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Goals

Introduce fundamental problems, concepts,
methods, and applications in Bioinformatics

Emphasize both the methods and the practical use
of bioinformatics tools and databases.

Audience. computer scientists, engineers,
biologists, statisticians, ...

Prerequisite: some background in programming
OR molecular biology.



Ten Topics

1. Introduction to Molecular Biology and Bioinformatics
2. Pairwise Sequence Alignment Using Dynamic Programming

3. Practical Sequence/Profile Alignment Using Fast Heuristic Methods
(BLAST and PSI-BLAST)

4. Multiple Sequence Alignment

5. Gene and Moitif Identification

6. Phylogenetic Analysis

7. Protein Structure Analysis and Prediction

8. RNA Secondary Structure Prediction

9. Clustering and Classification of Gene Expression Data

10. Search and Mining of Biological Databases, Databanks, and Literature



Resources

Slides (main materials,

A general introduction book (David
Mount. Bioinformatics. Sequence and
Genome Analysis, 2004. additional
reading materials)

Other online Bioinformatics courses
(additional reading materials)

Reference books (complementary)




Grading

Homework (20%)
Project (20%)
Midterm (30%)
Final (30%)



What’ s Bioinformatics?

An Interdisciplinary science of developing and
applying computational techniques to address
problems in molecular biology (or more broadly
biology: computational biology).

Two main fields:
« Develop bioinformatics algorithms and tools
 Apply bioinformatics tools to address biological problems



Tool-users
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Adapted from J. Pevsner, 2005



1950s

1960s
1970s
1980s

1990s,

2000s

History of Bioinformatics

How does a new interdisciplinary science emerge?
Natural Sciences Engineering/Math

Watson, Crick,
Pauling,Sanger...

Experimental Science
Information Science

Comp/Info lﬁpproach to Bio




1962
1965
1970
1977
1981
1981
1982
1982
1983
1985

1988

1988
1990
1991
1993
1994
1995
1996
1997
1998

1999
2004

Major Eventsin Bioinformatics History

http://www.ncbi.nlm.nih.gov/Education/BLA STinfo/milestones.html

Pauling'stheory of molecular evolution

Mar gar et Dayhoff's Atlas of Protein Sequences
Needleman-Wunsch algorithm

DNA sequencing and softwareto analyzeit (Sateen)
Smith-Water man algorithm developed

The concept of a sequence motif (Doolittle)

GenBank Release 3 made public

Phage lambda genome sequenced

Sequence database sear ching algorithm (Wilbur-Lipman)
FASTP/FASTN: fast sequence similarity searching

National Center for Biotechnology Information (NCBI) created at NIH/NL M

EMBnet network for database distribution

BLAST: fast sequence similarity searching

EST: expressed sequence tag sequencing

Sanger Centre, Hinxton, UK

EMBL European Bioinformatics I nstitute, Hinxton, UK
First bacterial genomes completely sequenced

Y east genome completely sequenced

PSI-BLAST

Worm (multicellular) genome completely sequenced

Fly genome completely sequenced
Human genome sequenced



Introduction to Molecular Biology

e Cdll isthe unit of structure and function of all living
things.
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Two types of cells. eukaryote (higher organisms) and prokaryote
(lower organisms)
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Central Dogma of Molecular
Biology

Replication
Transcription Trandlation
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Reverse
Transcription (HIV virus)

| nformation flow






DNA (Deoxyribose Nucleotide Acids)

DNA isapolymer. The monomer
| units of DNA are nucleotides,
e ey and the polymer is known as a
aaie "polynucleotide." Each nucleotide
consists of a 5-carbon sugar
(deoxyribose), a nitrogen containing
base attached to the sugar, and

. _~=—5-phosphate

Phospho. T
il g ] a phosphate group.

links between .
deoxyribose =+— 3-hydroxyl

sugars A 1sfor adenine

G isfor guanine
C isfor cytosine
T isfor thymine

CGAATGGGAAA......

