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1. Bioinformatics

2. Motivation Al

3. Problem solver

4. Expert Systems (Example RAMEDIS)
5. Data Warhouse (Example PathAligner)
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Computer Science and Biology

-Modeling, Simulation, Visualization, Animation,
Artificial Intelligence, ...

Biology and Computer Science
-Finite Automata, Cellular Automata, L-System ...

-DNA-Computing, Genetic Algorithm, Neuronal
Networks, ...
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Bioinformatics - Bielefeld

Curricula
Diploma Bachelore
Since 1993 Since 2000
Last semester ! Up to 60 students per year

\ / |v|a\ster

Phd Courses

Since 2002
Arround 30 Grants

Since 2004
Up to 20 students per year
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Bioinformatics - Bielefeld

Topics — Technical Faculty

Prof. Giegerich: Practical Computer Science and Sequence Analysis
Prof. Hofestadt: Metabolic Networks and Medical Informatics
Prof. Stoye: Genominformatics

Prof. Naettkemper: Pattern Recognition
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Application Area

Utilization of Bioinformatics

g Pharmacy
21%

o Athor
33%

m Genomics
12%

Environment ® o Agriculture

> O 11%
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5% u Components
Diagnostics 7%
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Genotype and Phenotype
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Specific Database Systems
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Integrative Bioinformatics

Views to (complex) data
-Visualization
-Statistic
-Analysis Algorithms ...

Data Mining / Information Fusion

-Integration of database systems and analysis tools
-ARTIFICIAL INTELLIGENCE

International Journal of Integrative Bioinformatics

http://journal.imbio.de
AG Bio-/ Medizinische-Informatik
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Algorithm

Algorithm ?
A system where each step Is:
finite, definite, deterministic, traceable, input and output

Question:

Regarding a cooking recipe — isthis aalgorithm ?
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Algorithm

Muhammed idn Musa abu Djafar al-Choresmi,

or

Al Khwarizmi or Al-Khowarizmi,
born ca. 780 south-east of the Aral-See, in Choresmien in

Usbekistan, died 850.

825 he wrote the book:
Exercises for trades and executor of a will
Arabic title: “Kital al jabr w’al mugabata”

p Algebra

Latin translation “Liber Algorithmi”.
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Algorithm

Flow chart Termination ?

o
N = N-;:l
e

NT IN

Start(h) Algorithm ?

NO
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Algorithm

Find largest element

The Algorithm has to find the least index I, so that L.
will be the largest element in L.

Specification of the problem:
Input: n from IN, L from R"

Function: f. R"->{1,2,...n}
Output: f(L) =1withi=min{g | L,=Max, ., Ly}
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Algorithm

Algorithm FMAX: | 3 FMAX(L,n)

Find maximum from Liste L with lenght n > 1. i is the first position of the ligt,
where we can find the maximum for the first time.

F1: [choose favorit] =1

F2: [search] foral L, §=1+1,...,n)
execute step 3

F3: [compare] It L, >L,;, theni :=|
now we have
I-i = maX1<k<j I—k
(go back to step F2)
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Algorithm

Definition: Computability

A problem is called computability iff we can construct a
algorithm, which will solve the problem.

Question ?

|s each problem computability ?
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Algorithm

Lebniz'scher Gedanke (Leibnizideas) - 1694

For each problem we can find a calculator

which will solve the problem !

Gode could show during the 20ties of the last century:

PK1 (predicate logic of thefirst level) is not computable!

We have problems which are not computable !

AG Bio-/ Medizinische-Informatik



Artificial Intelligence

One mor e important problem !
COMPLEXITY (time and/or space)

Most of the problems, which are computable can not be solved
with the algorithms and computers of today.

Therefore, we need other methods:

Artificial Intelligence

AG Bio-/ Medizinische-Informatik



Artificial Intelligence

E. Rich: “Artificial Intelligence is the study of how to make
computers do thinks at which, at the moment, people are
better.”

The, Turing Test“ was introduced by Alan Turing (1912-1954)

which he so boldly began by the following sentence

| propose to consider the question " Can machines think ?*

AG Bio-/ Medizinische-Informatik



Artificial Intelligence

When talking about the , Turing Test* today:

We are connected to one person and one machine via a
terminal, therefore we can't see our counterparts. Our
task is to find out which of the two candidates is the
machine, and which is the human only by asking them
guestions. If the machine can "fool" us, it isinteligent.

