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Outline of talkOutline of talk 

Biological data growth in Biological data growth in postpost--genomic genomic eraera  

Bioinformatics resourcesBioinformatics resources  development development   

New IT solutions for bioinformaticsNew IT solutions for bioinformatics  



““Bioinformatics is the science of Bioinformatics is the science of 

managing, mining, and managing, mining, and 

interpreting information from interpreting information from 

biological databiological data” ” ** 
 

*- http://bio.informatics.iupui.edu/biokdd10/ 



BIOLOGICAL DATA GROWTH BIOLOGICAL DATA GROWTH   
IN POSTIN POST--GENOMIC ERAGENOMIC ERA  

  



Biological data growth in postBiological data growth in post--genomic eragenomic era  

•• Information flowInformation flow  

•• New ‘New ‘omicsomics’ era’ era  

•• Worldwide Worldwide 
projectsprojects  



Biological information carriersBiological information carriers  

Object Object   Polymer Polymer   MonomersMonomers  Types of Types of 
monomono--
mersmers  

Approx.Approx.  
length length 

((nbasesnbases))  

Biological Biological 
functionfunction  

Template Template 
for for 

synthesis synthesis   

Gene DNA (deoxyribo)-
nucleotides 

4 (AGCT) 10,000 -
100,000 

Information 
storage 

Compleme
ntary DNA 

strand 

Transcript  RNA (ribo)-
nucleotides 

4 
(AGCU) 

?<50 -
10,000 

Information 
messenger, 
catalysis, 
regulation 

Gene  
(1 strand 
of DNA 
region)  

Protein Protein = 
poly-

peptide 

Amino acids 20 + 
modified 

50-1,000 
or more 

Catalysis, 
transport, 
regulation, 
movement, 
cytoskeleton, 
etc. 

mRNA 
(processed 
transcript) 



http://www.uic.edu/classes/bios/bios100/lectures/proteins.htm 
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http://www.stanford.edu/group/pandegroup/folding/education/GAH/mol_mach.html 

Sequence Sequence   structure structure   functionfunction  



1D biological Information : 
sequences 

Gene of hemopexin 
(about 11,000 nb) 

mRNA (1652 nb) 

Protein (462 aa) 



3D biological Information : structure 

Proteins and RNAs 

Sequence determines structure 

 



4D biological Information : networks, 
metabolites flows 



Biological data growth in postBiological data growth in post--genomic eragenomic era  

•• Information flowInformation flow  

•• New ‘New ‘omicsomics’ era’ era  

•• Worldwide Worldwide 
projectsprojects  



2001: publication of human genome 

Science 16 February 2001: 

Vol. 291, pp. 1304 - 1351 

Nature 409, 745  

(15 February 2001)  

Pre-genomic  Post-genomic era 



Bioinformatics analysis for Bioinformatics analysis for   
‘‘omicsomics’ era in biology’ era in biology  

‘‘omicsomics’’  ObjectObject  for studyfor study  Types of analysisTypes of analysis  

Genomics  Genome  
(full set of genes) 

Genome assembly, gene finding, 
gene structure analysis, regulators 
identification, finding of sites of 
regulators binding with DNA 

Transcriptomics Transcriptome (full set of 
transcripts: mRNAs, 
rRNAs, tRNAs, ncRNAs) 

Analysis of gene expression, RNA 
processing, splicing isoforms , RNA 
structure, ncRNAs functions 

Proteomics Proteome  
(entirety of proteins) 

Proteome analysis, identification of 
proteins, analysis and prediction of 
protein structure and interactions  

Metabolomics  Metabolome (set of 
metabolites, regulators)  

Small molecules identification, 
analysis of their transformations 



InternationalInternational  NucleotideNucleotide  SSequenceequence  DatabaseDatabase  CollaborationCollaboration    
••GenBankGenBank  (USA)(USA)  
••EMBLEMBL--Bank (Europe)Bank (Europe)  
••DDBJ (DNA DDBJ (DNA DatabankDatabank  ofof  JapanJapan))  

http://www.insdc.org/ 



http://www.ddbj.nig.ac.jp/images/breakdown_stats/DBGrowth-e.gif 

September 2010 



Biological data growth in postBiological data growth in post--genomic eragenomic era  

