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Instructor InfoInstructor Info
Tolga Can ● Tolga Can 

– e-mail: tcan@ceng.me

– Office: B-109

– Office hours: E-mail m
appointment 

– Preferred way of resolv
bl / i  b  problem/question: by 

oo

etu.edu.tr

me to schedule an 

ving any course related 
ile-mail



Class Web Pa
list
http://www.ceng.metu.e

– Lecture slides

– Syllabusy

– Reading material (next
going to be posted toni

I will also maintain an eI will also maintain an e
announcements

– Sign-up for the e-mail 

age & E-mail g

edu.tr/~tcan/ceng734/

 week’s reading material is 
ight, quiz after the bayram)

mail list for -mail list for 

list



PrerequisitesPrerequisites
No formal prerequisites  H● No formal prerequisites. H
with Bioinformatics will he
most benefit out of the co

● Programming: may be re

Algorithms and Complexit● Algorithms and Complexit

● Basic probability and stat

● Some molecular and cellu
required

● If you are new to Bioinfor
take CENG 465 offered in

However  some familiarity However, some familiarity 
elp the students get the 
ourse. 

quired for the project

ty Analysisty Analysis

tistics

ular biology terminology is 

rmatics, I encourage you to 
n Spring



Course ObjecCourse Objec
The primary objective● The primary objective
expose students to re
the field of bioinformathe field of bioinforma
students initiate resea
completion of this coucompletion of this cou

– be aware of the curren
Bioinformatics  Bioinformatics, 

– have learnt the state-o
important biological primportant biological pr

– and be able to initiate 
the area of Bioinforma

ctivesctives
es of this course are to es of this course are to 
ecent developments in 
atics and to enable atics and to enable 
arch in this area. Upon 
urse the students will: urse the students will: 

nt challenges in 

of-the-art methods to tackle 
roblems, roblems, 

 and conduct research in 
tics. 



Reading MateReading Mate
Reading material will ● Reading material will 
the web or by e-mail

● Papers from recent co

erialerial
be provided online on be provided online on 

onferences or journals



GradingGrading
Reading : 40%● Reading : 40%

– 8-10 quizzes about rea

● Term project: 40%

● Final exam: 20%● Final exam: 20%

ading material



ProjectProject
● May be related to you

what you may want to

● Groups of 1-4 studentp

● You are free to choose
discuss details/goals/wdiscuss details/goals/w
instructor before start
projectproject

● Project topic examples

– Small improvements o
discussed in class

– Application of a techniq

r current research or 
o do for research

ts

e project topics but will 
work plan with the work plan with the 
ting to work on the 

s:

n techniques/algorithms 

que on a different data set.



Outline of theOutline of the
● This week: Introductio● This week: Introductio

of biological data. Wh

Challenges in genome● Challenges in genome

● Evolution and phyloge

● Protein structure, func
genome annotationg

● Gene regulation and t

● Text mining in bioinfo

● Protein interactions an

e coursee course
on and characteristics on and characteristics 
o is working on what?

e analysise analysis

eny

ctional classification, 

transcriptomics

rmatics

nd molecular networks



….
● Challenges in heterog● Challenges in heterog

● Bioimage informatics

● Multiscale Modeling an
Molecules to Cells to O
Session)

eneous data integrationeneous data integration

nd Simulation: from 
Organisms (PSB 2008 



Biological DaBiological Da
● Comes in many differe

– Sequence Databases:

● Nucleotide (GenBank)( )
genome databases

– Structure databases

● Protein Data Bank

– Expression data

● NCBI GEO

– Interaction data, Pathw

– Bioimages

– Published biological paPublished biological pa

– Domain, annotation inf

tata
ent forms

), SWISS-PROT, Whole ), ,

waysy

pers (PubMed)pers (PubMed)

formation



NCBI EntrezNCBI Entrez



Introductory BiIntroductory Bi

DNA ProteDNA
(Genotype)

iologyiology

in
Phenotype



AnimalAnimall CELLl CELL



DNADNA
atggcaattaa

• Raw DNA 
Sequence

atggcaattaa
gcacaacaccg
atggcttatat
aaagatggtaa
gcaaacttaaa
ttaactgatga
ggcccatctaaSequence

– Coding or Not?
– Parse into genes?

ggcccatctaa
ggtcaagatat
gttgttcatga
gcaactcaaaa
tcacaaaacat
gcattaaacggParse into genes?

