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Bioinformatics is the application of information 
technology to the management and analysis of 
biological databiological data.
Bioinformatics is an interdisciplinary research area 
that is the interface between the biological andthat is the interface between the biological and 
computational sciences.
Bioinformatics is the field of science in whichBioinformatics is the field of science in which 
biology, computer science, and 
information technology merge to form gy g
a single discipline.

ffBioinformaticsBioinformatics
Biology + Informatics + Statistics Biology + Informatics + Statistics 



Binary Code
010001010100011101010

Genetic Code
ATTCCATCGGAGTAATTCCATC

100010101000111010101
0001010100011.......  

GGAGTAATTCCATCGGAGTAAT
TCCATCGGAGTAATT......



d G P jInternet and WWW
Computing Power

Genome Projects
High-Throughput p g g g p
Technology

Growth of GenBank(1982-2005)

Computer & BiologyComputer & 
Informatics Biology

http://www.intel.com/technology/mooreslaw/index.htm http://www.ncbi.nlm.nih.gov/Genbank/genbankstats.html





Full Length

Phase III

Phase I
Phase II
Phase III

Coverage (8-10X)>> 99%
Error Rate<<0.01%



K t E l di f G d GKyoto Encyclopedia of Genes and Genomes





http://www.nature.com/nbt/journal/v22/n10/full/nbt1020.html



Using robotics, data processing and control 
software, liquid handling devices, and , q g ,
sensitive detectors to quickly conduct 
millions of biochemical, genetic ormillions of biochemical, genetic or 
pharmacological tests.

Brute-Force Approach Fast and Huge Amount of Data



Genomics
HTP S i◦ HTP Sequencing

Transcriptomicsp
◦ Microarray for gene expression data
ProteomicsProteomics
◦ Y2H
◦ Isotope-Coded Affinity Tags
Anatomical and Histological ImagesAnatomical and Histological Images



S bj t Inclusive set Statistical StudySubject
(For an individual)

y
(many individuals)

G G G iGenes Genome Genomics

Transcripts Transcriptome TranscriptomicsTranscripts Transcriptome Transcriptomics

Proteins Proteome ProteomicsProteins Proteome Proteomics

Metabolites Metabolome MetabolomicsMetabolites Metabolome Metabolomics

Phenotype Phenome PhenomicsPhenotype Phenome Phenomics



S M h dSanger Method
Sequencing Method based on DNA
polymerase and chain terminatorpolymerase and chain terminator

Single strand template

Primer Annealing

Primer extension by polymerase/ 
incorporation of ddNTP (stop extension)

Polymerase products sorted by electrophoresis 
or other equivalent technique

Sequence resolved

Animation of automated DNA sequencing using Sanger Method
http://www.dnalc.org/ddnalc/resources/shockwave/cycseq.html



De Novo Sequencing
◦ Genome project, Metagenomics
Resequencing/Transcriptome sequencing by next-generationResequencing/Transcriptome sequencing by next generation 
technologies
◦ Gene expression profiling using novel and revisited sequence census 

methodsmethods
◦ Small noncoding RNA profiling and the discovery of novel small RNA genes
◦ Protein coding gene annotation using transcriptome sequence data
◦ Detection of aberrant transcription events
Applications of next-generation sequencing for the analysis of 
epigenetic modifications of histones and DNAepigenetic modifications of histones and DNA
◦ DNA methylation profiling by bisulfite DNA sequencing
◦ Sequence census applications for mapping histone modifications and the 

locations of DNA-binding proteinslocations of DNA-binding proteins
◦ Applications of next-generation sequencers to the study of DNA 

accessibility and chromatin structure
R f A l R i f G i d H G tiReference: Annual Review of Genomics and Human Genetics
Vol. 9: 387-402 (Volume publication date September 2008) 
(doi:10.1146/annurev.genom.9.081307.164359)



Three platforms for massively parallel DNA 
sequencing read production are in reasonably 
widespread use at present:
the Roche/454 FLX
the Illumina/Solexa Genome Analyzer
the Applied Biosystems SOLiD™ Systemthe Applied Biosystems SOLiD  System
Recently, another two massively parallel systems 
were announced: the Helicos Heliscope™were announced: the Helicos Heliscope  
(www.helicosbio.com) and Pacific Biosciences SMRT 
(www.pacificbiosciences.com) instruments.(www.pacificbiosciences.com) instruments.



454 S i T h l454 Sequencing Technology: 
emusion-based template/ picoliter reaction well/ pyrophosphate sequencing  

Genome sequencing in microfabricated high density picolitre reactorsGenome sequencing in microfabricated high-density picolitre reactors
Nature. 2005 Sep 15; 437(7057):326-7



400 b N400 bases, Now
~800 bases in near future

http://www.youtube.com/watch?v=bFNjxKHP8Jc





Single Molecule Real Time (SMRT) 
DNA i t h l 1Kb !!DNA sequencing technology,~ 1Kb !!

http://www.pacificbiosciences.com/video_lg.html



http://cdna01.dna.affrc.go.jp/RMOS/northern_comp_en.html







PCR amplification
Directly from colonies with

Consolidate intospecific primers in 96-well 
plates

Consolidate into 
384-well plates

Arrayed Library
(96 or 384-well plates of 
bacterial glycerol stocks)g y )

Spot as microarray
l lidon glass slides



http://www.chem.agilent.com/en-US/Products/Instruments/dnamicroarrays/Pages/gp557.aspx
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cDNA Array Ratio Log2(Ratio)
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http://www.bio.davidson.edu/Courses/genomics/chip/chip.htm
l



Image processingImage processing
◦ Spot identification,  intensity 
NormalizationNormalization 
◦ within array: background correction, print tip 

effects...etc
N li ti b tNormalization between arrays:
◦ global normalization, spike-in controls, internal controls
◦ mean/median expression levelmean/median expression level
Identifying significantly expressed genes:
◦ fold changes 
◦ Statistical analysis through replicated experiments
Application specific analysis:
◦ clustering regulatory networks etc◦ clustering, regulatory networks.... etc



DNA Chip Tissue Array

Protein Chip

b hLab on Chip



h // /PDF /G i N Bi h 99http://www.proteomecenter.org/PDFs/Gygi.NatBiotech.99.
pdf

C b lICAT Labeling Reagent

http://www.bio.davidson.edu/Courses/genomics/ICAT/ICAT.html
Animation Demo of ICAT Technology 



a-type α-typea type α type

2N2N 



NATURE (2003), 425:686



Constructing recombinant strainsConstructing recombinant strains

Rox3 Nic96 Pho86 
(nucleus) (nuclear periphery) (ER)

fHof1
(bud neck)

Ilv6
(mitochondrion)

Erg6 
(lipid particle)

Huh WK et al., 2003. NATURE 425:686



a-type α-type

protein x-GFP marker-RFP

2N 



Huh WK et al., 2003. NATURE 425:686



[384 x 4 =1536 experiments] x # of Focal panels  x # of Time-lapse design
innumerous Images!

384-well slide

Adopted from a speach of Urban Liebel, Mitocheck project group,EMBL
Heidelberg http://harvester.embl.de/media/2006-01-13-dresden.pdf



Adopted from a speach of Urban Liebel, Mitocheck project group,EMBL
Heidelberg http://harvester.embl.de/media/2006-01-13-dresden.pdf



http://dotslide.olympus-sis.com/




