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What is Bioinformatics? @

* (Molecular) Bio - informatics

* One idea for a definition?
Bioinformatics is conceptualizing biology in terms of
molecules (in the sense of physical-chemistry) and
then applying “informatics” techniques (derived
from disciplines such as applied math, CS, and
statistics) to understand and organize the
information associated with these molecules, on a

* Bioinformatics is “MIS” for Molecular Biology
Information. It is a practical discipline with many
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What is the Information?
Molecular Biology as an Information Science

» Central Paradigm

» Central Dogma o -
for Bioinformatics

of Molecular Biology

Genomic Sequence Information
-> mRNA (level)
-> Protein Sequence
-> Protein Structure
-> Protein Function
-> Phenotype

DNA
-> RNA
-> Protein
-> Phenotype
-> DNA

* Molecules
¢ Sequence, Structure, Function

* Processes
¢ Mechanism, Specificity, Regulation

» Large Amounts of Information
¢ Standardized
¢ Statistical

-~
=| 1= G . & j ‘ v 7, R Egﬂcﬂiséfféhﬁ?rp%'zgﬁ?s are performed or
> % b / 3 : *Primary biocatalyst
U - ey ﬁgd | «Cofactor transport/storage
o~ & -

*Mechanical motion/support
<Immune protection
«Information transfer (MRNA) ) -
«Genetic material -Protein synthesis (tRNA/mRNA) «Control of growth/differentiation
*Some catalytic activity
(idea from D Brutlag, Stanford, graphics from S Strobel)
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Molecular Biology Information - DNA

+ Raw DNA Sequence

atggcaattaaaattggtatcaatggttttggtcgtatcggecgtategtattecgtgea

O COdIng or NOt') gcacaacaccgtgatgacattgaagttgtaggtattaacgacttaatcgacgttgaatac
atggcttatatgttgaaatatgattcaactcacggtegtttcgacggcactgttgaagty

¢ Parse into genes? aaagatggtaacttagtggttaatggtaaaactatcegtgtaactgcagaacgtgatcca
gcaaacttaaactggggtgcaatcggtgttgatatcgetgttgaagegactggtttatte

() 4 bases . AGCT ttaactgatgaaactgctcgtaaacatatcactgcaggcgcaaaaaaagttgtattaact
ggcccatctaaagatgcaaccectatgttcgttegtggtgtaaacttcaacgeatacgea

O . ggtcaagatatcgtttctaacgcatcttgtacaacaaactgtttagetectttageacgt
~1 K in a gene, gttgttcatgaaactttcggtatcaaagatggtttaatgaccactgttcacgcaacgact

. caactcaaaaaactgtggatggtccatcagctaaagactggcgecggcggccgeggtgea

~2 M in genome Teacaaancatoattocatet toaacagst scagosanngiagtasstasegtat tacet

gcattaaacggtaaattaactggtatggctttcegtgttecaa aaacgtatctgtt
gttgatttaacagttaatcttgaaaaaccagcttettatgatgeaatcaaacaageaate
aaagatgcagcggaaggtaaaacgttcaatggegaattaaaaggegtattaggttacact
gaagatgctgttgtttctactgacttcaacggttgtgctttaacttctgtatttgatgea
gacgctggtatcgeattaactgattotttcegttaaattggtate

. caaaaatagggttaatatgaatctcgatctceattttgtteategtatteaa
acaagccaaaactcgtacaaatatgaccgcacttegetataaagaacacggettgtgg
cgagatatctcttggaaaaactttcaagagcaactcaatcaactttetegageattgett
gctcacaatattgacgtacaagataaaatcgecatttttgeccataatatggaacgttyg
gttgttcatgaaactttcggtatcaaagatggtttaatgaccactgttcacgcaacgact
acaatcgttgacattgcgaccttacaaattcgageaatcacagtgectatttacgeaace
aatacagcccagcaagcagaatttatcctaaatcacgccgatgtaaaaattctettegte
ggcgatcaagagcaatacgatcaaacattggaaattgcteateattgtecaaaattacaa
aaaattgtagcaatgaaatccaccattcaattacaacaagatcetctttettgcacttgg