– 4 bases: AGCT
– ~1 Kb in a gene, 

gttgatttaac
aaagatgcagc
gaagatgctgt
gacgctggtat

g
~2 Mb in genome

– ~3 Gb Human

. . .   caa
caacaagccaa
cgagatatctc
gctcacaatat
gttgttcatga

t ttacaatcgttga
aatacagccca
ggcgatcaaga
aaaattgtagc

aaattggtatcaatggttttggtcgtatcggccgtatcgtattccgtgcaaaattggtatcaatggttttggtcgtatcggccgtatcgtattccgtgca
gtgatgacattgaagttgtaggtattaacgacttaatcgacgttgaatac
tgttgaaatatgattcaactcacggtcgtttcgacggcactgttgaagtg
acttagtggttaatggtaaaactatccgtgtaactgcagaacgtgatcca
actggggtgcaatcggtgttgatatcgctgttgaagcgactggtttattc
aaactgctcgtaaacatatcactgcaggcgcaaaaaaagttgtattaact
aagatgcaacccctatgttcgttcgtggtgtaaacttcaacgcatacgcaaagatgcaacccctatgttcgttcgtggtgtaaacttcaacgcatacgca
tcgtttctaacgcatcttgtacaacaaactgtttagctcctttagcacgt
aaactttcggtatcaaagatggtttaatgaccactgttcacgcaacgact
aaactgtggatggtccatcagctaaagactggcgcggcggccgcggtgca
tcattccatcttcaacaggtgcagcgaaagcagtaggtaaagtattacct
gtaaattaactggtatggctttccgtgttccaacgccaaacgtatctgtt
cagttaatcttgaaaaaccagcttcttatgatgcaatcaaacaagcaatc
cggaaggtaaaacgttcaatggcgaattaaaaggcgtattaggttacact
ttgtttctactgacttcaacggttgtgctttaacttctgtatttgatgca
tcgcattaactgattctttcgttaaattggtatc . . .

aaaatagggttaatatgaatctcgatctccattttgttcatcgtattcaa
aaactcgtacaaatatgaccgcacttcgctataaagaacacggcttgtgg
cttggaaaaactttcaagagcaactcaatcaactttctcgagcattgctt
ttgacgtacaagataaaatcgccatttttgcccataatatggaacgttgg
aaactttcggtatcaaagatggtttaatgaccactgttcacgcaacgact

tt tt tt t t t tttacattgcgaccttacaaattcgagcaatcacagtgcctatttacgcaacc
agcaagcagaatttatcctaaatcacgccgatgtaaaaattctcttcgtc
agcaatacgatcaaacattggaaattgctcatcattgtccaaaattacaa
caatgaaatccaccattcaattacaacaagatcctctttcttgcacttgg



Protein SequeProtein Seque
• 20 letter alphabetp

– ACDEFGHIKLMNPQRSTV

• Strings of ~300 aa in an a• Strings of  ~300 aa in an a
bacteria),

200 aa in a domain~200 aa in a domain
• >6M known protein seque
• Uniprot

– UniProtKB/Swiss-Prot: proteins wit
d i i f h f i f idescription of the function of a protei
modifications, variants, etc.) 39753

– UniProtKB/TrEMBL: a computer-a
contains all the translations of EMBL
integrated in Swiss-Prot. 6212793

enceence

VWY  but not BJOUXZ

average protein (inaverage protein (in 

ences

th high level of annotation (such as the 
i i d i l i lin, its domains structure, post-translational 
39 entries as of September 02.
annotated supplement of Swiss-Prot that 
L nucleotide sequence entries not yet 
3 entries as of September 02.



StructuresStructures
• DNA/RNA/Protein

– Mostly protein structures 
at PDB



Genes and PrGenes and Pr
One gene encodes one* p● One gene encodes one* p

● Like a program, it starts w
then each three code onethen each three code one
codon (e.g. TGA) signifies

Sometimes  in the middle● Sometimes, in the middle
there are introns that are
during transcription. Used
This is the task of gene fi

roteinsroteins
proteinprotein.

with start codon (e.g. ATG), 
e amino acid  Then a stop e amino acid. Then a stop 
s end of the gene.

e of a (eukaryotic) gene  e of a (eukaryotic) gene, 
e spliced out (as junk) 
d parts are called exons. 
nding.



GenomesGenomes
NCBI Entrez Genome ● NCBI Entrez Genome 

– http://www.ncbi.nlm.nih.go

● 4707 organisms sequence

– Achaea: 67

– Bacteria: 926

– Eukaryote: 1630

– Viral genomes: 2007

– Viroids: 39

– Plasmids: 38

 Database Database
ov/entrez/query.fcgi?db=Genome

ed



Human genome
Noncoding 

DNA 
810Mb

Genes and gene-
related sequences 

900Mb Coding 
DNA

Regulatory sequences

DNA 
90Mb

Repetitiv
420M

Extragenic DNA

2100Mb

Unique anUnique an
number       

dPseudogenes

Gene fragments

Introns, leaders, trailers

Single-copy genes Tandemly 

Multi-gene families
Dispersed

repeated

Non-coding 
tandem 
repeats

Satellite DNA

Minisatellites

Microsatellites

e DNA 
Mb

DNA transposons

LTR elements

Genome-
wide 

interspersed LTR elements

LINEs

SINEs
nd low-copy

p
repeats

nd low copy 
        1680Mb



Gene expressiGene expressi

from NCBI GEO NAR 2005 paper

ion dataion data



Protein NetworProtein Networ

from STRI

rk Datark Data

NG database



BioimagesBioimages



Other Types ofOther Types of
I f i d d• Information to understand 
genomes
– Metabolic Pathways 

