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Bioinformatics

* A Very Broad Overview:
What Is Bioinformatics?

a Types of Information, Organizing Principles,
Informatics Techniques, Real-world Applications

 Example Calculation 1:
Datamining Genome Information

a Representing expression data and other features in
high-dimensional space; Discriminants

a Simple Bayesian analysis
 Example Calculation 2:
Aligning Text Strings
a Simple dynamic programming
a Adding in gaps and other complexities
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What I1s Bioinformatics?

e (Molecular) Bio -i nformati cs

e One idea for a definition?
Bioinformatics is conceptualizing biology in terms of

molecules (in the sense of physical-chemistry) and
then applying “informatics” technigues (derived
from disciplines such as applied math, CS, and
statistics) to understand and the
iInformation 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 Dogma . Centra_l Paradlgm
of Molecular Biology for Bioinformatics
DNA Genom ¢ Sequence I nformation
-> RNA -> MRNA (| evel)

_> Protein -> Protein Sequence
_> Phenot ype -> Protein Structure
-> DNA -> Protein Function

-> Phenot ype
 Molecules

a Sequence, Structure, Function

* Processes
a Mechanism, Specificity, Regulation

« Large Amounts of Information

a Standardized
a Statistical

-y
%1 — C A VA ¥, _ *Most cellular functions are performed or
facilitated by proteins.

*Primary biocatalyst
«Cofactor transport/storage
*Mechanical motion/support

) eImmune protection
Information transfer (MRNA)

«Genetic material *Protein synthesis (tRNA/mRNA) *Control of growth/differentiation
*Some catalytic activity
(ideafrom D Brutlag, Stanford, graphics from S Strobel)
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Molecular Biology Information - DNA

« Raw DNA Sequence

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

a COdlng or Not? gcacaacaccgt gat gacat t gaagt t gt aggt at t aacgact t aat cgacgt t gaat ac
. ] at ggctt at at gt t gaaat at gat t caact cacggt cgt tt cgacggcact gt t gaagt g
a Parse INnto genes? aaagat ggt aact t agt ggt t aat ggt aaaact at ccgt gt aact gcagaacgt gat cca
R gcaaact t aaact ggggt gcaat cggt gt t gat at cgct gt t gaagcgact ggtttattc
a 4 bas es: A(I:-r 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

\ . ggt caagat at cgt t t ct aacgcat ct t gt acaacaaact gt t t agct cct t t agcacgt
a ~1 K In a gene, gttgttcat gaaactttcggt at caaagat ggt t t aat gaccact gt t cacgcaacgact
. gcaact caaaaaact gt ggat ggt ccat cagct aaagact ggcgcggeggecgeggt gca

~2 M I N genOITE t cacaaaacat cat t ccat ct t caacaggt gcagcgaaagcagt aggt aaagt at t acct

gcatt aaacggt aaat t aact ggt at ggcttt ccgt gtt ccaacgccaaacgtatctgtt
gttgatttaacagttaat cttgaaaaaccagcttctt at gat gcaat caaacaagcaatc
aaagat gcagcggaaggt aaaacgt t caat ggcgaat t aaaaggcgt at t aggt t acact
gaagatgctgttgtttctactgacttcaacggttgtgctttaacttctgtatttgatgca
gacgct ggt at cgcattaactgattctttcgttaaattggtatc .

caaaaat agggt t aat at gaat ct cgat ct ccattttgttcatcgtattcaa
caacaagccaaaact cgt acaaat at gaccgcact t cgct at aaagaacacggct t gt gg
cgagat at ct ct t ggaaaaact t t caagagcaact caat caacttt ct cgagcatt gett
gct cacaat at t gacgt acaagat aaaat cgccat ttttgcccat aat at ggaacgtt gg
gttgttcat gaaactttcggt at caaagat ggt t t aat gaccact gt t cacgcaacgact
acaat cgtt gacat t gcgacct t acaaat t cgagcaat cacagt gcct att t 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
a ACDEFGHI KLMNPQRSTVWWY  but not BJOUXZ