Molecular Biology Information:
Protein Sequence

» 20 letter alphabet
0 ACDEFGHIKLMNPQRSTVWY butnot BJOUXZ

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

+ ~200 K known protein sequences

dldhfa  LNCIVAVSQNMGIGKNGDLPWPPLRNEFRYFQRMTTTSSVEGKQ-NLVIMGKKTWFSI
d8dfr  LNSIVAVCQNMGIGKDGNLPWPPLRNEYKYFQRMTSTSHVEGKQO-NAVIMGKKTWFSI
d4dfra_ ISLIAALAVDRVIGMENAMPWN-LPADLAWFKRNTL: ~NKPVIMGRHTWESI
d3dfr  TAFLWAQDRDGLIGKDGHLPWH-LPDDLHYFRAQTV GKIMVVGRRTYESF

dldhfa_ LNCIVAVSQNMGIGKNGDLPWPPLRNEFRYFQRMTTTSSVEGKQ-NLVIMGKKTWFSI
d8dfr  LNSIVAVCQNMGIGKDGNLPWPPLRNEYKYFQRMTSTSHVEGKQO-NAVIMGKKTWFST
d4dfra_ ISLIAALAVDRVIGMENAMPW-NLPADLAWFKRNTLD KPVIMGRHTWESI
d3dfr  TAFLWAQDRNGLIGKDGHLPW-HLPDDLHYFRAQTVG KIMVVGRRTYESF

dldhfa_ VPEKNRPLKGRINLVLSRELKEPPQGAHFLSRSLDDALKLTEQPELANKVDMVWIVGGSSVYKEAMNHP

d8dfr  VPEKNRPLKDRINIVLSRELKEAPKGAHYLSKSLDDALALLDSPELKSKVDMVWIVGGTAVYKAAMEKP
dddfra_ ---G-RPLPGRKNIILS-SQPGTDDRV-TWVKSVDEATAACGDVP EIMVIGGGRVYEQFLPKA
d3dfr _ ---PKRPLPERTNVVLTHOEDYQAQGA-VVVHDVAAVFAYAKOHLDQ ELVIAGGAQIFTAFKDDV

dldhfa_ -PEKNRPLKGRINLVLSRELKEPPQGAHFLSRSLDDALKLTEQPELANKVDMVWIVGGSSVYKEAMNHP

dsdfr KNRPLKDRINIVLS] KSKVDMVWIVGGTAVYKAAMEKP
d4dfra_ -G---RPLPGRKNIILSSSQPGTDDRV- IMVIGGGRVYEQFLPKA
d3dfr__ -P--KRPL THOEDYQAQGA-VVVHD QELVIAGGAQIFTAFKDDV
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 DNA/RNA/Protein

¢ Almost all protein

(RNA Adapted From D Sl Web Page.
“Top Protein from M Levi web page)

Molecular Biology Information:

Macromolecular Structure
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Molecular Biology Information:
Protein Structure Details

+ Statistics on Number of XYZ triplets
¢ 200 residues/domain -> 200 CA atoms, separated by 3.8 A
¢ Avg. Residue is Leu: 4 backbone atoms + 4 sidechain atoms, 150 cubic A

ATOM

ATOM
ATOM
ATOM
ATOM
ATOM
TER

« => ~1500 xyz triplets (=8x200) per protein domain

¢ 10 K known domain, ~300 folds

1GKY 67

c 0
o acE 0 1GKY 68
CH3 ACE 0 1GKY 69
N SER 1 1GKY 70
cn sER 1 1KY 71
c  sER 1 1KY 72 /
0 sEr 1 1GKY 73
CB  SER 1 1GKY 74 o] @
0G  SER 1 1GKY 75 @ |
N ARG 2 .00 36. 1GKY 76
CA ARG 2 .00 30. 1KY 77 . (9\'\] E
c ARG 2 .0 . 1GKY 78 \M/ g ® v
186 13.836 22.263 57.567 1.00 55.06 1GKY1510 fb"\_f'////
186 12.422 22.452 58.180 1.00 53.45 1GKY1511
186 11.531 21.198 58.185 1.00 49.88 1GKY1512
186 11.452 20.402 56.860 1.00 48.15 1GKY1513 3_8@’
186 10.735 21.104 55.811 1.00 48.41 1GKY1514
186 16.887 23.841 56.647 1.00 62.94 1GKY1515
186 1GKY1516
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Molecular Biology R
Information:
Whole Genomes =

* The Revolution Driving Everything  m—
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.,

SPNR Y
e AN e Y B
ARy, R

Fritchman, J. L., Fuhrmann, J. L., Geoghagen, N. S. M., Gnehm, C. L., McDonald, L. A.,
Small, K. V., Fraser, C. M. smith, 1. 0.& VENtEr, y.c. (1 995) "Whole-
genome random sequencing and assembly of Haemo p hilus infuenzae ra-]
Science 2. ss6.512.

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

Genome sequence now
accumulate so quickly that,
in less than a week, a
single laboratory can

* Integrative Data produce more bits of data
1995, HI (bacteria): 1.6 Mb & 1600 genes done than Shakespeare

1997, yeast: 13 Mb & ~6000 genes for yeast managed in a lifetime,
1998, worm: ~100Mb with 19 K genes although the latter make
1999: >30 completed genomes! better reading.