AG Bio-/ Medizinische-Informatik



Artificial Intelligence

Resear ch topics:

Pattern recognition, specific agorithms (genetic
algorithm, neuronal networks ...), fuzzy systems, data
mining, data warehouse, expert systems, case based
reasoning, causal probabilistic networks, machine
learning, knowledge representation, theorem proofer,
robotics ...

AG Bio-/ Medizinische-Informatik



Artificial Intelligence

M otivation 1:

Problem:  time complexity = exponential and higher !

Most interesting questions (for example simulation of metabolic
pathways, multiples alignment and so on).

What todo ?

Use Artificial Intelligence methods and try to solve the problem

approximative.



Artificial Intelligence

M otivation 2

Problem: uncertainty knowledge or rudimentary
knowledge.

Most interesting questions (for example prediction of metabolic
pathways, diagnostic processes).

What todo ?

Use Artificial Intelligence methods and try to solve the problem
approximatively.

AG Bio-/ Medizinische-Informatik



Artificial Intelligence

M otivation 3:

Problem: distributed and mass data (exponential
growing of molecular data).

Most interesting questions (integration of molecular data and
analysis).
What todo ?

Use “Data Warehouses”

AG Bio-/ Medizinische-Informatik



Artificial Intelligence

et us focusto the

a) classical domain — automatic theorem solver

D) most important tool — Expert Systems (ES)

c) Application of ES for Bioinformatics RAMEDIS
d) Data Warehouse (Pathaligner)

AG Bio-/ Medizinische-Informatik



Artificial Intelligence

Theorem solver — idea

Definition of
axioms,
rules and

|Nnference mechanism.

Problem: Exponential complexity of these methods!!

AG Bio-/ Medizinische-Informatik



Artificial Intelligence

Definition proof system
A proof system is a quadrupel
S = (S,L,Ax,R) with

S finite alphabet.

LI S language of S.

Ax | L axiom system of S.

R={R :il I} finite set of derivation rueles.

AG Bio-/ Medizinische-Informatik



Artificial Intelligence

Proof system for the logical calculus:

1) For a proof system S = (Z,L,Ax,R)
L :=AUSD'l AUSD

IS the set of logical expressions using only

the @ (negation) and ® implication.
2) Ax = {AX,AX,,AX,} with

Ax: (p® (q® p))

A% ((P® (q®T)) ® ((p® q)® (p®T)))

AXs: (Dp ® D) ® ((Dp® q)® p)) (Tautologien).
3) R ={MP, SUB(v,b) : vl V,b1 AUSD?}
With two rules:
MP Modus Ponens: a,a®b® b

SUB (Substitution): a® SUB(a)



Artificial Intelligence

Computer implementations need:

One simple rule !

Thats the so called Resolution-rule : NOTATION
{a,c} clausel !
{b,dc} a = literal
{a,b}

Resolution

IF one clausel pair represents complementair literales

Delete the literal pair

Union of the clausel sets



Artificial Intelligence

Example

Prolog Notation

1.a- cUb
2.b
3.c f
4,¢c - dUe
5.d

6. e

a”?

AG Bio-/ Medizinische-Informatik



Artificial Intelligence
Depth search — PROLOG strategy

derivate (question)
sequential search a clausel with the head ,question”
IF clausel head not found
IF backtracking possible
choose next backtracking point
OTHERWISE return NO
OTHERWISE
IF pramisse empty return YES
OTHERWISE

FOR ALL literals B, of the selected clausel
call from left to right derivate(B,)

AG Bio-/ Medizinische-Informatik



Artificial Intelligence

PROLOG is based on that strategy !

Problem ?
Cycels are possible !

Example:
1.b

2.a« bUa
3.a

We ask for a ?

Infinite loop: seerule 2

AG Bio-/ Medizinische-Informatik



Artificial Intelligence

Medical or molecular knowledge server
1. Electronical Networks
2. Literature-Database systems

Medline etc.