Introduction to DNA structure, Richard B. Hallick, 1995
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Guanine

deoxyribose deoxyTibose
ball-stick rview wire{rame view

deoxyadenosine . deoxyadenosine
ball-stick view ,, wireframe view




" Base Pair

Phosphate—" 4
Sugar —

Base Pairs;
A-T (2 H-bonds)
C-G (3 H-bonds)

Hydrogen bonds. non-covaent bonds mediated by hydrogen atoms
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Uncoiled DNA Molecule

Source: Dr. Gary Stormo, 2002



Maurice Rosalind Linus Erwin

WIIKINS * Franklin Pauling Chargaff
James Watson & Francis Crick

Fundamental Problems. How genetic information pass from one
cell to another and from one generation to next generation



DNA Replication
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RNA (Ribose Nucleotide Acids)
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Different Kinds of RNA

MRNA: messager RNA

carry genetic information out of nucleus for protein
synthesis (transcription process. RNA polymerase)

rRNA: ribosomal RNA

constitute 50% of ribosome, which is amolecular assembly
for protein synthesis

tRNA: transfer RNA

decode information (map 3 nucleotides to amino acid);
transfer amino acid

snRNA: small RNA molecules found in nucleus
Involve RNA splicing



Transcription of Gene into RNA




Genetic Code and Trandation
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Proteln Seguence

A directional sequence of amino acids/residues

0 0 0 0 0

I H I H I H I H I

HoN—CH-C N CH-C—N—CH-C—N—CH-C—N—CH-C ...
¥ R, R R Fi

Amino Acid 1 Amino Acid 2
Peptide bond



Amino Acid Structure
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Amine acld Abbrav.

Llanins
Cysieine
bspartate
Glutamats
Fhenylalanine
Glycine
Histidina
lsoleucine
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Asparagine
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Valine
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Central Dogma of Proteomics

= sequence
L5

chlo/r/o/plast

Seguence Structure Function

From Seguence to Conseguence



Four Levels of Protain Structure

Primary Structure (a directional sequence of amino acids/residues)

N () () O O O C

Residuel Residue2
Peptide bond

Secondary Structure (helix, strand, coil)
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Four Levels of Protain Structure

Tertiary Structure Quaternary Structure (complex)
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Proteln Function

*Enzymatic catalysis

*Transport and storage

«Coordinated motion

| mMmune protection

*Generation and transmission of nerve impulses
«Control of growth and differentiation
«Structural materials



Example: Hemoglobin Transports Oxygen

Decreased levels of hemoglobin,
with or without an absolute
decrease of red blood cells,
leads to symptoms of anemia.

Heterocyclic Ring

Iron atom



Huge Amount of Biological Data

* DNA/RNA Sequence Data (GeneBank)
(human genome project)

* Protein Sequence Data (SwissProt and PIR)

e Protein Structure Data (Protein Data Bank)

» Gene Expression Data (Gene expression
omnibus)

 Protein Function (Gene Ontology)
 And many more....



Growth of GenBank
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Genome Size

mammals

b_irds

amphibians

bony fish

insects

plants
fungi

bacteria

viruses
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Source: P. Baldi, 2003
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What can we do with these huge
amount of data?

M LOOKI WHAT HAWE | A FEW DIRTY ROCKS, ON YOUR
&&\S&E :o\k.)lo\_E? Fbol\g BUR\E? You FOUND ? / A WEIRD ROOT, AND FIRST TRY 72 J/ THERE'S TREASURE
SOME DISGUSTING EVERNWHERE /

Find buried treasure - Doug Brutlag, 1999.



What can we do with these huge
amount of data?

Store (databases)
Search (PSI-BLAST)

Analyze/ Annotate (visualization,
Interpretation, classification, pattern
recognition)

Generate new biological knowledge and
build biological models (prediction)



Typical Problems

Where is a gene? (about 1.5% human DNA codes
gene)

Are two protein sequences similar? Implication?
Find protein sequences similar to my protein
What does a protein’s structure look like?

