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“Biloinformatics is the science of
managing, mining, and interpreting
Information from biological data”



Biological Information — What is It?

Werner Gitt'*, Robert Compton® and Jorge Fernandez®

'German Federal Institute of Physics and Technology, Braunschweig, Germany. Former

Henad of Infarmatinn Technnlaov Directar and Professor (retired| 2Denartment of

I[HpopMaUia B reHOMI, KOMYHiKkauinHi mepexi PHK |
BIfKIiB, MDKKNITUHHA KOMYHIKaUis (CUrHaniHr) B
perynauii npouecis Ha PiBHI KNITUHW Ta OpraHiamy

The title of this symposium is “Biological Information: New Perspectives”. But
what do we mean by the term “biological information”? We suggest that, at pre-
sent, it cannot be unambiguously defined. Yet, an unambiguous definition would
be extremely helpful because multiple levels of communication systems are being
researched: from the DNA-coded information in the genome, to the intra-cellular
communication networks involving RNA and prntein-s, to inter-cellular signaling

" via entities such as hormones, all the way up to and including the nervous system

—and the brain. Clearly, identifying all of these communication systems and defin-
ing the information that is being transferred will be a challenge.
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Carriers (Hocii) of linear biological information

Object Monomers Types of Approx. length
monomers (nbases)
Gene (deoxyribo)- 4 (AGCT) 10,000 -100,000
nucleotides
Transcript (ribo)-nucleotides 4 (AGCU) ?<50-10,000
Protein Amino acids 20 + modified 50-1,000 or >
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COTCATTAC TG TCAACCC TTCAC TTCCAGGCAC TTTTTGCAAAGC CCTTTGCCAGTCAGS 1 D b : I H I
GAAGGCGAGAGGCTGEECATGGEECTTEGACATTTGACAACAGTGAGACATTATTGTCCC I O O g I C a
CAGACTCAC TAGCCCAAGGETAAAGC THAAGAGGC TTEGGCATGC COCAGARAGGCCCCT
GATGAAGC TTGGAAARAGC TG TTC TC TEAGTATTTC TAAGTAAGTTTATC TG TG TG TETS I n fo r m a t | O n .
GTTACTAAAAGTAGTAAGTATTGC TG TCTC TAGC TECC TTAGAGCAGGGC TTGACACAGT .
ACACAGCAATATTAGTTC CC TCC T T T TeAC e To OO e CATTG TECAGATAAAC TCARTC
ACAAAAGETEATCC TCAGTC TACTCAC TTC CC TEAC TTATGGATGCC TEGACC CATTECC S e q u e n C e S
AGTETGAGAGTCACAGC TEGACGTCAGCAGTE TAGCCCAGTTAC TEC TTGAAAATTGC TG

AAGGGGETTEGGGEECAGC TECCGECAAAAAGGAGTCTTGGATTCAGATTTC TG TCCAGA
COCTGACC TTATTTGCAGTGATG TAATCAGC CAATATTGGC TTAGTCC TG GGAGACAGCA
CATTCCCARTAGAGTTGGARGTGGGGGTEETRCTGCTGCCARCT CTATATAGGGAGTTCA
ACTEETCACCCAGAGCTRTCCTGTGRCCT CTGCAGCTCARCATGGCTAGGGTACTGGGAG

L]
CACCCGTTGCACTGGGGT TGTGEAGCCTATGCTHGTCTCTGECCATTGCCACCCCTCTTC E G e n e Of h e m O p eXI n

CTCCGTEAGTAARGC TGGEAC TAGAAGCGAAGGATTGAGTTC TEGGC TAGGETAAGGTAS
GECCAGTTTTTAGGC CTC GG TCARA TTTHGGETCAGGEGC TATGHGARAGGGATC ST ( a b O u t 1 1 OOO n b )
CAATGEATCAAGATATC TATTTTGTTC To C C TAGBACTART GCCCAT BGEGAATGTTGCTG )

ARGECGAGACCARGC CAGAC CCABACBTRACT BETGAGGCC C THACTC OO TARGTC TETC
TTATC TETC TG TTG TG TO T THCATTTTATC ACC TTC TGS TTTTTTTTTTTTTTTTTTT
TTTTTTTTTTTTTTTTTAC TTTECCATC ToCC TAC S TECACC CCAGRRCEC TRC TCAGAT
GECTEGARCTTTGAT GCTACCACCCTEEAT GACAAT GEARCCATGCTBTT TTT TARAG ST
AGGAGGEAC TEAGETTAGGEC 3 TTTAGGAC CTTAGACTTAC TCTCC TTCAC AR AGEETET m R N A ( 1 6 5 2 N b )
CeCTETC TG TGGEAGETC TTAGGAATTATC TEATGGTATCAC TEACAGC TTC T TCAAGT