3. Systematic storing of data
METAGENE,
OMIM

4. Internet and information systems

AG Bio-/ Medizinische-Informatik



Artificial Intelligence

Knowledge acquire

/A

\J

Knowledge automatic
Expert

Engineer
Semantic Interview Expert | | database ||learn || text
Analysis Case studies

Rule derivation

AG Bio-/ Medizinische-Informatik



Expert System

USER
Dialog-Tool T —{ Dynamic
“ :: | Basic mode
. - / asic mo
Explanation-Tool
Inferenz and
| control strat T ™
ontrol strategy
e _—""] Knowledge
K nowledge /
aquisition
Expert Knowledge Engineer




Artificial Intelligence

Problem of expert systems ?

a) Complexity of the inference algorithm

b) Handle rudimentary knowledge

In the case of medical diagnosis:

The diagnosis process of a doctor ,,seems to be like art*!

AG Bio-/ Medizinische-Informatik



Artificial Intelligence

New Methods to solve uncertainty problems:

Case based reasoning is one actual method !

ldea:
1. Define the case (parameters)

2. Select similar cases

AG Bio-/ Medizinische-Informatik



Artificial Intelligence

CYRUS-System
Janet Koldoner 1983

Yale University.

Question-Answer System:

Knowledge about different visits of the US mimister
Cyrus Vance.
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Artificial Intelligence

Database system

Expert system | nfor mation-
v Retrieval

Context of Case Based Reasoning (CBR)

AG Bio-/ Medizinische-Informatik



Artificial Intelligence

New case
Learned case
RETRIEVE
RETAIN /
Selected case

REVISE REUSE

Solved case

AG Bio-/ Medizinische-Informatik



Ramedis : Rare Metabolic Diseases Database

Web-based database and publication tool for inborn errors

- German Human Genome Project (DHGP)
- World-wide collection of seldom inborn errors

- Storage of patient cases

Cooperation with Prof. Dr. Trefz (Hospital Reutlingen)

[ Ramedis
[Rare Metabolic Diseases Database ]

AG Bio-/ Medizinische-Informatik



http://www.ramedis.de

An Biological Application: Urea Cycle Systems analysis

mitochondrial matrix

HCDf —p carthamoyl phosphate

NHe  cpad p
. . ‘ 1 . .
ottt thine—=— citrulline

QT
ornithine citrull ine
F
UrEa ASS [g—asp attate
*\.{ﬂ?HG REL - i |
Arginitie 4—;— argini n0suCH nate
fumarate

Key enzymesin regulation of ureacyclein cells.
CPS1: Carbamyl phosphate synthetase, EC 6.3.4.16;
OTC: Ornithine transcarbamylase, EC 2.1.3.3;

ASS:. Argininosuccinate synthetase, EC 6.3.4.5;

i ] ] ASL: Argininosuccinate lyase, EC 4.3.2.1;
1in 30,000 live birth ! ARG: Arcinton £C 353 1
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CASE:

Problem description

Symptoms with occurrence and labor values

Problem solving

Diagnosis or differential diagnosis

Addition

Infos: Doctor and history of the disease

AG Bio-/ Medizinische-Informatik



Case Based Reasoning

Query: similar case

Input (WEB mask):

sex, symptoms (5) and labor value (5) and ethnic birth

Case Retrieval (pre-selection)
Ramedis — pre-selection — partial equality (by Wess):
If one symptom or labor value is identical

=> element of the pre-selected case set

AG Bio-/ Medizinische-Informatik



Similarity calculation

The calculation of the similarity:

sim(case) = wl * sim(symptoms_case) +
w2 * sim(labsubst_case) +
w3 * sim(sex_case) +

w4 * sim(ethnic_case)

Variable wl - w4 are the weight values.

AG Bio-/ Medizinische-Informatik
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New Case Similar Case

/3 Ramedis: Rare Metabolic Database - Analysis Tool - Microsoft Intemnet Explorer

Database - Analysis Tool - Microsoft Internet Explorer
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Database Integration

SRS (Lion Bioscience)
PEDANT (BioMax

MOBY DICK

HUSAR

BioKleisli

What Is There (WIT)

Biology Workbench

Integrated Genomic Database (I1GD)
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Date Warehouse

@

\ \ Analyse
8 L, Visudisation
DATA s

cleaning formating —

/ Metadata —— -
— Data-Mining

—

(

More data-input
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Data-Mining

Data-Mining

Detection of new information based on the analysis of patterns or
rules inside the data (hugh).

Methods in use; Statistical analysis,
optimization and

computer based |earning.

