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m Sequence database searching, theory and practice (Dave
Judge and Jack Leunissen)

m Nucleic acid databases, Medline, Pubmed (David Landsman)
m Protein databases, Swissprot, Prosite (Elisabeth Gasteiger)
m EBI| Services (Dave Judge)

m Gene discovery (Luciano Milanesi)

m Genome analysis (Martin Bishop)

m |CGEB services in domain prediction and DNA structure
analysis.



Bioinformatics

Knowledge-representation in molecular biology
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An overview of bioinformatics

m History and development

m Models:

* Sequences,
e 3D structures
* Networks

m Similarity and classification:

* database search,
® consensus descriptions

m Integrated resources
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Sequences

Representation of biological knowledge
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Bioinformatics milestones 1

1967 - Peulisie)’s trizary of molscllzr avolttor)

196ya=IViargaretibaynoi-SIAt SOOI SEFUE

1970 - Needleman-Wunsch algorithm
m 1977 - DNA sequencing and software to analyze it (Staden)

m 1982 - Phage labmda genome

m 1983 - Database search (Wilbur-Lipman)
1985 - FASTP/FASTN: fast sequence similarity searching
1987 - Sequence profiles

1967a= ENBISNGENDaARNKSSWISS=EIotidatainas




Bioinformatics milestones 2

1986 = NationalfCenterion Biot helogyilniormation(Us)

1986 = ElBnetnetworkiiordatakase distrbution
m 1990 - BLAST: fast sequence ssimilarity searching

m 1991 - EST: expressed sequence tag sequencing
= SangerCentrie;sinxton; UK

4= ENVIBIE EUropeaniBioiormaticsinstitute;  Hinxton; |

m 1995 - First bacterial genomes

m 1996 - Yeast genome

m 1997 - PSI-BLAST

m 1998 - Worm (multicellular) genome
m 2000+ The rice and human genomes.
m Microarrays



T'he ingredients

m Data collection technigues (DNA sequencing, protein
sequencing, microarrays)

m [heoretical milestones (concepts of DNA structure,
protein structure, evolution)

m Algorithms and programs (BLAST, FASTA)
m Databases
m |nstitutions

@ Genomic data
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The evolution of bioinformatics

bicinformatics in the 80s

primary databases containing understanding functions and
large-scale experimental data utilities of individual genes
in genomics and proteomics or proteins

bioinformatics now

secondary databases (knowledge understanding functions and
bases) containing accumulated utilities at the molecular,
biological knowledge cellular and organism levels

biocinformatics in the future

a complete computer understanding basic principles
representation of the cell » of the higher complexity of
and the organism biological systems




Bioinformatics is an approach to biology...

bioinformatics now bioinformatics in the future

mathematics informatics mathematics informatics

physics biology physics biology

chemistry medicine chemistry medicine




BIOINFORMATICS

INFORMATICS




MODELS
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Sequences

Diagrams (hydrophobicity plots, helical circles)

Molecular structures

CIPKWNRCGPKMDGVPCCEPYTCTSDYYGNCS

Extended sequences Domain-cartoons
(e.g. disulphide-topologies) (sec. str. cartoons) 3D structures
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3D cartoons



Structures As Database Records

|dentification
Name of protein
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A structural model

Do AR

Substructures - Relationships

Structure

Entity-relationship model
Pongor, Nature, 1987

Susbstructures, relations, rules = onthology



Molecules change

?ESCRIPTION \
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Models
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SEQUENCES 3D STRUCTURES NETWORKS

A structural model




m SEQUENCES




LANGUAGE
Sequences as language
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Character strings, computer-languages,
Chomsky et al, etc.



LANGUAGE

T'he language of bibliographies
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Keyword-collecttions, onthologies, etc.




m 3D STRUCTURES




Chimie dans I’espace

Van t'Hoff
1852-1911



Some molecules are more equal then others...

... This figure is purely diagrammatic. The two ribbons
symbolize the the phosphate-sugar chains, and the
horizontal rods the pairs of the bases holding the chains
together. The vertical line marks the fibre axis”




3D OBJECTS

Protein models




m NETWORKS




TOPOLOGIES,
GRAPHS  Small molecules — classical graphs

Loschmidt, 1861 Kekulé, 1865

Van’t Hoff, 1898

Crum Brown, 1861 Cayley, 1872




Genomes, assemblies

Similarity group  Neighbourhood

8
Cf{k Genome Metabolic

Complexes thwa
Tree-hierarchy P pathway

-
S ’

Entity-relationship models
Genetic network Food network Topological meta-models
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SIMILARITY, CLASSIFICATION




The concept of similarity I

Shared context

Shared parts

...easier if modular



.
Multiple Objects

Structural similarity

CGPK-MDGVPCCEPY

CGGQNWSGPTCCASG

CSPTSYN---CCR-- |__|

CSRLMY---DCCT-- | PN

CIPYYL---DCCEPL % A “asanniy® Gﬂ
Similarity groups

or neighborhoods Multiple alignments Evolutionary trees

Context (function)