TATCTCAGTAGGTC ARAGETTTE TCAC THEECC OO TCAGTEAGTE TEHGTTTTTTC AGEE
GAGTTTGTGTEGAAGAGT CACARAT BEGAC CBEFAGTTAAT C TCAGAGAGAT GEALGAAT
TTCCCCARCCCTRTREAT GCTGCATTCCBT CARGGT CACAACAGTETCTT TCT GAT CALG
GTAC TGO TEEEC CAAAATCAGEEC CAGEE TEEAAAGEEC TEEAATCEACAC TEEGEACCE
TTCCCCCARRTGEC C TTGEC ATGGAGC CCATAGCAATAGGTAGCAGATTTC TTTC CCATS
TGCCC T C TTTCC TG TARAAGC TTE GG TAAGGGAG TG TECATGC ST TEGGC U TEGCAS
GTECACCATCCAGTGEC TETTO TTCAGTE C TAGTE TTAG TTE TAC AC S G0 TC TEC TETAS .
CTCACACTGCTGEE AT CTTTTTTTC Te TEEC AR T TG TTE CC TTECC TTC CATEACCC P ro t e | n ( 4 6 2 a a )
TGTATCAAGTCCTC TTC ATAGEGCAAGECAAGTTGTTCC CAACAC AR TGECACC TEGCTA
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BT T T TEC TeAGASE AL CEEETEC O TTTTO :}gl | 1 13 2 15 E l I rEf I HP_DDD ED'q . 1 | hEI’nDpE:-:in prECHrSDr [ Horo Sap iens ]
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Levels of protein structure: primary (sequence),
secondary, tertiary, quaternary
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http://www.ncbi.nlm.nih.gov/geo/
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Gene Expression Omnibus

GEO Publications

FAQ MIAME

Email GEO

NCBI » GEO

Login

Gene Expression Omnibus: a public functional genomics data repository supporting MIAME-compliant data
submissions. Array- and sequence-based data are accepted. Tools are provided to help users query and download
experiments and curated gene expression profiles. More information »

GEO navigation

:1 DataSets ‘ ‘
€ Gene profiles )
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% GEO accession H
L GEO BLAST |
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:1 DataSets ‘ ‘:1 Platforms
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Site contents

Public data
Platforms
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Documentation
Overview | FAQ
Submission guide
Linking & citing

Journal citations
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Construct a Query
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OXFORD

ACADEMIC

Konekuii nocunanb http://nar.oxfo

Nucleic Acids Research

rdjournals.org/

Issues Advance Articles Publish Purchase About ¥
Research Impact Factor . q
9.202 77
5 year Impact Factor .
8.647 About the journal

9 8

Nucleic Acids Research [NAR) is a leading Open Access journal, which has been chosen

Senior Execut

Current Issue
Volume 45, Issue 4
28 February 2017

Keith A
Barry Sto

Database issue ]

The issue includes 152 papers, of which 54 describe newly
created databases. 82 papers provide updates on databases
that have been described in the previous NAR Database Issues,
and 16 contain updates on databases whose descriptions have
previously been published in other journals.

View the issue

e - s

2016 Web Server issue ]

The papers in this issue reflect current and emerging trends in
bioinformatics and computational biology. Of particular
interest are recent works which move beyond an
understanding of bio-molecular phenomena toward an
emphasis on the development of engineering tools to exploit
that understanding.

View the issue
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http://www.1000genomes.org/about

IGSR: The International Genome Sample Resource

Providing ongoing support for the 1000 Genomes Project data

Home About Data Analysis Participants Contact Browser FAQ

About IGSR and the 1000 Genomes Project

The 1000 Genomes Project ran between 2008 and 2015, creating the largest public catalogue of human variation and genotype
data. As the project ended, the Data Coordination Centre at EMBEL-EBI has received continued funding from the Wellcome Trust
to maintain and expand the resource. The International Genome Sample Resource (IGSR) was set up to do this and has the
following aims:

1. Ensure the future access to and usability of the 1000 Genomes reference data
2. Incorporate additional published genomic data on the 1000 Genomes samples
3. Expand the data collection to include new populations not represented in the 1000 Genomes Project

The 1000 Genomes Project
Overview of the 1000 Genomes Project

The goal of the 1000 Genomes Project was to find most genetic variants with frequencies of at least 1% in the populations
studied.

24




http://www.sanger.ac.uk/genetics/CGP/
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Cancer.-Genome
Project =

Genomics & Genetics

The Cancer Genome Project

Overview 5

CGP E: All cancers occur due to abnormalities

-’E in DNA sequence. Throughout life, the genome
4 e .

Stratton p within cells of the human body is exposed to

Tt E mutagens and suffers mistakes in replication.

These corrosive influences result in progressive,
subtle divergence of the DNA sequence in each
cell from that originally constituted in the
fertilised egg. Occasionally, one of these
somatic mutations alters the function of a critical

Cancer Gene Census

|5ea rchl

Cancer Gene Census:
Mutated genes causally implicated in
human cancer.

