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What i1s Bioinformatics?

e (Molecular) Bio -i nformati cs

* One idea for a definition?
Bioinformatics is conceptualizing biology in terms of
molecules (in the sense of physical-chemistry) and
then applying " informatics " techniqgues _(derived
from disciplines such as applied math, CS, and
statistics) to understand and organize the
Information associated _ with these molecules, on a
large-scale.

 Bioinformatics is “MIS” for Molecular Biology
Information
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Molecular Biology as

an Information Science

e Central Dogma
of Molecular Biology

DNA
-> RNA
-> Protein

-> Phenot ype
-> DNA

 Molecules

¢ Sequence, Structure,
Function

e Processes

¢ Mechanism, Specificity,

Regulation

e Central Paradigm
for Bioinformatics

Genom ¢ Sequence I nfornmation
-> Protein Sequence
-> Protein Structure
-> Protein Function
-> Phenot ype

« Large Amounts of Information
¢ Standardized
¢ Statistical

(idea from D Brutlag, Stanford)
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Molecular Biology Information - DNA

« Raw DNA Sequence

at ggcaatt aaaat t ggt at caat ggt t t t ggt cgt at cggccgt at cgt at t ccgt gca

O Codlng or Not? gcacaacaccgt gat gacat t gaagt t gt aggt at t aacgact t aat cgacgt t gaat ac
i at ggctt at at gt t gaaat at gat t caact cacggt cgt t t cgacggcact gt t gaagt g

O Parse into genes? aaagat ggt aact t agt ggt t aat ggt aaaact at ccgt gt aact gcagaacgt gat cca
gcaaact t aaact ggggt gcaat cggt gt t gat at cgct gt t gaagcgactggtttattc

O 4 bases: ACCT tt aact gat gaaact gct cgt aaacat at cact gcaggcgcaaaaaaagt t gt at t aact
ggcccat ct aaagat gcaacccct at gt t cgt t cgt ggt gt aaact t caacgcat acgca

0 1 K i ggt caagat at cgt t t ct aacgcat ct t gt acaacaaact gt t t agct cct t t agcacgt
o In a §353r153, gttgttcatgaaactttcggtat caaagat ggtttaat gaccact gt t cacgcaacgact

. gcaact caaaaaact gt ggat ggt ccat cagct aaagact ggcgcggeggecgeggt gea

~2 Min QJEBT]()TYTE t cacaaaacat cat t ccat ct t caacaggt gcagcgaaagcagt aggt aaagt at t acct

gcat t aaacggt aaatt aact ggt at ggcttt ccgt gtt ccaacgccaaacgt at ct gt t
gttgatttaacagttaat cttgaaaaaccagcttcttat gat gcaat caaacaagcaatc
aaagat gcagcggaaggt aaaacgt t caat ggcgaat t aaaaggcgt at t aggt t acact
gaagatgctgttgtttctactgacttcaacggttgtgctttaacttctgtatttgatgca
gacgctggtatcgcattaactgattctttcgttaaattggtatc .

caaaaat agggt t aat at gaat ctcgatctccattttgttcatcgtattcaa
caacaagccaaaact cgt acaaat at gaccgcact t cgct at aaagaacacggct t gt gg
cgagat at ct ct t ggaaaaact t t caagagcaact caat caact ttctcgagcattgcett
gct cacaat att gacgt acaagat aaaat cgccattttt gcccat aat at ggaacgt t gg
gttgttcat gaaactttcggtat caaagat ggtttaat gaccact gttcacgcaacgact
acaat cgtt gacatt gcgaccttacaaatt cgagcaat cacagt gcct attt acgcaacc
aat acagcccagcaagcagaat t t at cct aaat cacgccgat gt aaaaattctcttcgtc
ggcgat caagagcaat acgat caaacat t ggaaat t gct cat cat t gt ccaaaat t acaa
aaaat t gt agcaat gaaat ccaccatt caatt acaacaagat cctctttcttgcacttgg
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Molecular Biology Information:

Protein Sequence

o 20 letter alphabet
O ACDEFGHI KLMNPQRSTVWY  but not BJQUXZ

« Strings of ~300 aa in an average protein (in bacteria),
~200 aa in a domain

e ~200 K known protein sequences

didhfa_
d8dfr__

dadfra_
d3dfr__

didhfa_
d8dfr__
dadfra_
d3dfr__

didhfa_
d8dfr__
dadfra_
d3dfr__

didhfa_
d8dfr__

dadfra_
d3dfr__

LNCI VAVSONME GKNGDLPWPPLRNEFRYFQRMI TTSSVEGKQ NLVI MGKKTWFSI
LNSI VAVCONMGE GKDGNL PWPPLRNEYKYFQRMI STSHVEGKQ NAVI MGKKTWFSI
I SLI AALAVDRVI GVENAMPVWN- LPADLAWFKRNTL- - - - - - - - NKPVI MCRHTVES
TAFLWAQDRDGL | GKDGHLPWH- LPDDLHYFRAQTV- - - - - - - - GKI MWWVGRRTYESF