2003, human: 3 Gb & 100 K genes...
-- G A Pekso, Nature 401: 115-116 (1999)
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1995

a Genomes

Bacteria, wm{‘_ﬂ’m . .
6 Mo, P highlight
~1600 genes "

[Science 269: 496]

the

1997 Finiteness
of the
Eukaryote, « b s
13 Mb, Parts” in
~6K genes —_—

[Nature 387: 1]

Biology

real thing, Apr ‘00

1998

Animal, S
~100 Mb, ’ Genome
~20K genes | Sequence
[Science 282: |
1945]

20007

Human,
~3 Gb,
~100K

genes [?777] ‘98 spoof




Dissecting the Regtlalory Circuitry
of a Eukaryotic Genome

_(;JJ.‘LLQi

Thc Bmwn I ab

Gene Expression
Datasets: the
Transcriptome

A wtem for
production, localization, and function in
Saccharomyees cerevisiae

protein

5 OTOTTTO, |bb.yale.edu

Brown, parray,

Rel. Exp. over Protein

Timecourse

Also: SAGE;
Samson and
Church, Chips;
Aebersold,

Expression

Transposons,

Protein Exp. | ,

Array Data

Yeast Expression Data in
Academia:
levels for all 6000 genes!

Can only sequence genome
once but can do an infinite
variety of these array
experiments

at 10 time points,
6000 x 10 = 60K floats

LASER | Euission)
EMWW—-{}_ AnAANY [ —
& VB E ""
< y
v e . |
== \ / 1 HiERDAREAY | - |
EXCTATION | ® |
G- L Scas ARERY 5
SuPBRINPESE. (HASES
ANBLYEIE
T
(1) Excer FiLfs = cione Nakes  (u-me)
(3) Ereec FLES - ARRANGEMENT OF CLONES OA ARRAY
(3) TIFF. FILES — [NAGES OF INPIVDusL BHISSION CHANNELY
i el ¢ ¥ o Fuersrcnd Te/smy or
: =  Raw ATH s
(@) e Fres PATK = CoTs Gt Mmian =

o R HACHINES
DT

mﬁ"lf—

mnnus- /\

N

= eydicyS Ranos
— Lk by ek o crone

telling signal from
background

(courtesy of J Hager)
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microarrays

» Affymetrix
» Oligos

— Don’t have to know sequence

» Glass slides
¢ Pat brown
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ReroRTS
Functional Characterization of
the S. cerevisiae Genome by
Gene Deletion and Parallel
Analysis

Elizabeth A. Winzeler,™* Daniel D. Shoemaker,** Anna Astromoff,'*
Hong Liang.™* Keith Anderson,’ Bruno Angea.t-Rhanda Banahamt

Other Whole-

Rocls Benit,® Jef D. Boeke.® Howard
Carla Connelly,* Karen Davis," Fred Dietr{ —— *
Mohamed El Bakkoury,” Frangolse Foury ~ -
Erik Gentalen,” Gurl Glaever." Joha
Ted Jones,” Michael Laub," Hong Liao
David J. Lockhart," Anca Lucau-Dar)
Nasiha MRabet,” Patrice Menard,”
Chai Pal,” Corinne Reblschung.® Jose L.
Christopher J. Roberts,” Petra Ross-Macl
Michael Snyder,* Sharon Seokhal-Mahadd
Steeve Véronneau,” Marleen Voet, | -
Teresa R. Ward.* Robert Wysacki," Grl
Katja Zimmermann,' Peter |-~
Mark Johnston," Renald V|-~

The functions of many spen reading frames
sequencing projects s unknown, New, whole-gef
, deterrvine theit function. A |

cerenisine suains were constucted by  bigh thf*
a presise deletion of ane of 2026 ORFS (more tha
genorme). Of the deleted ORFs, 17 percent werd
medium. The phenotypes of mare than 500 de
parallel.

in either rich or mirémal medium

LIS

Systematic Knockouts

Genome
Experiments

|

&

P [
et iy ELSLVIER R p—
R

13 W

Construction of a modular yeast two-hybrid cDNA library from human
] EST clones for the human genome protein linkage map

Winzeler, E. A., Shoemaker, D. D.,
Astromoff, A., Liang, H., Anderson, K.,
Andre, B., Bangham, R., Benito, R.,
Boeke, J. D., Bussey, H., Chu, A. M.,
Connelly, C., Davis, K., Dietrich, F.,
Dow, S. W., El Bakkoury, M., Foury, F.,
Friend, S. H., Gentalen, E., Giaever, G.,
Hegemann, J. H., Jones, T., Laub, M.,
Liao, H., Davis, R. W. & et al. (1999).
Functional characterization of the S.
cerevisiae genome by gene deletion and
parallel analysis. Science 285, 901-6