•• Information flowInformation flow  

•• New ‘New ‘omicsomics’ era’ era  

•• Worldwide Worldwide 
projectsprojects  



http://www.1000genomes.org/page.phphttp://www.1000genomes.org/page.php  



http://www.sanger.ac.uk/genetics/CGP/http://www.sanger.ac.uk/genetics/CGP/  



http://www.hupo.org/http://www.hupo.org/  



http://www.metabolomics.ca/http://www.metabolomics.ca/  



Computational Biology needs Computational Biology needs HPCHPC  

Problems of scaleProblems of scale  

Genomes with millions to billions of nucleotidesGenomes with millions to billions of nucleotides  

Profiling experiments with tens of thousands of data Profiling experiments with tens of thousands of data 
points measured on hundreds or thousands of samplespoints measured on hundreds or thousands of samples  

 Thousands of protein mass spectra representing Thousands of protein mass spectra representing GigaBytesGigaBytes  
of data/experimentof data/experiment  

Problems of complexityProblems of complexity  

Combinatorial: >3Combinatorial: >3 101044  interacting gene products can interacting gene products can 
create more functions than there are atoms in the create more functions than there are atoms in the 
UniverseUniverse  

Structural: >10Structural: >1055  dynamically interacting atoms make up the dynamically interacting atoms make up the 
smallest of molecular machinessmallest of molecular machines  

http://www.http://www.opengridforumopengridforum.org/gf/event_schedule/materials.php?event_id=15.org/gf/event_schedule/materials.php?event_id=15 



BIOINFORMATICS RESOURCESBIOINFORMATICS RESOURCES  
DEVELOPMENTDEVELOPMENT  



Bioinformatics resources developmentBioinformatics resources development  

•• Resources varietyResources variety  

•• DatabasesDatabases  

•• Program toolsProgram tools  

•• Search and Search and   
workflowsworkflows  

•• Towards Towards   
knowledgebasesknowledgebases  





Thematic collections of DB and tools 
   http://www.expasy.org/http://www.expasy.org/  



Web servers annual collection 
http://nar.oxfordjournals.org/content/38/suppl_2 



Annual bioinformatics links collections: 
 http://bioinformatics.ca/links_directory/ 



Thematic analysis of 2010 resources collection on Thematic analysis of 2010 resources collection on   
Bioinformatics links directBioinformatics links directory 



Bioinformatics resources developmentBioinformatics resources development  

•• Resources varietyResources variety  

•• DatabasesDatabases  

•• Program toolsProgram tools  

•• Search and Search and   
workflowsworkflows  

•• Towards Towards   
knowledgebasesknowledgebases  



Annotated genomic databases: Annotated genomic databases:   http://www.ensembl.org/http://www.ensembl.org/  



Annotated genomic databases: Annotated genomic databases:           
http://www.genome.ucsc.edu/http://www.genome.ucsc.edu/  



Specialized databases: organismSpecialized databases: organism--specificspecific  

http://www.gramene.org/http://www.gramene.org/ 

http://flybase.org/http://flybase.org/ 



OnOn--line collections of databases: line collections of databases: 
http://www.oxfordjournals.org/nar/database/c/http://www.oxfordjournals.org/nar/database/c/  

1230 selected 1230 selected   

databasesdatabases 



Database catalogueDatabase catalogue  
  http://lifesciencedb.jp/?lng=en&pg=1http://lifesciencedb.jp/?lng=en&pg=1  



DBs standardizationDBs standardization  
  http://casimir1.pdn.cam.ac.uk/casimir_ddf/http://casimir1.pdn.cam.ac.uk/casimir_ddf/  