Does this gene mutation relate to a disease (breast
cancer)? How?



tggaagggctaattcactcecaacgaagacaagatatcecttgatetgtggatctaccacacacaaggctacttcectgattagcagaact acacaccagggecagggat cagat atccactgacctttggat ggtgetacaagctagtaccagttgagecagagaagttagaagaagccaacaaaggagagaacaccagett
gttacaccetgtgagectgeatggaatggatgacceggagagagaagtyttagagtogaggtttgacageegectageattteatcacatggeccgagagetgcatceygagtacticaagaactgctgacatcgagettgctacaagggacttteegetggggactttccagggaggegtggectgggeaggactggag
agtggcgagecctcagatectgeatataageagetgctttttgectgtactgggtetctetggttagaccagatctgagectgggagetetetggetaactagggaacceactgettaagectcaataaagettgecttgagtgcticaagtagtgtgtgecegtetgtigtgtgactctggtaactagagateectcagacccttita
gtcagtgtggeasatcictagcagtagegeecgaacagggacctyaaageyasagggasaccagaggagetetcegacycaggactcggctigetgaagegeycacygcaagaggeaggoucggcgactggigagtacyccasaaattttgactagcggaggctagaaggagagagatggtocgagageg
tcagtattaagcgggggagaattagatcgatgggasaaaattcggttaaggcecagggggasagasasaat at aaattasaacat at agtatgggcaagcagggagctagaacgattcgeagttaatectggectgttagaaacat cagaaggct gtagacasat actgggacagctacaaccatcecttcagacaggatca
gaagaacttagatcattatataatacagtagcaaccetctattgtgtgcatcaraggatagagat araagacaccaaggaagctttagacaagatagaggaagagcasaacasaagtcagansasagcacageaagcageagetgacacaggacacagcaatcaggtcagecaaaattacectatagtgcagaacateca
gyggcasatggtacatcaggecatatcacctagaactttasatgcatgggtasaagtagtagaagagaaggctttcageccagaagtyatacceatgttttcagcattat cagaaggagecaccecacaagatttanacaccatgetasacacagtggggggacat caagcagecatgcaaat gttanaagagaccat caat
gaggaagctgcagaatgggatagagtgeatecagtgeatgcagggectattgcaccaggecagatgagagaaccaaggggaagtgacatagcaggaact actagtaccettcaggaacasataggat ggat gacaaat aatccacctatcecagtaggagaaatttatanaagat ggataatectgggattanat aeaat
agtaagaatgtatagcectaccageattctggacataagacaaggaccaaaggaaccetttagagactatgtagaccggtictatasaact ctaagagcecgagcaagettcacaggaggtasaaaattggat gacagaaacctigttggtccasaat gcgaacccagattgtaagactattttanaageattgggaccagegg
ctacactagaagasatgatgacageatgtcagggagtaggaggacceggecataaggeaagagtittggetgaagcaat gagecaagtaacaaattcagctaceat aat gat gcagagaggcaat tttaggaaccaaagaaagattgttaagtgtttcaattgtggcasagaagggcacacageeagasatigcagggee
cctaggasaaagggctgttggasatgtggaaaggaaggacaccaaat gaaagattgtact gagagacaggctaattttttagggaagatctggecttectacaagggaaggccagggadttttcttcagagcagaccagagecaacageeccaccagaagagagettcaggtetggggtagagacaacaactceeecte
agaagcaggagccgatagacaaggaactgtatectttaacttcectcaggteactctitggeaacgaccect cgtcacaat apagataggggggcaactasaggaagctctattagatacaggagcagat gatacagtattageagasat gagttt geccaggaagatggaaaccaaaaat gatagggggaattggagatttt
atcasagtaagacagtatgatcagatactcatagasat ctgtggacataaagctataggtacagtattagtaggacctacacctgtcaacat aattggaagaaatctgttgactcagattggttgeactttasattttcecattagecctattgagactgtaccagtasaat tasagccaggaat ggat ggeccanaagttasacaatg