2 hybrids, linkage maps
Hua, S. B., Luo, Y., Qiu, M., Chan, E., Zhou, H. &
Zhu, L. (1998). Construction of a modular yeast
two-hybrid cDNA library from human EST clones for
the human genome protein linkage map. Gene 215,
143-52

For yeast:

6000 x 6000/ 2

~ 18M interactions




Molecular Biology Information:
Other Integrative Data

« Information to e R
understand genomes i P rer—
¢ Metabolic Pathways ‘E'{g
(glycolysis), traditional

biochemistry

¢ Regulatory Networks

¢ Whole Organisms
Phylogeny, traditional
zoology

¢ Environments, Habitats, *
ecology

0 The Literature
(MEDLINE)

* The Future....

(Pathway drawing from P Karp’s EcoCyc, Phylogeny
from S J Gould, Dinosaur in a Haystack)

L]
u
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What is Bioinformatics?

* (Molecular) Bio - informatics

* One idea for a definition?
Bioinformatics is conceptualizing biology in terms of
molecules (in the sense of physical-chemistry) and
then applying “informatics” techniques (derived
from disciplines such as applied math, CS, and
statistics) to understand and organize_the
information_associated with these molecules, on a

+ Bioinformatics is “MIS” for Molecular Biology
Information. It is a practical discipline with many
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TR ||

File Edit Wiew Go Communicator

Help ||

20 feomn £8 F

=

7§ Bookmarks & Lacation: [http. /. ncbi.nln. nik. gov/Gerbank/gent | 7| @17 Whats Related f b
o E | | Information:
> N I8 GenBank Statistics G
enBank
Growth of GenBank G th
row 2
' 19000 GenBank Data S
9000 Year Base Pairs Sequences _;‘
6 1982 |680338 606 a
8000 1983 |2274029 2427 £
- 5 s g LIl [1984  [3368765 4175 ..g
H £ 1985  |5204420 5700 5
g, w0 £ 1986 9615371 9978 5
5 oo B 1987 15514776 14584 P
g 5 1988 23800000 20579 s
g wo £ 1989 |34762585 28791 =
@ s 1990 49179285 39533 o
2 swo & 1991 71947426 55627 2
G 1992 [101008486 78608 £
14| ——Senences 1993 |157152442 143492 2
1000 1994 [217102462 215273 5
ol o 1995  |384939485 555694 g
2 = 1996 651972984 1021211 <
i A .| [1987 _[1760300687 1765847 S
H : m= 1998 |2008761784 2837897 =
= [ms T | Ae W dP @ 2| [1999 3841163011 4864570 -
2000 |8604221980 7077491 ~
Information:

Explonential Growth of Data Matched by

Development of Computer Technology

¢ CPU vs Disk & Net

¢ As important as the
increase in computer
speed has been, the
ability to store large
amounts of
information on
computers is even

more crucial
* Driving Force in
Bioinformatics Num.
) Protein
i Domain
Structures

Internet
Hosts

o
S

3
CPU Instruction
Time (ns)
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Residues

3,0E+09
25E+09
2,0E+08
1,5E+08
1,0E+08
5,0E+08
0,0E+00

Bioinformatics

is born!

——Residues
—e— Pasitions

Pogitions

S o= 3 B @ @D

a2

B4
Year

96 98

Growth in number of residues in Genbank, a central database for sequence
data, compared to the requesl for people with competence in bicinformatics.
The request for scientists is estimated from the number of relevant positions.
advertised in the first number of Nature in March and September of each

year.

ORCE Mo BECOME.
INFORMED, Yo START
SEEING COMPLEXITIES
HHD OSUADES. -

OF GRAY sy
e

10U REALIZE THAT NOTHING | BENG A MAN OF ACTION,
15 K5 CLEAR MND SIMME | [ CANT AFFORD T TRKE
A5 T FIRST APPERRS, THAT RISk .
MLTWMATELY,  KMOWLEDGE. [~

15 PARALNZING . 1 e

v,
i BUT AT LEMST
Mz

it
1
.‘)
(=

B Wabtersen, “Theve's freasure cverpwobore®, Asdrems and MeMeed, 1995

(courtesy of Finn Drablos)
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Weber
Cartoon

"Don't just sit there! If you've processed all
the data there is, go out and find more datal”

Reproduced in R.L. Weber, "4 random waik in science”, 1OP Publishing, 1973
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Comprehensive
Understanding of The Next Step

Gene Function on after the sequence:

a Genomic Scale

Proteomics
Expression
Analysis
Structural
Genomics,
Protein
Interactions

INTEREN IC. BEGIONS

Step 1: The
genome

sequence and
genes Evolutionary Implications of Intergenic

Regions as Gene Graveyard

Pseudogenes, Regulatory
Regions, Repeats
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= proteomics
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What is Bioinformatics?