(glycolysis), traditional 
biochemistry

– Regulatory Networks
– Whole Organisms 

Phylogeny, traditional 
zoology

– Environments, Habitats, 
ecology

– The LiteratureThe Literature 
(PubMed)

f Dataf Data



Data sourcesData sources
( l d● NAR (Nucleic Acids Resear

list of data collections (107
2008 Database Issue upda2008 Database Issue upda

● http://www.oxfordjournals

S– Sequence

● Genomes, ESTs, Promote
binding sites, repeats, ..b d g s tes, epeats,

– Structure

● Domains, motifs, classific

– Others

● Microarrays, subcellular l
pathways, SNPs, ..

h) lrch) journal maintains a 
78 databases with the 
ate)ate)

s.org/nar/database/c/

ers, transcription factor 

cations, ..

ocalization, ontologies, 



Challenges of wg
bioinformatics 

● Need to feel comfortable in
areaarea

● Depend on others for prima

N d t  dd  i t t ● Need to address important 
computer science problems

working in g

 an interdisciplinary 

ary data

 bi l i l d biological and
s



Skill setSkill set
● Artificial intelligence 

● Machine learning● Machine learning

● Statistics & probabili

● Algorithms

● DatabasesDatabases

● Programming

● Molecular and Cellula

● More?

 

ty

ar Biology



Challenging seque
problemsproblems

● More sensitive pairwise a

– Dynamic programming is O

● m is the length of the q

n is the length of the da● n is the length of the da

● Scalable multiple alignme

Dynamic programming is e– Dynamic programming is e
sequences

– Currently feasible for aroun
around 1000around 1000

● Shotgun alignment

Current techniques will tak– Current techniques will tak
machine to align the mouse

ence related 

lignment

O(mn)

uery

atabaseatabase

ent

exponential in number of exponential in number of 

nd 10 protein sequences of length 

ke over 200 days on a single ke over 200 days on a single 
e genome



Challenging struc
problemsproblems
● Alignment against a datg g

– Single comparison usuall

Comparison against a da– Comparison against a da

– All-against-all compariso

● Multiple structure alignm

● Combined sequence andq
comparison

Secondary and tertiary ● Secondary and tertiary 

ture related 

tabase

y takes seconds.

tabase takes hourstabase takes hours.

n takes weeks.

ment and motifs

d structure 

structure predictionstructure prediction



And many more other● And many more other
in other areas of bioin

r challenging problems r challenging problems 
nformatics....



Top journalsTop journals
Science● Science

● Nature (Nature Genetics, Natu

PNAS (Proceedings of the Natio● PNAS (Proceedings of the Natio

● NAR (Nucleic Acids Research)

Bi i f ti● Bioinformatics

● JCB (Journal of Computational

● BMC Bioinformatics 

● Genome Research

● Proteins: Structure and Functio

● PLoS Computational Biology

ure Biotechnology)

onal Academy of Sciences)onal Academy of Sciences)

 Biology)

on, and Bioinformatics



Top conferenTop conferen
RECOMB: Research in CO● RECOMB: Research in CO
Biology

ISMB: Intelligent System● ISMB: Intelligent System

● ECCB: European Conferen
BiologyBiology

● PSB: Pacific Symposium o

● CSB: Computational Syst

● CIBCB: IEEE Symposium 
Intelligence in Bioinforma
Biology 

● BIBE: IEEE International 
Bioinformatics and Bioeng

cesces
Omputational Molecular Omputational Molecular 

s for Molecular Biologys for Molecular Biology

nce on Computational 

on Biocomputing

tems Bioinformatics

 on Computational 
atics and Computational 

Conference on 
gineering



Current researcCurrent researc
Bi i f ti  t i● Bioinformatics recent issu

● BMC Bioinformatics web s

● Journal of Computational 

● Proteins: Structure, Funct,
recent issue

● PLoS Computational Biolop

● RECOMB 2008 accepted p

ISMB 2008 accepted pape● ISMB 2008 accepted pape

● ECCB 2008 accepted pape

● CSB 2008 accepted paper

ch?ch?
ue

site

Biology recent issue

tion and Bioinformatics 

ogy recent issuegy

papers

ersers

ers

rs



Two weeks frTwo weeks fr
Genome Analysis/Com● Genome Analysis/Com

● Reading:

– One paper from ECCB 

HapCUT: an efficient ap
the haplotype assembl
Bafna

– One paper from ISMB 

Classification and featu
multi-class CGH data b

om nowom now
mparative Genomicsmparative Genomics

2008

and accurate algorithm for g
ly problem by Bansal and 

2008

ure selection algorithms for 
by Liu et al.