What else ?

- Neuronal Networks,
- Genetic Algorithms,
- Clustering and Segmentation ...

AG Bio-/ Medizinische-Informatik



MARG — System Architecture
MARGBench

Tool
LN N x

L | } J\ _ BioDataServer

e ) BioDataCache

[ enomson MetabSIM
CORBA (cached)

JDBC (direct)
BioDataServer

Integrative modeling,
analysis and

of metabolic processes.

DFG Project



MARG

Network analysis: Problem and Algorithm

Application regarding object-oriented database systems

§ Path navigation § Minimum spanning tree*
§ Transitive closure § Smallest tree (Steiner tree)*
§ Shortest pathway § Boolean operations™®

§ Pathway Prediction § Interactive pathway synthesis

§ Clique search g ...

*not implemented yet

AG Bio-/ Medizinische-Informatik



Pathway Prediction

METABOLIC PATHWAYS
o
Metabolism of " Metabolism of
Complez Carbohydrates  Cofactors and ¥itamins

S\ =~

Metaholism of E
Complex Lipids S8

01100 430097

*Rudimentary data and knowledge is available

M otivation: Information system for retrieving and predicting of

metabolic networks.

AG Bio-/ Medizinische-Informatik



1. Given arudimentary metabolic pathway (some
genes, sequences, enzymes and metabolites), how
can we predict the complete gene controlled
metabolic pathway?

2. Given two gene controlled metabolic pathways,
how can we calculate the smilarity of both
pathways?

We have designed the web based system PathAligner.

AG Bio-/ Medizinische-Informatik



PathModeler :
Listof Metabolites | || 4 D] |2 @
. ﬂ Paﬂlway REtI‘iEVHl ‘]::: ....... AA Sequences e ——— :
List of Genes A X :
Genes
DNA Sequences Metabolic Information Retrieval Prateins -
* Enzyrmes BLAST
AA Sequences N — Py | Fe
Pathway View i St |
* b —————— Worrrretlt
Modeling data
Metabolic Pathways ¢
Pathway Alignment

//apogonidae.techfak.uni-bielefeld.de/mchen/pathaligner/



BiBiServ — PathAligner

Bielefelder
Bloinformatic

Server

J File Edit Miew Favorites Tools  Help

BiBiServ - Bielefeld University Bioinformatics Server - - Microsoft Internet Explorer

J Address I@ http: fibibisery bechf ak.uni-bielefeld. de/pathaligner [pathalignerd. html

BiBiServ
Bielefeld University Bio

Education

Administration

PathAligner - Retrieval

e Metabolic pathway reconstruction/retrieval

o Reconstruction query

Metabolite (Compound)
F |L—citru|\ine

Enzyme and/or EC number
2 |Brginases5.3.4.16

Gene
¥ [oTc

Amino acid sequence

mlfnlrillnnaafrnoghnfrmwvrnfroggplgnkvglkgrdllelknftgeeikyn
gevlplloggkslomifekrstrtrlstetglallgghpefleogdihlovnesltc
W |rvykgsdldtlakeasipiinglsdlyhpigiladyltlgehysslkgltlswige
fomnhlogastpkgyepdasvklaegyakengtklllondp leaahggnwlitdewis
gqoyivtmktakvaasdutflhe lprkpeevddevEiysprslvipesenr kvt iman
pkt

or upload fram local file Ero

Mucleotide sequence

CTGTGTTCACTSTTCGAGT TACTTCTTC TGGTGTCTTCCCCAGGGATGGETTCAC]
TCCTGAGAGTAGCCCTGTTTTGTAGATTTC TTC TGTGATGTAGLGACCTTCTCTG]
[T |ACGACTGGTGTGCCAGTAGCTGC TTCCTAGTAGATAGC TGAGTGTTTCTTCCATCE
AGTCTGTCCACTTCAGTCATTGAALLGTATTTAATGCCTAGAGTTTTCALALTGTE
CCACGTCTCTCARGCCAATATACACAATATCCTTGGCAGATATACAGGGAGTCACT
CACATCGGGAATCTTTCCTTTTAGTTCCTTC AGGAGGALAGATACAGGTTGTCCA]

or upload from local file | Bro

RESET |

Flease insert rudimental elements of the desired pathway. using "4 for multiple entries.