* (Molecular) Bio - informatics

* One idea for a definition?
Bioinformatics is conceptualizing biology in terms of
molecules (in the sense of physical-chemistry) and
then applying “informatics” techniques (derived
from disciplines such as applied math, CS, and
statistics) to understand and organize the
information associated with these molecules, on a

* Bioinformatics is “MIS” for Molecular Biology
Information. It is a practical discipline with many

‘ 23 (c) Mark Gerstein, 1999, Yale, bioinfo.mbb.yale.edu

Organizing o

Molecular Biology
Information: — >/
Redundancy and

Multiplicity sty Lt

* Different Sequences Have the o
Same Structure

» Organism has many similar genes @
» Single Gene May Have Multiple
Functions
Integrative Genomics -

» Genes are grouped into Pathways
genes <> structures &

» Genomic Sequence Redundancy functions <> pathways <
due to the Genetic Code expression levels <>

. regulatory systems <> ....
* How do we find the
similarities?.....
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Molecular Parts = Conserved

Domains, Folds, &c

What is a Conserved Domain?

Dormaiss oo be oot of o fonctional sadlor eractund wete of o pavtian Theds tee
ol b A

Polypeptide thaon abes caming & epifuc hunctiac, TypeiaBy domama ain idnslied sd
. who sontaza, Tha smgs

4 o
chidn A (CBeh o tha fipare 1 beach this view i 00000

o tis query regoecs, e CD-Suaceh purvive wondd ity ha ¢
(el o tho gy "

retambiaed B AV erest aTin fesene

seqeence aad steichzn waalpsis

in ¢ B sematile, which allew far thiiy

o Irpepnie sequesces 4

ey —— ] - e
ThaCD aer

‘mengt1s spmemarically esbert these
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A Parts List Approach to Bike Maintenance

How many roles
can these play?
How flexible and
adaptable are they
mechanically?

What are the
shared parts (bolt,
nut, washer, ,
bearing), unique
parts (

)? What are
the common parts -
- types of parts
(nuts & washers)?

. e

Where are
the parts

located?

‘ 27 (c) Mark Gerstein, 1999, Yale, bioinfo.mbb.yale.€¢dt
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PDB Content Growth

'| Fundamentally New (Fold)
Parts Not Increasing that

Fast

& Netrcape: PDB Curvent Holdings
Fie Edit View Go C Help |

493 fad 340 B =
[ [ e {5 %5 @ 7| " Bootmarks & Location: htte: /vvv. ceab. org/pdbboldings htal o €4 wnats nauuy
T=="""""PDB Growth in New Folds

T

4000
3500 ¢
Total in Databank el
2500 1
2000

Chains

New Submissions

1500

1000 £
5007

New Folds
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World of Structures is even more Finite,
providing a valuable simplification
| =1 ~100000 gene

~1000 folds

(human)

(T. pallidum)

Same logic for pathways, functions, Fﬁ.&}% a{“ll'é’!! '.:,SP‘ .
’Il e

sequence families, blocks, motifs.... !iirgﬁz
Global Surveys of a Ufrr s MLE
.. L I .Xr
Finite Set of Parts from prgpejis | "'l
Many Perspectives ffii)!ﬁ’ ?3‘: 1‘4.@
e oy Sl e i Fﬁi’i“*ﬁ?%g

Y
leB\ cks, DmoWITCATHS p
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What is Bioinformatics?

* (Molecular) Bio - informatics

* One idea for a definition?
Bioinformatics is conceptualizing biology in terms of
molecules (in the sense of physical-chemistry) and
then applying “informatics” techniques (derived
from disciplines such as applied math, CS, and
statistics) to understand and organize_the
information_associated with these molecules, on a

+ Bioinformatics is “MIS” for Molecular Biology
Information. It is a practical discipline with many