gccattgacagaagaaaaaat saaagcattagtagaaatttgtacagagatggasaaggaagggasadtitcasaaatt gggect gaaaatceat acaatactccagtatttgecat aaagaaaaaagacagtact asat ggagaaaat tagtagatttcagagaacttaataagagaactcaagacttctgggaagticaatta
gyaataccacatccegeagggttassaaagaaaaaatcagtaacagtactggatgtgggtgat gcatatttttcagtteccttagatgaagacttcaggaagtatactgeatttaccatacctagtatasacaat gagacaccagggat tagatatcagtacaatgtgcttccacagggatggaaaggat caccagcaatatteca
aagtagcatgacasaaatcttagagecttttaganaacasaatccagacatagttatctat caatacat ggatgatttgtatgtaggatctgacttagaaatagggeageat agaacasaaat agaggagetgagacaacatctgttgaggtggggacttaccacaccagacaaaaaacatcagasagaacctceattectttgg
atgggttatgaactccatcetgataaatggacagtacagectatagtgetgecagaaaaagacagetggactgtcaatgacatacagaagitagtggggasattgaattgggeaagtcagatttacccagggattasagtaaggcaattat gtasact cettagaggaaccaaageactaacagaagtaataccactaacaga
agaagcagagctagaactggcagasaacagagagattctasaagaaccagtacatggagtgtattatgacceat casaagacttaatagcagasatacagaagcaggggcaaggecaatggacat atcasat ttatcaagagccatttanaaat ctgasaacaggaaaat at gcaagaatgaggggtgcccacactaatg
atgtasaacaattaacagaggcagtgcanaaaataaccacagaaagcatagtaatat ggggaaagact cetaaat ttaaact geccatacasaaggaaacat gggaaacat ggtggacagagtattggcaagecacctggatteetgagtgggagtitgttaataccecteecttagtgaaattatggtaccagttagagasa
gaacceatagtaggagcagasaccttctatgtagatggggeagetaacagggagactanattaggasaagcaggatat gttactaatagaggaagacaaaaagitgtcaccctaact gacacaacaaat cagaagactgagttacaagcaatttatctagetttgcaggattcgggattagaagtasacatagtaacagactc
acaatatgcattaggaatcattcaagcacaaccagatcaaagtgaatcagagitagtcaat casataat agagcagttaat anaasaggasaaggtctatctggeatgggtaccageacacaaaggaattggaggaaat gaacaagtagatasattagtcagtgctggaatcaggasagtactatttttagat ggaatagataa
gycccaagatgaacatgagasatat cacagtaattggagagcaatggctagtgattttaacctgecacctgtagtagcasaagaaatagtagecagetgtgatasat gtcagetaraaggagaagecatgeatggacaagtagactgtagtccaggaat at ggcaact agattgtacacatttagaaggaaaagttatcctggt
agcagttcatgtagccagtggatatatagaagcagaagitattccagcagaaacagggcaggasacagcatattticttttasaattagcaggaagat ggecagtanaaacaat acatact gacaatggeageaatttcaccggtgctacggttagggecgectgttggtgggegggaat caagcaggaatttggaatteect
acaatccccasagtcaaggagtagtagaatctatgaat aagaat tasagasaattat aggacaggtaagagatcaggctgaacat citaagacagcagtacaaatggcagtattcatceacaat tttassagaaaaggggggattggggogtacagtgcaggggaaagaatagtagacat aatagcaacagacatacaaa
ctasagaattacannaacaaattacasaaattcaaaattttcgggtitattacagggacagcagaaatceactitggaaaggaccagcaaagetectctggaaaggtgaaggggcagtagtaatacaagat aatagtgacat asaagtagt g ccaagaagaaaagcasagat cattagggattatggaasacagatggcagy
tgatgattgtgtggcaagtagacaggatgaggattagaacatggaaaagtitagtanaacaccatatgtat gtttcagggaaagctaggggatgattttatagacatcactatgasageccicat ccaagaat aagttcagaagtacacatcecactaggggatgetagattggtaataacaacatattggggtctgcatacagg