informatics Server

Links

a pathaligner - Results - Microsoft Internet Explorer

J File Edit V‘iew Favorites Tools Help |

J Address I@ http:fibibisery techf ak. uni-bielefeld. defcgi-bin/pathaligner_0

PathAligner - Retrieval B

« Metabolic pathway retrieval
o Result

Yfour guery contain compounds:
L-citrulline

Your query contain enzymes:

Arginase 6.3.4.16

Your query contain gene names:

oTC

Your guery contain protein sequence:

mifnirillnnaafrnghnfmyrnfreggplgnkvglkgrdliltiknftgeeikymiwlsadikfrikgkgeylpligg

It most likely belongs to the following pathways, if any! ;-]

# Urea cycle pathway::6.3.4.16->2.1.33>6.3.45>43.21>3531
tore info aboutthe ECs | Aligning against database |

K
@

 Or your designed pathway::l

tore info aboutthe ECs | Aligning against database |

(C) Ming Chen

-

@ Done

I — 2

3
A

rrr-

ocal intranst




BiBiServ — PathAligner

Bielefelder

Bloinformatic

Server

athaligner - Results - Microsoft Internet Explorer

| Eile  Edi

YWiew  Fawvorites Tools Help

J Address I@ http:fbibisery, techfak, uni-bielef eld. defcgi-binf pathaligner _EC

BiBiServ

BEETEE. The pathway EC entry is:

Bielefeld University Bioinformatics Server

h EC : i GeMetWiew Dirug URL link to
u RS Kim Reaction Gene Factor (Biobase password protected) i thrget ExPASy
= EC ]
ba E341E Km Eeaction 1373(CF31) - 6.3.4.16
- — EE: : HMF-dalphal 100372, HMFE-dalpha2 02420 HME-
_< 2133 KmBeaction SOOOTC) 4 1TD475 EEPbetallN459: EBPalphalliins: o = B
- £5gs KmBeaction 445(ASS) - 5345
| EC  Km Reaction 435(ASL) ; 4321
[} EoE ] fepRea e =
ﬂ- =0 : SEI ARG
3531 Kim Feaction 3E4(ARG2) - e R |

PathAligner - Retrieval

= Metabolic pathway retrieval
= Mletabalic information

5.3.4.16\2.1.3.346.3.4.5V4.3.2.113.5.3.1

KEGG Associated Pathway(s)

* h=sal0220 Urea cycle and metabolism of anino groups

EC 2.1.3.3
EC 3.5.3.1
EC 4.3.2.1
EC 6.3.4.5
EC 6.3.4.18

* h=a00251 Glutamate metabolism
EC 56.3.4.16

* h=a00252 flanine and aspartate metabolism
EC 4.3.2.1
EC 6.3.4.5

e h=all3i3l Arginine and proline metabolism
EC 2.1.3.3

-1

1

a5

.16

* h=al0910 Hitrogen metabolism
EC 6.3.4.16

=

L]

oy

o
Ll

(C) Ming Chen
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BiBiServ — PathAligner

3 pathaligner - Results - Microsoft Internet Explorer

J File Edit wiew Faworites Tools  Help

J Address I@ http:}bibitest techfak, uni-bielefeld. def cgi-binfpathaligner_bioprml

PathAligner - Retrieval

« Metabolic pathway retrieval
= BioPMNML code export

RESULTS The pathway EC entry is:

| 6.3.4.16112.1.3.3116.3.4.5W4.3.2.1143.5.3.1

Bielefelder

~ 0 <?xml wersion="1.0" encoding="UTF-5"2> ﬂ
. - i ooy <!DOCTYPE net SYSTEM "BioPNHL.ded"s
loiIntformatic [
=

<Petrinet id="pnl" type="Hybrid":>
<place id="6.3.4.16" type="continuous":>

<namwe id="0"x
<LEXtr6.3.4.16</Cexts
<waluesrml</wvalus:

</ name>

<graphicss>
<sizexl0</sizex
<position x="-zZ0" w="10"/>
<colorrred</colors

Server

PathAl

</ graphics>
<initislMarking:
<waluerl</value:
</initialMarking>
<annotation>
<nate </ nate >
<TypeRef/ >
<zpeciesrhuman</species>
<location/ >
<concentrations1(mM) </ concentration>
<conment/ >
<fannotation:
</ places>
<transition id="tg.3.4.16" type="continuousT:
<PathRef/ >
<reaction name="reaction 1" reversihble="false">
<enzymer6.3.4.16</ enzymes hd

Sawve as |
TmnﬂamimmlSBML 'I Goq

Mote: Due to its unrmature, XMLRSLT might not support all functions. The XSLT file is available upon request.

