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Motivation

Comments in 2010:

\The next century is the century of bioengineering.\

\It`s not about social networks - it`s about maths!"
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Bioinformatics
De�nition

Bioinformatics:
is the application of statistics and computer science to the�eld of
molecular biology (Wikipedia).
) storage, organisation, analysis of huge amounts of data
) development of algorithms and software for the analysis

I Human Genome: 3 Billion letters
I Sequencer used 26 Mio pieces a

550 letters for reconstruction
I Problem:

own 6= read 6= understand
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Bioinformatics
Database Tour

Names: Kyoto Encyclopedia of Genes and Genomes KEGG
http://www.genome.jp/kegg/
Protein Databank PDBhttp://www.pdb.org
Universal Protein Resource UniProthttp://www.uniprot.org
Example: Cancer overview) COX-2 ) arachidonic acid pathway
Example Links: full cancer pathway
http://www.genome.jp/kegg/pathway/hsa/hsa05200.html
COX2 in KEGG:
http://www.genome.jp/dbget-bin/www_bget?hsa:5742+hs a:5743
COX2 in UniProt: http://www.uniprot.org/uniprot/P35354
COX2 in PDB:
http://www.pdb.org/pdb/explore/explore.do?structure Id=3HS5
COX2 in arachidonic acid pathway
http://www.genome.jp/kegg-bin/show_pathway?hsa00590 +5743

http://www.genome.jp/kegg/
http://www.pdb.org
http://www.uniprot.org
http://www.genome.jp/kegg/pathway/hsa/hsa05200.html
http://www.genome.jp/dbget-bin/www_bget?hsa:5742+hsa:5743
http://www.uniprot.org/uniprot/P35354
http://www.pdb.org/pdb/explore/explore.do?structureId=3HS5
http://www.genome.jp/kegg-bin/show_pathway?hsa00590+5743


Bioinformatics
Basics

I (Nucleo)Base: Adenin, Guanin, Cytosin, Thymin (single parts
of DNA)

I Amino acid: molecule which contains an amine group, a
carboxylic acid group and a side chain (module for building
proteins)

I Sequence: a string of bases
I Gene: unit of heredity in an organism (part of DNA) =

sequence
I Genome: genes + additional DNA sequences of an organism
I Protein: organic component made of amino acids arranged in

a linear chain, folded into a globular form
Building process: gene) Translation & Transkription)
protein

I Enzyme: protein, that catalyses chemical reactions



Bioinformatics
Cancer Pathway: KEGG



Bioinformatics
Cancer Pathway: KEGG



Bioinformatics
COX2: KEGG



Bioinformatics
Arachidonic acid pathway: KEGG



Bioinformatics
COX-2: UniProt



Bioinformatics
COX-2: PDB



Bioinformatics
Other Databases

I CATH (protein structure classi�cation system)
http://www.biochem.ucl.ac.uk/bsm/cath/

I Mouse knockout database
http://www.knockoutmouse.org/

I NCBI: BLAST
http://www.ncbi.nlm.nih.gov/BLAST/

I ClustalW (multiple sequence alignment at BCM)
http://www.ebi.ac.uk/clustalw/

I Phylogenetic analysis programs (the tree of life list)
http://tolweb.org/tree/

I GENSCAN Web Server: Complete gene structures in genomic
DNA
http://genes.mit.edu/GENSCAN.html



Bioinformatics
Connection to Machine Learning

Bioinformatics) does Data Mining

Tools: Machine Learning & Optimisation
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Machine Learning
Unsupervised versus Supervised Learning

Machine + Learning

I Learning = (un)supervised learning
I Supervised Learning: System gets trained and receives

feedback for its results

) Knowledge about result available

) check against wanted result, search for known pattern
I Unsupervised Learning: System needs to adjust itself on its

own

) No knowledge

) minimise general cost/? function, search for any (hidden)
pattern
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Machine Learning
Pattern Matching

Dot plots
I search for genes = search for

pattern
I easy: search same gene in

di�erent organisms
) dot plots

I Dot plot: print dot, when match
What is a match?

I Match: equal/ similar ability/
feature

I assign score to consecutive line
of matches

 Dynamic Programming,
Smith-Waterman-Algorithm
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Machine Learning
Hidden Markov Models

Escherichia coli:900 genes per one million base pairs
Human: 10 genes per one million base pairs
) Aim: �nd the genes in the given genome

Genes own a pattern!

I Check through genome for the pattern
I Assign probability score for each section

BUT: Dot plots not feasible
) build a probability model
) de�ne states, transition
probabilities

Figure: Basic HMM for Gene
Finding



Figure: GENSCAN - HMM

Machine Learning
Hidden Markov Models

Important Algorithms:
M: Hidden Markov Model,
x: sequence of symbols

I Viterbi: Determine the
most probably sequence of
states through M for x

I Forward-Algo: Determine
probability, that M
generated x

I Baum-Welch-Algo: Given x
etc, how to train
parameters of M
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Machine Learning
Genetic Algorithms

Ingredients:
I evolution: basic knowledge (too much can hurt)
I population: 250 individuals
I reproduction-function: how to use Popi as base for Pop0i+1

mutation? crossover? mating?
I �tness-function: how to reduce Pop0i+1 to Popi +1 (=250)

Example: Find the shortest path in a
labyrinth!

Individuum:
(id, parent1, parent2, way-to-go) =
(15, 10, 8, mllr)
Fitness?
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Machine Learning
Neural Networks

I abstraction of brain cell connections &
communication

I basic structure: input layer, middle
layer, output layer

I connection: weight
I node: function to calculate output

based on input weights
I feedback, low /high density of

interconnections possible



Machine Learning
Neural Networks

How to train weights:
I Backpropagation:

I Supervised Learning
I check result, calculate the error, adjust internal weights

according to their importance for the result
I feed-forward networks (no loops) prefered

I Radial Basis Function
I Genetic Algorithms!