‘ 30 (c) Mark Gerstein, 1999, Yale, bioinfo.mbb.yale.edu




General Types of

“Informatics” techniques

in Bioinformatics

» Databases

¢ Building, Querying

¢ Object DB

» Text String Comparison
0 Text Search

¢ 1D Alignment

¢ Significance Statistics
0 Alta Vista, grep

* Finding Patterns

¢ Al / Machine Learning
¢ Clustering

¢ Datamining

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

‘ 31 (c) Mark Gerstein, 1999, Yale, bioinfo.mbb.yale.edu

Bioinformatics as New Paradigm for

Scientific Computing

* Physics

0

O

Prediction based on physical
principles

EX: Exact Determination of
Rocket Trajectory

¢ Emphasizes: Supercomputer,
CPU
Biology

O

Classifying information and
discovering unexpected
relationships

EX: Gene Expression Network

Emphasizes: networks,
“federated” database

‘ 32 (c) Mark Gerstein, 1999, Yale, bioinfo.mbb.yale.edu




Bioinformatics, Genomic

Statistical Surveys
Physics Ve
vs. |
Classical Chemical
- Understanding,
Ph YSICS Mechanism,

Molecular Biology

‘ 33 (c) Mark Gerstein, 1999, Yale, bioinfo.mbb.yale.edu

End of class 2002,09.09

(Bioinfo-1)
[next class joins intro & seqs.]
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Bioinformatics Topics --
Genome Sequence

* Finding Genes in Genomic
DNA
¢ introns
¢ exons
¢ promotors
» Characterizing Repeats in
Genomic DNA
¢ Statistics
¢ Patterns

* Duplications in the Genome

» Sequence Alignment

0 non-exact string matching, gaps BIOIHfO 'm atICS

¢ How to align two strings optimally

via Dynamic Programming TOQ'CS ==

¢ Local vs Global Alignment .
o Suboptimal Algnment Protein Sequence
¢ Hashing to increase speed

(BLAST, FASTA) « Scoring schemes and
¢ Amino acid substitution scoring Matching statistics

matrices . . .

. . ¢ How to tell if a given alignment or
* Multiple Alignment and match is statistically significant
Consensus Patterns 0 A P-value (or an e-value)?

¢ How to align more than one ¢ Score Distributions

sequence and then fuse the (extreme val. dist.)

result in a consensus 0 Low Complexity Sequences

representation
¢ Transitive Comparisons
¢ HMMs, Profiles
¢ Motifs
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Bioinformatics e o e 5

detted line, bringing eharged residues of 'A' into close

Topics --
Sequence /

proximity 1o ionic groups om outer surface of helix B ,,."

?a

Structure
 Secondary Structure .
“ Pred I Ctlon” Reproduced in U, Tollemar, “Frofein Engineering § USA™, Sveriges Teknivka

Amachéer, 1988

¢ via Propensities
0 Neural Networks, Genetic  « Tertiary Structure Prediction

Alg.

¢ Fold Recognition

¢ Simple Statistics

¢ Threadi
¢ TM-helix finding 0 Abrﬁfi‘ﬁ;ng
¢ Assessing Secondary . Lo
Structure Prediction * Function Prediction

O Active site identification

* Relation of Sequence Similarity to
Structural Similarity

‘ 37 (c) Mark Gerstein, 1999, Yale, bioinfo.mbb.yale.edu

Topics -- Structures

+ Basic Protein Geometry and + Structural Alignment
Least-Squares Fitting 0 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
0 LSQ fit of 2 structures Matrices, Hashing
0 Molecular Graphics ¢ Fold Library
+ Calculation of Volume and
Surface
¢ How to represent a plane
¢ How to represent a solid
¢ How to calculate an area
¢ Docking and Drug Design as
Surface Matching
¢ Packing Measurement
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« Relational Database TOQiCS -

Concepts

¢ Keys, Foreign Keys Data bases

¢ SQL, OODBMS, views, forms,

transactions, reports, indexes . Clustering and Trees
¢ Joining Tables, Normalization 0 Basic clustering

* Natural Join as "where" « UPGMA
selection on cross product

» Array Referencing (perl/dbm)
¢ Forms and Reports
¢ Cross-tabulation

+ single-linkage
* multiple linkage
0 Other Methods
+ Parsimony, Maximum

* Protein Units? likelihood
¢ What are the units of biological ¢ Evolutionary implications
i ion? .
information’ + The Bias Problem

* sequence, structure
» motifs, modules, domains

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

¢ sequence weighting
¢ sampling
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Topics -- Genomics

» Expression Analysis + Genome Comparisons
¢ Time Courses clustering
0 Measuring differences
¢ Identifying Regulatory Regions
» Large scale cross referencing
of information

» Function Classification and

Ortholog Families, pathways
Large-scale censuses
Frequent Words Analysis
Genome Annotation

Trees from Genomes
Identification of interacting

(el R R I e

proteins
Orthologs
» The Genomic vs. Single- « Structural Genomics
molecule Perspective 0 Folds in Genomes, shared &

common folds
¢ Bulk Structure Prediction

+ Genome Trees
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Topics -- Simulation

* Molecular Simulation
0 Geometry -> Energy -> Forces

<

LIRS B e R e

Basic interactions, potential
energy functions

Electrostatics
VDW Forces
Bonds as Springs

How structure changes over
time?