) | (C) Ming Chen -
2|
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BiBiServ — PathAligner

E7 Editor
File Edit

Dialog  Window Help

I [m] oy

NN Ol=Ol=(dl==] b L] [oe]a]dm @] s %= &

ARG

m23

E%I ['.‘; C:iProgram Files)javagondisttestiest2.gon
= e
— L-ornithine miz2
=
Carbamoyl_phasphate mii
1
al3
aly o
[ | 0 i .
reaction_3 a1l 21.3 BQm'I i} dlphosphate@m??
% 1.0%14 1.0 q 1@
phosphate 4 16 AMP  m21
> & ©
Jldldl 1.0
1 . 1 a44
IE ar reaction_4
2= 228 110
[ NH3 _ m3 reagtion_11) m13 19
» 1 1.0 14 reactiofi~f —(L—arginmsuccinate
ﬁ ad X 1.0 ;
& .0 a
q coz2 P ald
T @ reaction_8 4
10 =
1
* 1.0
45 19 adl
; N
: 1] oTC mi4 ( 1.0
) 1 1
reaption_3 1 CIEBFbeta  m14a .'
1 a3l
fumarate
1 alg a8 100
b reaction_7
10 oSt 2, 1
al0
az0 a3l
ADP & mBE 1.1 CIEBFalpha  m1g
@ 1.0 25510 mza
1 1 1
CPSh_ m3a a3 a2z 1
carbamoylphosphate 4 ma . 0 1.5
@ 1
1 HMNF-dalphal _/m17 HnF-dalpha2, mi18
1 1

[

ma3z

1 ads
rebBticr afd31

adE* 1.0

N EmRIE

m30

urea m3t

deleted.

totalifree:1 27 MB/95ME
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Alignment

Given alist of letters, METBOLIWAY and TABOLIXYZ, a
good alignment might be:

VET- BOLI WA

T
TABOL| - XvZ

Many possible alignments (e.g. Dynamic programming algorithms) for two
pathways, and different alignments may have different scores.

Our approach: successive enzymatic reactions alignment

M. Chen, S. Lin and R. Hofestddt
STCDB: Signal Transduction Classification Database.

Nucleic Acids Research, 2004, 32(1): D456-D458



Comparison of metabolic pathways

» Horowitz, 1945: Retrogr ade evolution, Sequential “disappearance’ of key intermediary
metabolites induces the recruitment of similar available substrates via new enzymes.

» Jensen, 1976: Substrate ambiguity, Enzyme recruitment from a pool of ancestral
enzymes with basic functions and substrate ambiguity. Ordered regulated pathways
evolved from these ancestral enzymes by gene duplication, followed by increased
specialisation.

e  Huynen, Dandekar and Bork (1999)

— Citric acid cycle
— Trendsin Microbiology (1999)
» Dandekar, Schuster, Snel, Huynen and Bork (1999)
— Glycolysis
— Biochemical Journal (1999)
» Cordwell
— Glycolysis, pentose phosphate pathway, tricarboxylic acid cycle
— Archivesin Microbiology (1999)

« Y. Tohsato et al. (2000) proposed a multiple (local) alignment algorithm utilizing
information content that is extended to symbols having a hierarchical structure.

 Forst C.V. (2001) combined sequence information of involved genes with information
of corresponding network.
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Let S be afinite set of EC numbers.
-

T

S* isapathway (ge,..e,)
ne length of Eis |E|.

T

ne empty string (EC number) ise.
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Edit Operation

An edit operation is an ordered pair

(ab)! (EE{e}) (EE {&})\{(eO)}

An edit operation (a,b) iswritten asa® b.
There are three kinds of edit operations:

a® e deetion of the enzyme a
e®Db Insertion of the enzymeb

a®b replacement of the enzyme a by the enzymeb

notice that e® e never happens.



Alignment

Let P,=p,p,...p, and P,=p,/'p, ...p, be two metabolic

pathways.
An alignment of P, and P, Is a sequence

(a,®b,,....a,®Db,)

of edit operations such that

P,/=a,,...a,and P, = b,,..., b,.