agasagagactggcatttgggtcagggagtctccatagaatggagganaaagagatatagcacacaagtagaccetgaactagcagaccaactaattcatctgtattactttgactgtttttcagact ctgctataagaaaggecttattaggacacatagttageectaggtgtgaatat caagcaggacataacaaggtagga
tctetacaatacttggeactagcagcattaataacaccasaasagat aaagecaccittgectagtgttacgaaactgacagaggatagatggaacaagecccagaagaccaagggecacagagggagecacacaat gaatggacact agagcttttagaggagcttaagaat gaagetgttagacattttectaggatttgg
ctccatggcttagggeaacatatctatgasacttatggggat acttgggeaggagtggaagecataataagaattctgcaacaactgetgtitatecattitcagaattgggtgtegacatagcagaataggegttactcgacagaggagagcaagaaatggagecagtagat cetagactagagecctggaageat cecagga
agtcagcctasaactgcttgtaccaattgctattgtasasagtyttgctttcattgecaagtitgtttcataacaaaagecttaggeatctectatggcaggaagaageggagacagegacgaagaget cat cagaacagtcagactcat caagettctctatcasageagtaagtagtacatgtaacgcaacct ataccaatagta
geaatagtageattagtagtagcastastastagcaatagtigigtogtccatagtastcatagaatataggeasatattaagacasagasasatagacaguttaatigatagactaatagasagageageagacagtggcaatgagagtgaaggagaaatatcageacttgtggagatggoogtagagatggggeaccaty
ctecttgggatgttgatgatctgtagtgctacagasaaattgtgggtcacagtctattatggggtacctgtgtggaaggaageaaccaccact ctattttgtgeatcagatgetasageat atgatacagaggtacataat gtttgggecacacatgectgtgtacccacagaccecaacceacaagaagtagtattggtaaatgty
acagaaaattttaacatgtggaaaaatgacatggtagaacagatgcatgaggatataatcagtitatgggatcaaagectaaagecatgtgtaaaattaaccecactctgtgttagtitaaagtgeactgatttgaagaat gatactaat accaatagtagtagcgggagaat get aat ggagasaggagagataaaaaactgctc
tttcaatatcagcacaagcataagaggtaaggtgcagasagaatat geattittitatasacttgatataataccaatagat aatgatactaccagetataagttgacaagttgtaacacctcagtcattacacaggectgtecasaggtatectitgagecaatteecatacattattgtgecceggetggtittocgattctasaatgta
ataataagacgttcaatggaacaggaccatgtacasatgtcagcacagtacaatgtacacatggaattaggecagtagtatcaactcaact getgttaaat ggcagtctagcagaagaagaggtagtaattagat ctgtcaatttcacggacaat gct asaaccat aat agtacagctgaacacat ctgtagaaattaattgtaca
agacccaacaacaatacaagasaaagaat cegtatccagagaggaccagggagageatttgttacaataggasaaat aggaaatat gagacaagcacattgtaacattagtagagcasaat ggaat aacactttasaacagatagct agcaaattaagagaacaatttggacat aatasaacaat aat ctitaagcaatectca
gyagggyacccagaaattgtaacgcacagttttaattgtggaggggaatttttctactgtaattcaacacaactgtttaatagtacttggtttaatagtacttggagtactgaagggtcasat aacact gaaggaagtgacacaatcaccetcecat gcagaat aaaacaaat tat aaacat gtggcagaaagtaggaaaagcaat
gtatgceccteccatcagtggacasattagatgttcatcaaatattacagggctgctattaacaagagatggtggtaatagcaacaat gagtccgagatcttcagacctggaggaggagatatgagggacaattggagaagtgaattat at anat at aaagtagt asasat tgaaccattaggagtagcacceaccaaggcasa