LNCI VAVSONME GKNGDLPWPPLRNEFRYFQRMI TTSSVEGKQ NLVI MGKKTWFSI
LNSI VAVCONMGE GKDGNL PWPPLRNEYKYFQRMI STSHVEGKQ NAVI MGKKTWFSI
I SLI AALAVDRVI GVENAMPW NLPADLAWFKRNTLD- - - - - - - - KPVI MGRHTVESI
TAFLWAQDRNGL I GKDGHLPW HLPDDLHYFRAQTVG: - - - - - - - KI MVWWGRRTYESF

VPEKNRPLKGRI NLVL SREL KEPPQGAHFL SRSL DDAL KL TEQPEL ANKVDMWW VGGSSVYKEAMNHP
VPEKNRPLKDRI NI VL SREL KEAPKGAHYL SKSL DDAL AL L DSPEL KSKVDMVW VGGTAVYKAAMEKP
- - - G RPLPGRKNI | LS- SQPGTDDRV- TWKSVDEAI AACCDVP- - - - - - El WI GGCRVYEQFLPKA
- - - PKRPLPERTNWVL THQEDYQAQGA- VWWHDVAAVFAYAKQHLDQ- - - - ELVI AGGAQ FTAFKDDV

- PEKNRPLKGRI NLVL SREL KEPPQGAHFL SRSL DDAL KL TEQPEL ANKVDWW VGGSSVYKEAMNHP
- PEKNRPLKDRI NI VL SREL KEAPKGAHYL SKSL DDAL AL L DSPEL KSKVDWW VGGTAVYKAAMEKP
- G - - RPLPGRKNI | LSSSQPGTDDRV- TWKSVDEAI AACCDVPE- - - - - I MVI GGGRVYEQFLPKA
- P- - KRPLPERTNWVL THQEDYQAQGA- VWWHDVAAVFAYAKQHLD- - - - QELVI AGGAQ FTAFKDDV
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Molecular Biology Information:
Macromolecular Structure

* DNA/RNA/Protein

¢ Almost all protein

(RNA Adapted Frol
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 Statistics on Number of XYZ triplets

ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM

ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
TER

Molecular Biology Information:

Protein Structure Detalls

¢ 200 residues/domain - > 200 CA atoms, separated by 3.8 A

¢ Avg. Residue is Leu: 4 backbone atoms + 4 sidechain atoms, 150 cubic A
e => ~1500 xyz triplets (=8x200) per protein domain

¢ 10 K known domain, ~300 folds
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Molecular Biology Information:
Whole Genomes

« The Revolution Driving Everything
FIeiSChmann, R. D., Adams, M. D., White, O., Clayton, R. A., Kirkness, E. F.,

Kerlavage, A. R., Bult, C. J., Tomb, J. F., Dougherty, B. A., Merrick, J. M., McKenney, K.,
Sutton, G., Fitzhugh, W., Fields, C., Gocayne, J. D., Scott, J., Shirley, R., Liu, L. I., Glodek, A.,
Kelley, J. M., Weidman, J. F., Phillips, C. A., Spriggs, T., Hedblom, E., Cotton, M. D.,
Utterback, T. R., Hanna, M. C., Nguyen, D. T., Saudek, D. M., Brandon, R. C., Fine, L. D.,
Fritchman, J. L., Fuhrmann, J. L., Geoghagen, N. S. M., Gnehm, C. L., McDonald, L. A., Small,

K. V., Fraser, C. M., Smith, H. O. &Ve nte r, J.C. (1995) "Whole-genome
random sequencing and assembly of H ae mOph | | US influenzae rd."
Science zeo. 496-512.

(Picture adapted from TIGR website,
http://www.tigr.org)

 Integrative Data
1995, HI (bacteria): 1.6 Mb & 1600 genes done
1997, yeast: 13 Mb & ~6000 genes for yeast
1998: 14 completed genomes!

1998, worm: 75 of 100 Mb done
with 13 K genes so far

2003, human: 3 Gb & 100 K genes... 3
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Molecular Biology Information:
Other Integrative Data

gincose §-phosphrte

* Information to e

understand genomes i P
¢ Metabolic Pathways m‘i/
(glycolysis), traditional '
biochemistry e
0 Regulatory Networks R

¢ Whole Organisms
Phylogeny, traditional
zoology

¢ Environments, Habitats, °
ecology

¢ The Literature
(MEDLINE)

 The Future....