-

—

Subunit structures, . Trajectories
Metabolic pathways ligands Genomes




Shared
parts

Similarity ot molecules
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Substructure identity ~ similarity

£-0

"The similarity of objects can be best described as
partial identities of components and relationships

Erich Goldmeier, The similarity of perceived forms, 1936



Quantification of sequence similarity

Range of Alignment

Score ~ sg like an edit distance




Sequence comparison

1. Find region of alignment (fast)

2. Calculate similarity score (fast)



3-D comparison

1. Find region of alignment (slow)

2. Calculate similarity score (fast)



welboud | SV19

EXPECTation Threshold
(E parameter)

v
10000

6336 1688 |
6310 4648 1618
3980 3030 886
2510 2144 706
1580 1438 438
1000 1000 272
631 728 185
398 543 141
251 402 103
158 299 63
100 236 43
63.1 193 15
39.8 178 18
25.1 160 17 |:
15.8 143 7 0:
SEOO3555555555555555> Expect = 10_0, Observed = 136 <<LLLLLLLLLLLL LKL
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1.58 127 0 |
1.00 127 1 0:
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0.40 126 4 |:
0.25 122 0 |
0.16 122 0 |
0.10 122 0 |
0.063 122 0 |
0.040 122 0 |
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0.016 122 1 0:
0.010 121 0 |
0.0063 121 1 0:
0.0040 120 0 |
0.0025 120 1 0:

(T6°T°Z € Dd) HASYINTTHAD 99°G¥T
¥OS¥NDOEEd I HASYNVONTOOXH LL"GVT
NIZIOYd SNIANIE HSOTATTHD Z8°2ST

6/2 "IYY YOLIGIHNI HSYTANY-YHATY 9€ " LSY

NOILAI¥OSHEA HIO0DS HONIANDES

Observed Counts-->

¢ sSaljleiuls

SIS

1S9q JO }SI| paxjuey

- N o <

(oseagejep) dno.ub
e 3Im aouanbas auo buriedwos :AjLiejiwis buisn

auoz ybiybim |



Using similarity: comparing a group with itself

CGPK-MDGVPCCEPY

‘ - CONWSCETREASC ‘ Mathematical consensus

CSPTSYN---CCR-—-

CSRIMY - ——DCCT—— for database search
CIPYYL---DCCEPL

Similarity group Multiple alignment
or neighbourhood Regular expressions
Consensus sequence
Frequency matrix

o e Markov chains
Naﬁ}ﬁe;g, Neural networks

TR ‘g etc.
SRR -?‘.Ea_-f"f'ﬁ
b.._ b, H?:J;i%?},_fﬁ'%
i, YR 4

CLUSTAL program Publish



The database as network of: similarities:
A memory network model




Das Wohltemperierte IDatabase:
Similarity network as'a knowledge representation

Se‘l/'

“« .~——non-self

Knowledge-base of meaningful similarities
Signal and-noise distinguished



Similarities: a practical overview

SEQUENCES 3D STRUCTURES NETWORKS

Bulk “Glycine-rich” “a-helical” e
Substructure- 272
alignment —

Motifs G-RR %




Biological knowledge as a network of data

The world according to a PC...

Text (keyword)

Similarity
|

Bibliograpy

Ta.xo.nor.nic Structural
=Ll Similarity
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(Taxonomy) Structure

(Genomes

Nucleotide Nucleotide Proteln\ Protein
. sequences Sequence
Sequence sequences -queh
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Source: NCBI



Search on a preprocessed, integrated database:
the importance of a good neighbourhood

3D Structures
Proteins

DNA s ®

Blast
+ +
Unknown DNA Derived protein . Literature
query EECIIES abstracts



The concept of similarity Il

...Easy for humans, hard for computers



Models are human constructs...

)




Models are human constructs...

® THIS IS NOT A MOLECULE ©




The central dogma:

Dogma, paradigm, mythology



New central dogma:
Seltf-assembly, catalysis, replication, networks

Metabolltes

= R

DNA — RNA —pProtein

\/

Initiate, elongate, terminate, fold, modify, localize, degrade

Evolution + Self assembly, Systems biology




Summary of topics discussed

m History and development

m Models:

* sequences,
e 3D structures
* Networks

m Similarity and classification:

* database search,
® consensus descriptions

m Integrated resources, knowledge integration



Summary of the introduction

m Bioinformatics is the science of biological information or rather a
computer-based approach to biological problems.

m All kinds of biological data are structures defined with entities
and relationships (metabolites, genes, networks).

m Typical tasks: Similarity search, categorization and clustering

m Simultaneous handling of many, complex datatypes




On-line help to this lecture

[]

http://www.ebi.ac.uk/2can/home.html
[]

http://www.icgeb.org/~netsrv/
[]

http://www.icgeb.org/~netsrv/netcourse.html



Reading about bioinformatics

Bioinformatics

BIGINFORMATICS ALGORITHRMS

PROTEOMICS SEQUENCE - EVOLUTION - FUNCTION:

'ﬂm_mm

In depth introduction Evolutionary principles

Genomics research problems Math principles