AG Bio-/ Medizinische-Informatik



The alignment

A= (2423®24.24,3.545® ¢ 3.1.3.5® 3.1.3.5, e® 2.7.4.9)

of the pathways
€ 4238354563135 ANA € 454631358749

IS written as follows:

22423 3545 3135 e §
§2424 e 3135 2749

AG Bio-/ Medizinische-Informatik



Similarity function s

S assigns to each edit operation a nonnegativereal number.

s (a,e) and s (e,b) of the edit operation (a,e) and (e,b) i1sO.

For all edit operations (a,b) ate ble say, a = d,.d,.d,.d,
and b=d,’.d,’.d;’.d,’, then the similarity function s (a,b) Is
defined by:

[ 0,if (d d));
0.25, if (d;=d; and d,! d,’);
s (a,b)= < 0.5,if(d=d;’ and d,=d,” and d;' dy');
0.75, if (d,=d;” and d,=d,” and d,= d;’ and d,* d’);
1,if (d=d;/ andd,=d,” andd,= d;’ andd,= d,’ i.e. a=b).
N
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The similarity s (A) of an alignment A=(a,® b,,...,a,® b,) Is the
sum of the costs of the edit operations:

S(A):_éh.s(ai® b;)

2423

3.5.4.5

3.13.5

27414 I

2424

3.13.5

2749 I

s (E,,E,)=1/4(0.75+0+1+0.75)=0.625
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PathAligner

rosoft Internet Explorer ner - Results -

crosoft Internet Explorer

J File:
J Address Ia http: /ibibisery techfak, uni-bielefeld, de/cai-bin/pathaligner _L ;I @Go
- - -
BIBIseI H, : o . PathAligner - Alignment
Bielefeld University Bioinformatics Server
BiBiSery - Bielefeld L

Education < Administration ™. B Links s E-E Pathway Alignment
o EC number pattern based

Edit  Wiew Favorites Tools Help |

H Address [&] http:/fbibisery techfak. uni-bielefeld. dejpathaligner /pathaligner 1. html =

PathAligner - Alignment
Your first pathway is:

« Pairwise alignment 6.3.5.5-»2.1.3.3-»6.3.4.5->4.3.2.1

o Enzyme-Enzyme pattern search

Scoring: 0.75
arginine biosynthesis 1:2.1.3.3->6.3.4.5->4 3.2.1

= Paste your metabolic pathway(s) as an EC number sequence, e.g. 1.1.1,1-52,2.2.2->3.3.3.3. EC numbers may be
found by using ECsearcher.

o Pathway 1:

6.3.5.5->2.1.5.3->6.5.4.5->4.3.2.1 =]

& Pathway 2

6.3.5.5->2.1.5.2->3.5.2.53->1.3.3.1->2.4.2.10->4.1.1.23 =]

Scoring: 0.70
Urea cycle pathway::6.3.4.16-52.1.3.3-56.3.4.5-4.3.2.1-»3.5.3.1

rosoft Internet Explorer

Fgvorikes  Tools  Help

http:fbibisery. tachfak,uri-bielsfeld.de/cgi-bin/pathaligner 1L

PathAligner - Alignment -

Unhvers e Bielered —
s E-E Pathway Alignment

o EC number pattern based

RESULTS ‘Y our first pathway is:

| 6.355->2.133->6345-=4321

1 s

The second pathway is:

6.3.5.5->2.1.3.2->3.56.2.3->1.3.3.1->2.4.2.10->4.1.1.23 Scoring: 0.60
arginine biosynthesis 4::1.4.1.3-22.6.1.13-72.1.3.3->63.4.5->43.2.1

Scoring: 0.33

PathAligner

(C) Ming Chen Scoring: 0.60
arginine biosynthesis 111:6.3.5.5->2.1.3.3

|_|:'4| | _l;I

»
|&] pone [ [ |8 cocalintraner | &l oone [ &8 Localintranet 7

Bielefeld University Bioinforma

BiBiServ

N




Discussion

Goal of ,,Systems Biology*

Virtual Cell

Tasks of Bioinformatics

- Electronical infrastructure
- Information fusion
- Handle the time complexity (Al methods)

- Visualization
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