Bioinformatics resources developmentBioinformatics resources development  

•• Resources varietyResources variety  

•• DatabasesDatabases  

•• Program toolsProgram tools  

•• Search and Search and   
workflowsworkflows  

•• Towards Towards   
knowledgebasesknowledgebases  



http://www.ncbi.nlm.nih.gov/Tools/http://www.ncbi.nlm.nih.gov/Tools/  



http://pbil.univ-lyon1.fr/alignment.html 



ToolkitsToolkits  
    http://toolkit.tuebingen.mpg.de/http://toolkit.tuebingen.mpg.de/  



Analysis systemsAnalysis systems    www.migenas.mpg.dewww.migenas.mpg.de  



Bioinformatics resources developmentBioinformatics resources development  

•• Resources varietyResources variety  

•• DatabasesDatabases  

•• Program toolsProgram tools  

•• Search and Search and   
workflowsworkflows  

•• Towards Towards   
knowledgebasesknowledgebases  



CrossCross--searchsearch  
    http://www.ncbi.nlm.nih.gov/gquery/gquery.fcgihttp://www.ncbi.nlm.nih.gov/gquery/gquery.fcgi  



Cross-links and references 
Entrez-gene: http://www.ncbi.nlm.nih.gov/gene/ 



DBs/tools DBs/tools crosscross--searchsearch  
http://www.hsls.pitt.edu/guides/genetics/obrc/http://www.hsls.pitt.edu/guides/genetics/obrc/  

2724 links 



Harvesting enginesHarvesting engines  
    http://harvester.fzk.de/harvester/  



Organization of frameworksOrganization of frameworks  
  https://projets.pasteur.fr/wiki/mobylehttps://projets.pasteur.fr/wiki/mobyle  

B.Néron, H.Ménager, C.Maufrais et al. 

Mobyle: a new full web bioinformatics framework  

Bioinformatics (2009) 25(22): 3005-3011 



The end-user interface as a Web Portal provides a global and integrated view of all 

the elements needed to perform analysis, such as the available programs, the 

submitted jobs and the data of interest. 

http://mobyle.pasteur.fr/ Institut Pasteur 



Tracking 

   From which Ensembl gene 
does pathway 
mmu004620 come from? 

Workflows 



Taverna Workflow Workbench   

http://www.omii.ac.uk/wiki/Taverna 

In perspective bioinformatics research will be 

performed by certain workflow as molecular biology 

experiment is performed by certain protocol 



Bioinformatics resources developmentBioinformatics resources development  

•• Resources varietyResources variety  

•• DatabasesDatabases  

•• Program toolsProgram tools  

•• Search and Search and   
workflowsworkflows  

•• Towards Towards   
knowledgebasesknowledgebases  



Integrated Integrated KnowledgebasesKnowledgebases  as Web environmentas Web environment  

http://genomicscience.energy.gov/compbio/http://genomicscience.energy.gov/compbio/ 

The Systems Biology Knowledgebase is The Systems Biology Knowledgebase is a a cyberinfrastructurecyberinfrastructure  to facilitate a new to facilitate a new 

level of scientific inquiry by serving as a central component for the integration of level of scientific inquiry by serving as a central component for the integration of 

modeling, simulation, experimentation, and modeling, simulation, experimentation, and bioinformaticbioinformatic  approaches.approaches.  





The Systems Biology Knowledgebase (The Systems Biology Knowledgebase (KbaseKbase))  

In addition to supporting data storage, retrieval, and In addition to supporting data storage, retrieval, and 
management capabilities, management capabilities, KbaseKbase  also would enable also would enable   
new knowledge acquisition and managementnew knowledge acquisition and management, through , through   
free and open access free and open access to data, analysis tools, and information to data, analysis tools, and information 
for the scientific research community. for the scientific research community.   

KbaseKbase, therefore, must serve multiple roles, , therefore, must serve multiple roles, includingincluding: :   

•• A repository of data and results from highA repository of data and results from high--throughput throughput 
experiments.experiments.  

•• A collection of tools to derive new insights through data A collection of tools to derive new insights through data 
synthesis, analysis, and comparison.synthesis, analysis, and comparison.  

•• A foundation for prediction, design, manipulation, and A foundation for prediction, design, manipulation, and 
ultimately, engineering of biological systems. ultimately, engineering of biological systems.   