gagaagagtggtgcagagagaasasagagcagtgggaataggagotttgttectigggttettgggageageaggaageactatgggegeagect caat gacgetgacggtacaggecagacaattattgtetggtatagtgcageageagaacaatttgetgagggctattgaggegeaacageatetgttgeaactca
cagtctggggcatcaageagetecaggeaagaatectggetgtggaaagatacctasaggatcaacagetcctggggatttggggttgetctggaaaactcattigeaccactgetgtgecttggaatgetagtiggagtaatasatctetggaacagatttggaat cacacgacctggatggagtgggacagagaaattaac
aattacacaagcttaatacactccttaattgaagaat cycaasaccagcaagassagaatgaacaagadttattggaattagataaatgggcaagtitgtggaattogtitaacataacaaattggctgtgotatataaaattattcat aatgatagtaggaggcttggtaggtitaagaatagtttttoctgtactttctatagtgaatag
agttaggcagggatattcaccattatcgtttcagacccaccteecaaccecgaggggaccegacaggeccyaaggaat agaagaagaaggtggagagagagacagagacagatecattcgattagtgaacggatecttggeacttatctgggacgatctgeggagectgtgectettcagetaccaccgcttgagagact
tactcttgattgtaacgaggattgtggasctictgggacgcagggggtgggaageccteasatattggtggaatctectacagtattggagtcaggaactaaagaatagtgctgttagettgetcaat gecacagecatagcagtagetgaggggacagatagggttatagaagtagtacaaggagetigtagagetattegec
acatacctagaagaataagacagggcttggasaggattttgctataagatgggtggcaagtygtcaaasagtagtytgattggatggcetact gtaagggasagast gagacgagetgagecageageagatagggtgggageageatctcgagacctggaseaacat ggagast cacaagtagcaatacageaget
accaatgetgettgtgectggetagaageacaagaggaggaggaggtggattttccagtcacacctcaggtacctttaagaccaatgacttacaaggeagetgtagatcttagecactttttanaagasaaggggggactggaagggctaattcact cecasagaagacaagatatccttgatctgtggatctaccacacaca
aggctacttecctyattagcagaactacacaccagggecaggggteagatatccactgacettiggatogtactacaagetagtaccagtigagecagataagatagsagaggccaatsaaggagagaacaccagtigttacaccetgtgagectgcatgggatogatgacceggagagagaagtottagagtogagat
ttgacagcegectageatttcatcacgtggeccgagagetgeatceggagtacttcaagaactgetgacatcgagettgetacaagggactttcegetggggactttccagggaggegtggectgggcgggactggggagtggegagecctcagatectgeatataageagetgetttttgectgtactgggtetetetggtt
agaccagatctgagectgggagctetctggetaactagggaacceactgcttaagectcaat aaagettgecttgagtgcttcaagtagtgtgtgeccgtetgttgtgtgactctggtaactagagat cectcagaccctittagtcagtgtggaaaatctctagea

Where are genes?



Central dogma of molecular biology

genome - transcriptome - proteome

Central dogma of bioinformatics and genomics
Genomics, transcriptomics, and proteomics
Source: J. Pevsner, 2005



Ten Topics

1. Introduction to Molecular Biology and Bioinformatics
2. Pairwise Sequence Alignment Using Dynamic Programming

3. Practical Sequence/Profile Alignment Using Fast Heuristic Methods
(BLAST and PSI-BLAST)

4. Multiple Sequence Alignment

5. Gene and Motif Identification

6. Phylogenetic Analysis

7. Protein Structure Analysis and Prediction

8. RNA Secondary Structure Prediction

9. Clustering and Classification of Gene Expression Data

10. Search and Mining of Biological Databases, Databanks, and
Literature