COSMIC:
Catalogue Of Somatic Mutations In
Cancer

cosmic gene, providing growth advantage to the cell in
CGP Resequencing Studies which it has occurred and resulting in the
Copy Number Mapping emergence of an expanded clone derived from CGP Resequencing Studies:

this cell. Acquisition of additional mutations, and Somatic mutations from systematic large
NCI-60 consequent waves of clonal expansion result in scale resequencing of genes in human
Planned studies the evolution of the mutinous cells that invade cancers.
; - T surrounding tissues and metastasise. One in
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Our Science Our Projects Data & Tools User Program Info News & Publications

Our DOE Mission Areas DOE Bioenergy Research Centers Science Programs Science Highlights Scientists at JGI

>+ Our Science . http://jgi.doe.gov/our-science/science-programs/

Science Programs

Plant Program . .
Fungal Genomics Plant Genomics

Fungal Program
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http://www.ebi.ac.uk

EMBL-EBI Services | Research | Training @ About

The European Bioinformatics Institute EMBL-EB|

Other EMBL locations >

The home for big data in biology

At EMBL-EBI, we use bioinformatics — the science of storing, sharing and analysing
biological data — to help people everywhere understand how living systems work, and

what makes them change.

Find a gene, protein or chemical:
R

Examples: blast, keratin, bfl1, Janet Thornton ...

Explore EMBL-EBI

Services >

Industry > ELIXIR >
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Other European resources http://www.expasy.org

—XPASY

Bioinformatics Resource Portal

Query all databases | x
Visual Guidance ExPASYy is the SIB Bioinformatics Resource Portal which provides ac
Categories scientific databases and software tools (i.e., resources) in different area
sciences including proteomics, genomics, phylogeny, systems biology, pc
et sl genetics, transcriptomics etc. (see Categories in the left menu). On this pc
genomics find resources from many different SIB groups as well as external institutions

structural bioinformatics

systems biology Featuring today

phylogeny/evolution

Protein Spotlight
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biophysics [details]
imaging

IT infrastructure

drug design



https://www.france-bioinformatique.fr

- - W
¥, .
f% l‘fb Fxl'e‘nch Instl.tute °" " Services and cloud ~ Trainings ¥  Platforms ¥  Events ¥  Aboutus v
/‘7‘ Bioinformatics
» .
. ‘. :
/ Formations en Bioinformatique V / Z

s L'IFB propose des formations en bioinformatique pour la .' i

recherche biomédical et les sciences du vivant.

RN

CALL OF PROJECTS | SUPPORT REQUEST WORK GROUP JOB OFFERS JOIN IFB IFB CLOUD



https://www.helmholtz-muenchen.de/ibis/

IBIS Institute of Bioinformatics and Systems Biology HelmholtzZentrum miinchen

German Research Center for Environmental Health

Institute News Resources Publications Staff Service search term Q

Institute of Bioinformatics

and Systems Biology

Welcome to the Institute of
Bioinformatics and Systems Biology

Welcome to the Institute of Bioinformatics and Systems Biology

Director (acting)

We analyse and interpret biological data to capture information on the etiology and Dr. Gabi Kastenmiiller
progression of human diseases. Our focus is on qualitative and quantitative modeling, on the B Email
interconnection of metabolic profiles with genetic variance, on the systematic interpretation of Phone +49 89 3187 3578
high throughput data and on the systems biology of small molecules.

Groups and research topics all News

Contact

Helmholtz Zentrum Miinchen

Curatioz of Human Disease 30.03.2017 - . German Research Center
@ Networks > P SNiPA v3.2 (released in for Environmental Health (GmbH)
ntPH March 2017) > Institute of Bioinformatics and

Systems Biology

Metabolomics > .
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https://www.molgen.mpg.de/en/bioinformatics

FOR MOLECULAR GENETICS

AeouTt Us PueLic ReLation | RESearcH | Young ScienTIiSTSs |

Joe OFFERS

ComputatioNaL MoLEcuLar BioLogy

Department ;’
g prtational Department Computational Molecular Biology
Molecular Biology

(Martin Vingron) Computational biology studies biological questions with mathematical
and computational methods. In the area of molecular biology and
genomics, the possibility to apply such formal methods, of course,
comes from the availability not only of genome sequences, but also of
large amounts of functional data about cellular processes.

Groups Computational molecular biology encompasses both development and
adaptation of methods in the areas of mathematics, statistics, and
computer science, as well as pursuing biological questions applying
Team these tools and close collaborations with experimentalists. The research
interest of the Computational Molecular Biology Department lies in
understanding gene regulatory mechanisms in the context of structure
and evolution of the eukaryotic genome. To this end, mathematical,

Martin VYingron

PuRe Publications




http://computing.bio.cam.ac.uk
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