 



Pilot projects 



Pilot projects 



Pilot projects 



NEW IT SOLUTIONS FOR NEW IT SOLUTIONS FOR 
BIOINFORMATICSBIOINFORMATICS  



New IT Solutions for bioinformaticsNew IT Solutions for bioinformatics  

•• Data compressionData compression  

•• Web semanticsWeb semantics  

•• Web servicesWeb services  

•• GridificationGridification    

•• BiocomputingBiocomputing  



Textual data compression Textual data compression in postin post--genomics eragenomics era  

•• DNAzipDNAzip: DNA sequence compression using a reference genome : DNA sequence compression using a reference genome [[ChristleyChristley  S., S., 
Lu Y., Li C., and Lu Y., Li C., and XieXie  X. Human genomes as email attachments //Bioinformatics X. Human genomes as email attachments //Bioinformatics 
(2009) 25:274(2009) 25:274--5] http://silver.ics.uci.edu/~dnazip/index.html5] http://silver.ics.uci.edu/~dnazip/index.html  

•• GG--SQZ: SQZ: compactcompact  encodingencoding  ofof  genomicgenomic  sequencesequence  andand  qualityquality  datadata  [[WW..TembeTembe, , 
JJ..LoweyLowey, , andand  EE..SuhSuh  // // BioinformaticsBioinformatics  (2010) 26(17): 2192(2010) 26(17): 2192--21942194]]  

•• Compression of whole genome alignments [Compression of whole genome alignments [P.HanusP.Hanus, , J.DingelJ.Dingel, , G.ChalkidisG.Chalkidis, , 
J.HagenauerJ.Hagenauer//IEEE Transactions on Information Theory.//IEEE Transactions on Information Theory.--  Vol.56, No.2 (Feb2010) Vol.56, No.2 (Feb2010) 
Special issue on information theory in molecular biology and neuroscienceSpecial issue on information theory in molecular biology and neuroscience. . 
P.696P.696--705705  



http://www.tgen.org/research/gsqueez.cfmhttp://www.tgen.org/research/gsqueez.cfm  

W.Tembe, J.Lowey, and E.Suh  

G-SQZ: compact encoding of genomic sequence and quality data  

Bioinformatics (2010) 26(17): 2192-2194 



Compression techniques for Compression techniques for images processing 

•• CATMAID: collaborative annotation toolkit for massive amounts of image CATMAID: collaborative annotation toolkit for massive amounts of image 
data data [[S.SaalfeldS.Saalfeld, , A.CardonaA.Cardona, , V.HartensteinV.Hartenstein, and , and P.TomančákP.Tomančák// // 
Bioinformatics (2009) 25(15): 1984Bioinformatics (2009) 25(15): 1984--1986]1986]  

•• Bisque: a platform for Bisque: a platform for bioimagebioimage  analysis and management analysis and management [[K.KvilekvalK.Kvilekval, , 
D.FedorovD.Fedorov, , B.ObaraB.Obara  et al. //Bioinformatics (2010) 26(4): 544et al. //Bioinformatics (2010) 26(4): 544--552]552]  

•• BioimageBioimage  informatics: informatics:   
a new area of engineering biology a new area of engineering biology 
[[H.PengH.Peng//Bioinformatics (2008) //Bioinformatics (2008)   
24(17): 182724(17): 1827--1836]1836]  

 



http://www.jatit.org/volumes.php http://www.jatit.org/volumes.php   
Journal of Theoretical and Applied Information TechnologyJournal of Theoretical and Applied Information Technology  

P.R.Rajeswari &  P.R.Rajeswari &  A.ApparaoA.Apparao  GenbitGenbit  compress compress ––  algorithm for repetitive and algorithm for repetitive and 
nonnon--repetitive DNA sequencesrepetitive DNA sequences// 2010, // 2010, volvol  11, no. 111, no. 1  

P.R.Rajeswari, P.R.Rajeswari, A.ApparaoA.Apparao, , R.K.KumarR.K.Kumar  HuffbitHuffbit  compress algorithm to compress compress algorithm to compress 
DNA sequences using extended binary treesDNA sequences using extended binary trees// 2010, // 2010, volvol  13, no.2.13, no.2.  