* How to measure the change

in a vector (gradient)
Molecular Dynamics & MC
Energy Minimization

» Parameter Sets
* Number Density

» Poisson-Boltzman Equation

« Lattice Models and
Simplification
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Bioinformatics

Spectrum

Breadth: Homologs, Large-scale Surveys, Informatics—

Genome

Sequence

Protein
Sequence

ALMNAKKKPQORT

ALMNAKKKPQORT Prpehtid

pairwise multiple aligr ’
sequence & structure | patterns, templates, d"hﬂha“ﬁ- ’r“”'lng
alignment trees schemes, censuses
1 2 3-100
ALMNAKKKPQQRT

AR KPP AR CRT
MR WA K HPGAT

Protein
Structure

AN OO<EORT

Protein
Surface

molecular
simulation

Ligand
Complex

«(so1shyd) ubiseqg Bnig euoney HAeq
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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

‘ 43 (c) Mark Gerstein, 1999, Yale, bioinfo.mbb.yale.edu

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

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

* RNA structure prediction

Identification 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)

‘ 47 (c) Mark Gerstein, 1999, Yale, bioinfo.mbb.yale.edu

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

* (YES) RNA structure prediction
Identification in sequences
* (NO)

* (NO)

¢ (NO?)
* (YES) Homology modeling
* (NO)

* (NO)
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What is Bioinformatics?

* (Molecular) Bio - informatics

* One idea for a definition?
Bioinformatics is conceptualizing biology in terms of
molecules (in the sense of physical-chemistry) and
then applying “informatics” techniques (derived
from disciplines such as applied math, CS, and
statistics) to understand and organize the
information associated with these molecules, on a

* Bioinformatics is “MIS” for Molecular Biology
Information. It is a practical discipline with many

‘ 49 (c) Mark Gerstein, 1999, Yale, bioinfo.mbb.yale.edu

Major |: @

Designing Drugs

* Understanding How Structures Bind Other Molecules (Function)
 Designing Inhibitors
» Docking, Structure Modeling

(From left to right, figures adapted from Olsen Group Docking Page at Scripps, Dyson NMR Group Web page at Scripps, and from
Computational Chemistry Page at Cornell Theory Center).
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Maijor Application ll: Finding Homologs

— IERIEEIIIECER E

1 ISOLATE HUMAN DNA SEQUENCE
.. GAGAACTGTTTAGATGCAAAATCCACAAGT ...

2 TRANSLATE DNA SEQUENCE INTO AMINO
ACID SEQUENCES

... ENCLDAKSTS ..

3 FIND SIMILAR SEQUENCES IN DATA-

BASES OF MODEL ORGANISM PROTEINS
( reflect greal differences;
, smaller variations) 5 FIND DRUG THAT
4 MODEL HUMAN PROTEIN ~ BINDSTO
HUMAN ..ENCLDAZKST S .. STRUCTUREBASEDON MODELED
KNOWN STRUCTURE oF  PROTEIN
A SIMILAR PROTEIN FROM
FLY A MODEL ORGANISM
(D. melanogaster) \ --ENSLDAQSTH .. (red area is encoded by the
sequence shown)
e .,ENSLDAGATE ..
(C. elegans)
°
°
YEAST t%:,ov ..ENS I DANATM ...
(8. cerevisiae)
o,
BACTERIA & .ENSLDAGATR .
(E.coli )
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Major Application lI:
Finding Homologues

* Find Similar Ones in Different Organisms

* Human vs. Mouse vs. Yeast
¢ Easier to do Expts. on latter!

(Section from NCBI Disease Genes Database Reproduced Below.)

