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Bioinformatics

» Bioinformatics is the application of information
technology to the management and analysis of
biological data.

» Bioinformatics is an interdisciplinary research area
that is the interface between the biological and
computational sciences.

» Bioinformatics is the field of science in which
biology, computer science, and information
technology merge to form a single discipline.

Bioinformatics
Biology + Informatics + Statistics
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Milestones in Genetics

Rising of Bioinformatics

» Internet and WWW » Genome Projects

» Computing Power » High-Throughput
Technology

wansistors  Growth of GenBank(1982-2005)
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Biological information is coded

Binary Code Genetic Code
010001010100011101010 ATTCCATCGGAGTAATTCCATC

100010101000111010101 GGAGTAATTCCATCGGAGTAAT
(01001 KQRRRR TToThThTTm T
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Antisense strand
TTITTTTI T T I T T I T T I T T T 0T

ATGACGGATCAG

RNA polymerase
IOTTTTTITTITTTTI T
GCAAG GGAATTGGUGACATAA
..................

RNA Transcript

TACTG TAGTCGGCGTTCG

Sense strand

TTAACCGCTGTATT

Data Exchanges among Three Major
Nucleic Acid Public Databases

« Submissions

EMBL/EBI
« Updates

http://www.ncbi.nih.go

* Submissions

« Updates
» Submissions

S;
EB-eye search
* Updates

http:/ /www.ddbj.nig.ac.jp/Welcome-e html http://www.ebi.ac.uk/

ew submissions and updates between the three databases

F. Bioinformatics. (2005) Wiley Inc. published. Figure 1.1 (p.5)




Organization of UniProt Databases

UniProtKB

Protein knowledgebase

- UniProtKB/Swiss-Prot
UniRef
Sequence clusters E::'J:I“:imm
UniRef100 - > UniMES
LAY UniProtKBITrEMBL Metagenomic
UniRef50 Unreviewed and environmental
e samples sequences
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UniParc - sequence archive
Current and obsolete seguences

T

EMBL/GenBank/DDBJ, Ensembl, other
sequence resources

Various Formats for BioDB

eTFaE 2881 bp  DNA Linear IV 27-0CT-2005
DEFINITION D: hil factor 4E (eIF4E)

gene, alternative splice products, complete cds.
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Databases and the Their Interconnections
» Most of DB records are linked to other records,
both within a given database and between
databases.
» Searches can begin anywhere within Entrez.
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http://www.ncbi.nlm.nih.gov/Database/datamodel/ind

NAR Special Issues

http://nar.oxfordjournals.org/
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From Chromosome
to Sequences

lestorolomia (LOLR)

Insulin-resistant
= diabeles (INSR)

— Pseudoachendroplasia (COMP)
= Hemelytic anemia (GF1)
— Malignant hypsrthermia (RYR1)
— Myetonic dystreghy (DM)

Low-resolution physical
map ol chromoserme 18

my

T
T T
Full Length SHIHIEIE] D
G tIkEgamPL__j-_:_j:j:kTme r"i) 7 ,
Phase | »> < > < | 2 |9|g_9| 2 | g | Distancos In centanurgans
Phase II = - =
Phase Ill
—_ 0, e w
Coverage (8-10X)>> 99% e g e
Error Rate<<0.01%
Base sequence

KEG(G Kyoto Encyclopedia of Genes and Genomes

METABOLIC PATHWAYS
Glyean Biosynthesis Biodegradation of
v Metabolism Henchiotics

Lipid
Matabolian

Metnbolizmal  f
Ml"fwm' Cofetors and Vitandng
e 2 n
Biosymthésts of
Sooondary Metubolites

L0 S5L0




Systems Biology

An Example of a Systems Biology
Approach

articles

Global analysis of protein localization
in budding yeast

Won-Ki Huh'*, James V. Falvo', Luke C. Gerke', Adam $. Carroll', Russell W. Howson', Jonathan S. Weissman'~ & Erin K. 0'Shea’

"Howard Hughes Medical Institute, University of Califormia—San Francisco, Department of Biochemistry and Biophysics, and *Department of Celular and Molecular
Pharmacology, 600 16th Streer, San Francisco, Califonin 94143-2240, USA

*These wihars comrismed equllyto This wodk

A fundamental goal of cell biology is to define the functions of proteins in the context of compartments that organize them in the
cellular environment. Here we describe the construction and analysis of a collection of yeast strains expressing full-length,
chromosomally tagged green fluorescent protein fusion proteins. We classify these proteins, representing 75% of the yeast
proteome, into 22 distinct subcellular localization categories, and provide localization information for 70% of previously
unlocalized proteins. Analysis of this high-resolution, high-coverage localization data set in the context of transcriptional,
genetic, and protein-protein interaction data helps reveal the logic of transcriptional co-regulation, and provides a comprehensive
view of interactions within and between organelles in eukaryotic cells.

NATURE (2003), 425:686




Microscopic analysis of yeast strains
expressing GFP-tagged proteins

» Constructing recombinant strains
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Huh WK et al., 2003. NATURE 425:686

Representative co-localization
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Relationship between genetic and physical
interactions and subcellular localization
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High-throughput *omics

. Inclusive set Statistical Study
Subject o o
(For an individual)  (many individuals)
Genes Genome Genomics
Transcripts Transcriptome Transcriptomics
Proteins Proteome Proteomics
Metabolites Metabolome Metabolomics

Phenome Phenomics




High-Throughput Technology

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

AUTOMATION

Brute-Force Approach = Fast and Huge Amount of

I Data

High-Throughput Technology

» Genomics
- HTP Sequencing
- Accessing variated version of alleles

» Transcriptomics
> Microarray for gene expression data
» Proteomics
> Isotope-Coded Affinity Tags
» Anatomical and Histological Images

P
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DNA Sequencing and Resequencing

Primer for

Sanger Method roptenton
Sequencing Method based on DNA
polymerase and chain terminator

Strand to be sequenced

Primed DA

Slngle Strand template Prepare four reaction mixtures, -
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) ) replication-stopping nucleotide !
Primer Annealing c s a1 | f \
| | BAAK N7
Primer extension by polymerase/ ‘_‘3

incorporation of ddNTP (stop extension) _f:f Separate

@ Replication ::' products by

Primer products of .—\f:\.} gel electrophoresis
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DNA Sequencing and Resequencing

454 Sequencing Technology:

emusion-based template/ picoliter reaction well/ pyrophosphate sequencing

uencing in microfabricated high-density picolitre reactors
- 437(7057):326-7

h/roche-gene.asp
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DataSet

-
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Scan and
Quantitate

Gene A

Administratar
Librarian

Designer

LIMS for Array Experiment

Coordinatar r Knowledge
! i Database

i Process Flow
I LiMS DB I owiedge
Network Link

‘ Data M ning
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Arraver Scanner # Image Corelations, Statistics
Analyzer Properies,

Links to Diseases,
Markers, ...}
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SNP (Single Nucleotide Polymorphism)

codon 5 6 7

HbB(normal) CCT GAG GAG
Pro Glu Glu

HbB(Sickle) CCT GTG GAG
Pro Val Glu
http://en.wikipedia.org/wiki/Red_blood_cells
» SNP Density in human genome (estimated):
> One SNP site / 500~1000 bases
» How to detect SNPs?
> Sequencing-based method
> PCR-based method
> Array-based method

sotope- oded ffinity ags

http://www.proteomecenter.org/PDFs/Gygi.NatBiotech.99.
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Animation Demo of ICAT Technology

& bio davidson.edu/Courses/genomics/ICAT/ICAT.html
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http://dotslide.olympus-sis.com/
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