J.H. J.H. PujarPujar, , l.Ml.M. . KadlaskarKadlaskar  A new lossless method of image compression and A new lossless method of image compression and 
decompression using Huffman coding techniquesdecompression using Huffman coding techniques//2010, //2010, volvol  15, no.115, no.1  

G.BhopaleG.Bhopale  Image noise reduction using mathematical morphology size Image noise reduction using mathematical morphology size 
distributions. A new image noise reduction and compression algorithm distributions. A new image noise reduction and compression algorithm 
for grayscale images for grayscale images //2010, //2010, volvol  16. No. 116. No. 1  

 



New IT Solutions for bioinformaticsNew IT Solutions for bioinformatics  

•• Data compressionData compression  

•• Web semanticsWeb semantics  

•• Web servicesWeb services  

•• GridificationGridification    

•• BiocomputingBiocomputing  



http://hackathon3.dbcls.jp/ 

DBCLS BioHackathon for interpreting biological knowledge with Semantic Web 

technologies is working on the integration of biological resources.  

To achieve this goal, we have been organizing BioHackathons since 2008 to survey 

existing efforts and develop integrated environments with open source software and 

public services.  



Semantic Web technologies     
http://rewerse.net/A2/Overview.htm 

The objective of the WG is to create the core of a Bioinformatics Semantic Web 

populated by a number of sample data sources and applications representative 

of the use of the Web in Bioinformatics and to demonstrate novel, reasoning-

based solutions dealing with the following problems:  

  Rules for mediation and to formulate complex queries  

  Consistent integration of Bioinformatics data  

  Adaptive portals for molecular biologists  



http://www.ida.liu.se/~iislab/projects/http://www.ida.liu.se/~iislab/projects/  

SAMBO SAMBO   

(System for Aligning and Merging Biomedical (System for Aligning and Merging Biomedical OntologiesOntologies) )   

  

  

  

KitAMOKitAMO    

(a (a ToolKitToolKit  for Aligning and Merging for Aligning and Merging OntologiesOntologies))  

  



Gene Gene onthologiesonthologies    

    http://bioportal.bioontology.org/http://bioportal.bioontology.org/  



New IT Solutions for bioinformaticsNew IT Solutions for bioinformatics  

•• Data compressionData compression  

•• Web semanticsWeb semantics  

•• Web servicesWeb services  

•• GridificationGridification    

•• BiocomputingBiocomputing  



Recent publications on Web services for bioinformatics 

 Kalas M, Puntervoll P, Joseph A et al. BioXSD: the common data-exchange 
format for everyday bioinformatics web services// Bioinformatics. 2010 Sep 
15;26(18):i540-6. 

 Zappa A, Miele M, Romano P. IBWS: IST Bioinformatics Web Services// Nucleic 
Acids Res. 2010 Jul 1;38 Suppl:W712-8 

 Katayama T, Nakao M, Takagi T. TogoWS: integrated SOAP and REST APIs for 
interoperable bioinformatics Web services// Nucleic Acids Res. 2010 Jul 1;38 
Suppl:W706-11 

 Smedley D, Schofield P, Chen CK et al Finding and sharing: new approaches to 
registries of databases and services for the biomedical sciences // Database 
(Oxford). 2010 Jul 6;2010: baq014.  

 Ramírez S, Muñoz-Mérida A, Karlsson J et al. MOWServ: a web client for 
integration of bioinformatic resources// Nucleic Acids Res. 2010 Jul 1;38 
Suppl:W671-6.   

