvements:
• Nussinov algorithm
• Zuker algorithm and partition function
• Fold many sequence togehter -> exploiting comparative information
• More complex models for finding RNA motifs (Covariance models, Rfam database)

• Searching for ncRNAs

• miRNA identification and role in gene-regulatory networks

• lncRNA (~13000 in the human genome) new challenge: poorly annotated, poorly
conserved, strucures unkown

• Focus RNA-RNA interactions and RNA-protein interactions
• miRNA target prediction
• lncRNA target prediction (indirect methods)
• RNA Binding Proteins (RBPs)



Prediction of RNA Binding Protein (RBP) sites 
genome-wide 

M.T. Lam et al., Nature 2013, F. Lai et al, Nature 2013KW Vance & C. Ponting, Trends in Genetics 2014

• Proteins are involved in RNA processing, e.g. Splicing
• When RNAs work in gene regulation they do it through protein-binding



Prediction of RNA Binding Protein (RBP) sites 
genome-wide 

→ diagnostic events (DEs)

Technique: CLIP-Seq

Read counts          RBP affinity ?

(Source: Nature Reviews Genetics 13, 77-83)

Sabrina Krakau



Investigation of RNA function through binding with 
RNA Binding Proteins - CLIP-seq and hiCLIP-seq data

A statistical method for peak calling
based on a generalized linear model



Investigation of RNA function through binding with 
RNA Binding Proteins - CLIP-seq and hiCLIP-seq data



Modeling and prediction of RNA-protein Binding Sites

• RBPs process RNAs (e.g. Splicing, 
editing, stability)

• Help them to carry out their function

• Human genome has ~424 known and 
predicted RBPs

• Recognize their targets at sequence 
and structural level



De novo discovery of RBPs motifs

HMM + Gibbs optimization
to capture sequence and structure
preferences

SFRS1 splicing factor

David Heller

Multiloop

Hairpin

Stem

Internal loop



Modeling and prediction of RNA-protein Binding Sites



Research in RNA Bionformatics and 
Perspectives

• Initially focus on folding of single RNA molecules, but further improvements:
• Nussinov algorithm
• Zuker algorithm and partition function
• Fold many sequence togehter -> exploiting comparative information
• More complex models for finding RNA motifs (Covariance models, Rfam database)

• Searching for ncRNAs

• miRNA identification and role in gene-regulatory networks

• lncRNA (~13000 in the human genome) new challenge: poorly annotated, poorly
conserved, strucures unkown

• Focus RNA-RNA interactions and RNA-protein interactions
• miRNA target prediction
• lncRNA target prediction (indirect methods)
• RNA Binding Proteins (RBPs)



Accurate annotation of microRNA genes from 
high-throughput data



RNA post-transcriptional modifications 
important for RNA functional studies



RNA post-transcriptional modifications 
important for RNA functional studies