(also usable for changing network size etc)

Drawback: NNs are black boxes!
Correction: A mathematican told me, they actually can analyse
most NNs. But it seems to be complicated.



Outline

Bioinformatics
De�nition
Database Tour

Machine Learning
Dot Plots
Hidden Markov Models
Genetic Algorithms
Neural Networks
Support Vector Machines
Simulated Annealing

Current Research
Protein Design
Bidirectional Cortical Communication Interface
Other

Further Reading



Machine Learning
Support Vector Machines

Motivation:
separation needed for data in high-dimensional space

Solution:
Easy data: introduce a hyperplane as separator!

Di�cult data: transform it into easy data!
) more dimensions & mapping function �?



Machine Learning
Support Vector Machines

Transform di�cult data ) more dimensions & mapping function
�?

BUT: speci�c mapping function � not needed!

The Kernel Trick:
Dot-product: calculates distance between points (needed for SVM)

) fuse mapping function and dot product into one function

k(x; y) = �( x) � �( y)
1 mapping (1 dim)6= 1 dot product + 2x mapping (n dim)

Example:k(x; y) = tanh(s(x; y) + c)(sigmoid)
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Optimisation
Simulated Annealing

Initialisation:

I select a random solution
I compute its energy
I set maximum energy,

maximum amount of loops,
temperature

Pick new solution:

I pick new solution based on last solution
I if probability is good, accept new solution
I new energy better (=lower) than the best energy? set new

best energy

End:

I stop when maximum iterations or energy is above its limit
I return the best solution found so far



Machine Learning
Simulated Annealing

If probability is good, accept new solution:

I x = random number from intervall [0,1]
I y = 1 when enew < ecurrent

I else y = e
ecurrent � enew
temp� max� k

max

I if y > x, the probability is \good" and the solution is accepted

I temperaturetemp � max� k
max decreases over time (k)

I ecurrent � enew negative) ecurrent � enew

temp� max� k
max

negative

) e
ecurrent � enew
temp� max� k

max = 1

e

enew� ecurrent
temp� max� k

max

= etemp� max� k
max

eenew� ecurrent !
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Current Research
Protein Design

Motivation: Search for new antibiotics!
Procedure: go from bacteria sequence to product
sequence) way of synthesis) end product

Way of Synthesis: often Nonribosomal Peptide Synthetases
(NRPS) ) compareable to modular factory lines

Figure: Nonribosomal Peptide Synthetase



Current Research
Protein Design

Aim: Predict end product in �guring out speci�c factory line just
with software

Procedure:
I Predicting the \factory line" modules from sequence

(sequence similarity search)
I Predicting the module's product (machine learning (SVM),

sequence motives (HMM))
I Predicting the order of the modules (sequence motives)
I Predicting the �nal product using above predictions

Why that complicated:
Reduction of real lab work = (high) speed up in drug development
(HIV)
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Current Research
Bidirectional Cortical Communication Interface

Motivation:
Stroke: regain full movements (hand!)
Locked-in syndrome: regain communication

Procedure:



Current Research
Bidirectional Cortical Communication Interface

Problems:
I Study: strongly disabled persons) data a�ection
I Brain stimulation: needs medical agreement
I Machine Learning: high dimensional data

) algorithms need further development (SVM, NN)

Armin`s Work:
I In
uence: How much in
uence has a neuronal population

activity when stimulated on stimulation form/answer?
I Development of �lters: Discrimination between stimulation

and actual brain signal
I Decoding brain signals by stroke patiens (di�cult due to

severe brain & motor neuron damage)
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Current Research
E. coli versus Linux Kernel1

Linux Call Graph: Network of interactions betweenpieces of
program code (full code control)
Escherichia coli: gram-positive bacteria, normal 
ora in the gut
(random design)

Lesson to learn: The bigger the software project, the less code
control, the more randomness.
) Redesign the project to stay solid against randomness.

1http://www.wired.com/wiredscience/2010/05/linux-vs-life/



Current Research
Video Genome2

Motivation: How to automaticaly discriminate between the
original movie, the original movie rerecorded via camcorder and a
re-enacted version

) Video genome = list of features per frame
features: ie. shapes, boundaries

Procedure:
I check genome against database
I mutation = clipping, cropping, inserting advertisment
I use bioinformatics algos (sequence alignment, mutation

detection) to compute degree of relationship

2http://www.wired.com/wiredscience/2010/04/video-genome/



Further Reading

Books:
I Beginners: "Programming Collective Intelligence\,Toby

Segaran. ISBN-13: 978-0596529321
I THE Textbook: "Pattern Recognition and Machine Learning

(Information Science and Statistics)\, Christopher M. Bishop.
ISBN-13: 978-0387310732

Online: ...start at Wikipedia and follow the links



Thanks!

University of T•ubingen:
Dr. Kay Nieselt , Armin Walter (BCI), Kai Blin (Proteins)

Max-Planck Institute of Kybernetics, T•ubingen:
Katharina M•ulling, Volker Grabe (general support)

University of Uppsala, Sweden:
Ole G•amli (fun!)



Sources

I Lecture: "Algorithms for Bioinformatics 1+2\ Prof. Dr.
Huson Uni T•ubingen

I Wikipedia: English & German
I Material by Kai Blin and Armin Walter (Uni T•ubingen)
I Presentation by WSI f•ur Informatik, Uni T•ubingen (Dr. Kay

Nieselt)
I Wired.com when marked
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