 



http://www.biocatalogue.org/ 

BioCatalogue: a universal catalogue of web services for the life 

sciences// NAR, Web servers issue, 2010 



New IT Solutions for bioinformaticsNew IT Solutions for bioinformatics  

•• Data compressionData compression  

•• Web semanticsWeb semantics  

•• Web servicesWeb services  

•• GridificationGridification    

•• BiocomputingBiocomputing  



http://www.embracegrid.info/http://www.embracegrid.info/  

http://www.biosapiens.info/http://www.biosapiens.info/  



https://cabig.nci.nih.gov/https://cabig.nci.nih.gov/  

caBIG (Cancer Biomedical Informatics Grid) 



Saltz J et al. Bioinformatics 2006;22:1910-1916 



http://dockinggrid.gforge.inria.fr/http://dockinggrid.gforge.inria.fr/  



http://www.bioinfogrid.eu/http://www.bioinfogrid.eu/  



http://uag.bitp.kiev.ua/ 

http://uag.bitp.kiev.ua/file/applications/biomedical-applications-ru.pdf 

https://moldyngrid.org/ 



New IT Solutions for bioinformaticsNew IT Solutions for bioinformatics  

•• Data compressionData compression  

•• Web semanticsWeb semantics  

•• Web servicesWeb services  

•• GridificationGridification    

•• BiocomputingBiocomputing  



Two Kinds of Computation Motivated by BiologyTwo Kinds of Computation Motivated by Biology  

•• Computation applied to biologyComputation applied to biology  

–– BioinformaticsBioinformatics  

–– computational biologycomputational biology  

–– modeling DNA, cells, organs, modeling DNA, cells, organs, 
populations, etc.populations, etc.  

  

•• Biology applied to computationBiology applied to computation  

–– biologicallybiologically--inspired inspired 
computationcomputation  

–– neural networksneural networks  

–– artificial life, etc.artificial life, etc.  

http://www.cs.utk.edu/~mclennan/Classes/420 

http://www.cs.utk.edu/~mclennan/Classes/420


BioinformaticsBioinformatics: the application of computer technology to the : the application of computer technology to the 

management of biological information. Is associated with management of biological information. Is associated with 

knowledge extraction and interpretation of data knowledge extraction and interpretation of data   

BiomolecularBiomolecular  computingcomputing: the use of biological and chemical : the use of biological and chemical 

processes to perform computationsprocesses to perform computations  

BioBio--inspired computing:inspired computing:  the use of biological paradigms (e.g., the use of biological paradigms (e.g., 

neural nets, genetic algorithms) in the design of computational neural nets, genetic algorithms) in the design of computational 

algorithms.  Algorithms may be implemented in algorithms.  Algorithms may be implemented in any any appropriate appropriate 

technologytechnology. .   

  
Useful links 

http://www.biochem.oulu.fi/Biocomputing/juffer/Teaching/Biocomputing/ 

http://www.cs.utk.edu/~mclennan/Classes/420  

Bioinformatics Bioinformatics vsvs    

biocomputingbiocomputing 



IT solutions from biology data  
 

BIO-INSPIRED COMPUTING (BIOCOMPUTING) 

  

• Genetic Programming 

• Evolutionary algorithms 

• Swarm Intelligence 

• Cellular Automata 

• Neural Computing / Pattern recognition using neural networks 
(the most widely used form of BIC in industry and science) 

• Artificial Immune System methods 

• etc 

http://www.macs.hw.ac.uk/~dwcorne/Teaching/bic.html 



IT solutions from biology data 

From Plenary talk on The Fourth International Conference on 

Computational Systems Biology (ISB2010)  

Suzhou, China, September 9-11, 2010 

  

The human genome consists of around 3 billion base pairs whereas the 

number of cells in the human body is estimated to be 60 trillion.  

Therefore, it is considered that information on the human body consisting 

of 60 trillion cells is compressed into 3 billion base pairs.  

Deciphering this data compression mechanism is one of major goals 

of systems biology. 

DATA COMPRESSION-BASED APPROACHES  

TO ANALYSIS OF BIOLOGICAL NETWORKS 

Tatsuya Akutsu (Kyoto University) 

Lecture Notes in Operations Research 13 
Series Editors: Ding-Zhu Du and Xiang-Sun Zhang 

Computational Systems Biology 

http://www.aporc.org/LNOR/13/ 

  



ResumeResume  



tbarannik@univer.kharkov.ua 
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