(Pathway drawing from P Karp’s EcoCyc, Phylogeny
from S J Gould, Dinosaur in a Haystack)
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Molecular Biology Information:
Redundancy and Multiplicity

 Different Sequences Have the Same Structure
e Organism has many similar genes
* Single Gene May Have Multiple Functions

 Genomic Sequence Redundancy due to the Genetic
Code

(idea from D Brutlag, Stanford)

10
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Explonential Growth of Data Matched
by Development of Computer
Technology

Internet

e CPU vs Disk & Net Hosts

¢ As important as the

increase in computer
speed has been, the
ability to store large 1
amounts of N
information on
computers is even
more crucial

1868 1973 s [ ] 1384 13 1933 oo

140
* Driving Force in 1205
.. ] 1100 & ~
Bioinformatics Num. leo S2
Protein 20
(Internet picture adapted Domain 760 c &
from D Brutlag, Stanford) 1 40 =
Structures 2
o
120 (5
t } 0
1980 1985 1990 1995
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New Paradigm for
Scientific Computing

e Because of e Physics
Increase In data and ¢ Prediction based on physical
|mprovement N computers, principles
new calculations become ¢ Exact Determination of Rocket
possible Trajectory

.. . ¢ Supercomputer, CPU
 But Bioinformatics has a new

style of calculation... * Biology
0 Two Paradigms ¢ Classifying information and

discovering unexpected
relationships

¢ globin ~ colicin~ plastocyanin~
repressor
¢ networks, “federated” database

12
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General Types of “Informatics”

IN Bioinformatics

e Databases
¢ Building, Querying
¢ Object DB
o Text String Comparison
¢ Text Search
¢ 1D Alignment
¢ Significance Statistics
¢ Alta Vista, grep

* Finding Patterns
¢ Al / Machine Learning
¢ Clustering

 Geometry
¢ Robotics
¢ Graphics (Surfaces, Volumes)
¢ Comparison and 3D Matching
(Visision, recognition)
* Physical Simulation
¢ Newtonian Mechanics
¢ Electrostatics
¢ Numerical Algorithms
¢ Simulation

13
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Course Format

 New Field, Indisciplinary « Final Project

¢ No Universal Canon ¢ Critically Review an area

¢ No Universal Background ¢ Critically Analyze Data
 Discussion, NOT Lecture ¢ Propose a New Approach

Format ¢ Implement a New Approach

0 Theoretical Background, Ideas » Computer Coding

O Interactive ¢ Summarize an area in detalil

« Computer Implementation?

e Demos? P P

Class Participation
¢ Come to class! Ask questions

¢ 1-2 Short Assignments Related to
this

14
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Background

Math

Biology

Need to Know

Calculation of Standard

DNA, RNA, alpha-

P-value of .01 and an Extreme
Value Distribution

Today Deviation, a Bell-shaped helix, the cell nucleus,
Distribution (of test scores), ATP
a 3D vector
What You'll Force is the Derivative (grad) of |Proteins are tightly
Learn Energy, Rotation Matrices (3D), a | packed, sequence

homology twilight
zone, protein families

Not Necessary
at all

Poisson-Boltzman Equation,
Design a Hashing Function, Write
a Recursive Descent Parser

What GroEL does, a
worm is a metazoa, E.
coli is gram negative,
what chemokines are

15
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Computer Ability

» Course Website
¢ http://bioinfo.mbb.yale.edu/course
¢ http://bioinfo.mbb.yale.edu/course/survey.txt
¢ Mark.Gerstein@yale.edu
¢ Some Lectures at http://bioinfo.mbb.yale.edu/course/classes

* Will need to be able to read and write web pages
¢ Read now, HTML “coding” will be explained later
¢ Read PDF files via acrobat reader
 http://www.adobe.com/prodindex/acrobat/readstep.html
¢ Put Final Project on Course Website -- Project Gallery

e Programming in C or Perl Optional

16
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Survey (Assignment QO!)

 http://bioinfo.mbb.yale.edu/course/survey.txt

bio -

. Z
I P

—ntarmahcs
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Time Change

* Longer Format, Starting Next Monday

e Preferred:

Monday and Wednesday 9:30-10:45,
NOT Friday

 Also possible:
Monday and Wednesday 9:05-10:20,
NOT Friday

18
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Limits

19
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Specific Course Topics -- Sequences

e Sequence Alignment e Scoring schemes and
0 non-exact string matching Matching statistics
¢ How to align two strings optimally ¢ How to tell if a given alignment or
¢ via Dynamic Programming match is statistically significant
0 Local vs Global Alignment ¢ A P-value (or an e-value)?
0 Hashing to increase speed ¢ Score Distributions
(BLAST) (extreme val. dist.)
0 Amino acid substitution scoring ¢ Low Complexity Sequences
matrices « Structure “Prediction”
« Multiple Alignment and 0 Secondary Structure Prediction,
Consensus Patterns Propensities
¢ How to align more than one ¢ TM-helix finding
sequence and then fuse the ¢ The wall, why tertiary structure is
result in a consensus so hard?
representation « Fold Recognition
¢ HMMs, Profiles « Threading

20
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Course Topics -- Structures

» Basic Protein Geometry and  Structural Alignment
Least-Squares Fitting O Aligning sequences on the basis
0 Distances, Angles, Axes, of 3D structure.
Rotations ¢ DP does not converge, unlike
« Calculating a helix axis in 3D sequences, what to do?
via fitting a line ¢ Other Approaches: Distance
O LSQ fit of 2 structures Matrices, Hashing
0 Molecular Graphics * Molecular Simulation
 Calculation of Volume and ¢ Geometry - > Energy - > Forces
Surface ¢ Basic interactions, potential

energy functions
¢ How structure changes over
time?
 How to measure the change
in a vector (gradient)
¢ Molecular Dynamics & MC
0 Energy Minimization 21

¢ How to represent a plane
¢ How to represent a solid
¢ How to calculate an area

¢ Docking and Drug Design as
Surface Matching
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Course Topics -- Databases

* Relational Database
Concepts
¢ Keys, Foreign Keys

¢ SQL, OODBMS, views, forms,
transactions, reports, indexes

¢ Joining Tables, Normalization

« Natural Join as "where"
selection on cross product

« Array Referencing (perl/dbm)

e Protein Units?

¢ What are the units of biological
information?

* sequence, structure
 motifs, modules, domains

¢ How classified: folds, motions,
pathways, functions?

e Clustering and Trees
¢ Basic clustering
« UPGMA
 single-linkage
« multiple linkage
¢ Other Methods

e Parsimony, Maximum
likelihood

¢ Evolutionary implications
 Genome Comparisons

¢ Ortholog Families, pathways

¢ Large-scale censuses

¢ Frequent Words Analysis

¢ Genome Annotation

22
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Are They or Aren’t They
Bioinformatics? (#1)

Digital Libraries
¢ Automated Bibliographic Search and Textual Comparison
¢ Knowledge bases for biological literature

Motif Discovery Using Gibb's Sampling

Methods for Structure Determination

¢ Computational Crystallography
* Refinement

¢ NMR Structure Determination
* Distance Geometry

Metabolic Pathway Simulation
The DNA Computer

23
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Are They or Aren’t They
Bioinformatics? (#1, Answers)

e (YES) Digital Libraries
¢ Automated Bibliographic Search and Textual Comparison
¢ Knowledge bases for biological literature

* ( YES) Motif Discovery Using Gibb’s Sampling
* (NO)

 (YES) Distance Geometry
* ( YES) Metabolic Pathway Simulation

* (NO

24
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Are They or Aren’t They
Bioinformatics? (#2)

* Gene identification by sequence inspection
¢ Prediction of splice sites

DNA methods in forensics

Modeling of Populations of Organisms
¢ Ecological Modeling

Genomic Sequencing Methods
¢ Assembling Contigs

¢ Physical and genetic mapping
Linkage Analysis

¢ Linking specific genes to various traits

25
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Are They or Aren’t They
Bioinformatics? (#2, Answers)

* ( YES) Gene identification by sequence inspection
¢ Prediction of splice sites

 ( YES) DNA methods in forensics
* (NO

* (NO?)

 (YES) Linkage Analysis

¢ Linking specific genes to various traits

26
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Are They or Aren’t They
Bioinformatics? (#3)

RNA structure prediction
|dentification in sequences

Radiological Image Processing
¢ Computational Representations for Human Anatomy (visible human)

Artificial Life Simulations

¢ Artificial Immunology / Computer Security
¢ Genetic Algorithms in molecular biology

Homology modeling

Determination of Phylogenies Based on Non-
molecular Organism Characteristics

« Computerized Diagnosis based on Genetic Analysis
(Pedigrees)

27



Are They or Aren’t They
Bioinformatics? (#3, Answers)

* (YES) RNA structure prediction
|dentification in sequences

* (NO
* (NO
* ( YES) Homology modeling
* (NO

* (NO

28