Best Sequence Similarity Matches to Date Between Positionally Cloned

Human Genes and S. cerevisiae Proteins

Human Disease MIM & Human GpnBank BLASIX Yeast GenBank Yeast Gene

Gene Abc# for P-vallue Gene Acc# for Description

jluman cDNA Yeast CDNA

Hereditary Non-polyposis Colon Cancer 120436 Msh2 U03911 9. JSH2 M84170 DNA repair protein
Hereditary Non-polyposis Colon Cancer 120436 M 007418 6. H1 007187 DNA repair protein
Cystic Fibrosis 219700 CFTR  M28668 1. YCF1 135237 Metal resistance protein
Wilson Disease 277900 WND \_ U11700 5. cce2 136317 Probable copper transporter
Glycerol Kinase Deficiency 307030 GK 113943 1. GUTL X69049 Glycerol kinase
Bloom Syndrome 210900 BLM  USQ9817 2. sGs1 U22341 Helicase
Adrenoleukodystrophy, X-linked 300100 ALD 221876 572 PXAL 017065 Peroxisomal ABC transporter
Ataxia Telangiectasia 208900 ATM  U26455 2. TELL U31331 PI3 kinase
Amyotrophic Lateral Sclerosis 105400 SOD1  K00065 2. sopL 303279 Superoxide dismutase
Myotonic Dystrophy 160900 DM 119268 5. YKL M21307 Serine/threonine protein kinase
Lowe Syndrome 309000 OCRL ~ M88162 1. YIL002C 247047 Putative IPP-5-phosphatase
Neurofibromatosis, Type 1 162200 NF1  M89914 2. IRA2 M33779 Inhibitory regulator protein
Choroideremia 303100 CHM X78121 2.le-42 GDI1 S69371 GDP dissociation inhibitor
Diastrophic Dysplasia 222600 DTD U14528 7.2e-38  SULL X82013 Sulfate permease
Lissencephaly 247200 LISl 113385 1.7e-34 MET30  L26505 Methionine metabolism
Thomsen Disease 160800 CLC1 225884 7. GEF1 223117 Voltage-gated chloride channel
Wilms Tumor 194070 WT1 X51630 1.1le-20 FZF1 X67787 Sulphite resistance protein
Achondroplasia 100800 FGFR3 M58051 2. TPL1 U07163 Serine/threoinine protein kinase
Menkes Syndrome 309400 MNK  X69208 2.1e-17  cce2 136317 Probable copper transporter
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Maijor Application II:
Finding Homologues (cont.)

» Cross-Referencing, one thing to another thing
» Sequence Comparison and Scoring
* Analogous Problems for Structure Comparison

» Comparison has two parts:
(1) Optimally Aligning 2 entities to get a Comparison Score
(2) Assessing Significance of this score in a given Context

* Integrated Presentation
¢ Align Sequences
¢ Align Structures
¢ Score in a Uniform Framework

‘ 53 (c) Mark Gerstein, 1999, Yale, bioinfo.mbb.yale.edu

Major Application I|I: @

Overall Genome Characterization

« Overall Occurrence of a L
Certain Feature in the w’ \
Genome N =

¢ e.g. how many kinases in Yeast mww,w;,.,w

* Compare Organisms and 4
Tissues . , B

¢ Expression levels in Cancerous vs T s
Normal Tissues

bacteria (HI)

» Databases, Statistics ﬂ
(Clock figures, yeast v. Synechocystis,
adapted from GeneQuiz Web Page, Sander Group, EBI)

archaeon (MJ)  eukaryote (SC)
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What do you get from large-scale T
datamining? Global statistics on ;.
the population of proteins ==

EX-1: Occurrence of
functions per fold &

EX-2: Occurrence of 1-4
salt bridges in genomes

interactions per fold
over all genomes

178 Rossmann
_- Ferredoxin

of thermophiles v
mesophiles

0.70

DEK(3)
WEK(4)

0.60
0.50
3

Hﬁl_. ‘. e

345678910 1213 161? 2223 020

L Hmu L]
=1 mpm 0.00
:" MP MG EC SC HP SS HI MT MJ AF AA OT
i 10to 45 ‘SS 85 83 95 98
Mesophile Thermophile
Physiological temperature in C
rr Hyanim

Functions

R |
NI |-.Flg

Number of Folds with Given Number of
i

Interactions

arr I

‘ 55 (c) Mark Gerstein, 1999, Yale, bioinfo.mbb.yale.edl;fT

Fie Edt View Go ﬁwmll*.dh' Hep
(6§83 d-3 440 @ o

z Fourth Community Wide
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T

Protein Structure Prediction

Integrative Genomic
Surveys of Many Proteins VS

from Many Perspectives x
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Bioinformatics
Subtopics

Homology
Modeling

Secondary
Structure
Prediction

Fold
Recognition

Docking &
Drug Design

Function

g Class-

. equence ification :

| Protein Alignment 2 Ec);(lpretss.lon
Geometry ustering

Database Y,
Design

Gene
Prediction

~ Genomic
Genome Surveys
Annotation

Protein
Flexibility

Large-Scale

Structure
Classification

super-secondary
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At What — 750 GGy smeegntetn ol M
Structural oo
Resolution '~ 4% h‘: gf ‘1@ ﬁ \

Are N ('%E} O K»L _\J\
Organisms <% . A QA {% %%
Different? ¢/ WY 0T

1m 100A 10A 1A

Practical
i e “<.| Relevance
(T. pallidum) 7’ kgi 2 by ! (Pathogen only folds
as possible targets)
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