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

e ~200 K known protein seguences

dldhfa_ LNC VAVSQNMSE GKNGDL PWPPLRNEFRYFQRMI TTSSVEGKQ NLVI MKKTWESI
d8dfr__ LNSI VAVCONMS GKDGNL PWPPLRNEYKYFQRMISTSHVEGKQ- NAVI MKKTWESI
d4dfra_ | SLI AALAVDRVI GVENAVPVWN- L PADLAWFKRNTL- - - - - - - - NKPVI MGRHTVESI
d3dfr__ TAFLWAQDRDGL| GKDGHLPWH- LPDDLHYFRAQTV- - - - - - - - GKI MWGRRTYESF

dldhfa_ LNC VAVSQNMSE GKNGDL PWPPLRNEFRYFQRMI TTSSVEGKQ NLVI MKKTWESI
d8dfr__ LNSI VAVCONME GKDGNL PWPPLRNEYKYFQRMI'STSHVEGKQ NAVI MKKTWFSI
d4dfra_ | SLI AALAVDRVI GVENAMPW NLPADLAWFKRNTLD- - - - - - - - KPVI MGRHTVAESI
d3dfr__ TAFLWAQDRNGLI GKDGHLPW HLPDDLHYFRAQTVG: - - - - - - - KI MWGRRTYESF

dldhfa_ VPEKNRPLKGRI NLVLSRELKEPPQGAH-L SRSL DDALKLTEQPEL ANKVDWW VGGSSVYKEAVNHP
d8dfr__ VPEKNRPLKDRI NI VL SREL KEAPKGAHYL SKSL DDALAL L DSPELKSKVDWW VGGTAVYKAAVEKP
d4dfra_ ---G RPLPGRKNI | LS- SQPGTDDRV- TWKSVDEAI AACGDVP- - - - - - El MW GGCRVYEQFLPKA
d3dfr__ - -- PKRPLPERTNVVLTHQEDYQAQGA- VWVHDVAAVFAYAKQHLDQ- - - - ELVI AGGAQ FTAFKDDV

d1dhfa_ - PEKNRPLKGRI NLVLSRELKEPPQGAHFL SRSLDDAL KL TEQPEL ANKVDMWW VGGSSVYKEAVNHP
d8dfr__ - PEKNRPLKDRI NI VL SRELKEAPKGAHYL SKSLDDALAL L DSPELKSKVDMWW VGGTAVYKAAVEKP
d4dfra_ -G - - RPLPGRKNI | LSSSQPGTDDRV- TWKSVDEAI AACGDVPE- - - - - | MVI GGGRVYEQFLPKA
d3dfr__ - P- - KRPLPERTNVVL THQEDYQAQGA- VWWHDVAAVFAYAKQHLD- - - - QELVI AGGAQ FTAFKDDV
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Molecular Biology Information:

Macromolecular Structure

« DNA/RNA/Protein
a Almost all protein

(RNA Adapted Frol Web Page,
Right Hand Top Protein from M Levitt web page)
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‘Identity elements” in Escherichia coli glutamine tRNA.
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Molecular Biology Information:
Protein Structure Detalls

» Statistics on Number of XYZ triplets

a 200 residues/domain - > 200 CA atoms, separated by 3.8 A
a Avg. Residue is Leu: 4 backbone atoms + 4 sidechain atoms, 150 cubic A
« => ~1500 xyz triplets (=8x200) per protein domain

a 10 K known domain, ~300 folds

ATOM 1 C ACE 0 9.401 30.166 60.595 1.00 49.88 1KY 67

ATOM 2 O ACE 0 10.432 30.832 60.722 1.00 50.35 1KY 68

ATOM 3 CH3 ACE 0 8.876 29.767 59.226 1.00 50.04 1KY 69

ATOM 4 N SER 1 8.753 29.755 61.685 1.00 49.13 1KY 70

ATOM 5 CA SER 1 9.242 30.200 62.974 1.00 46.62 IXY 71

ATOM 6 C SER 1 10.453 29.500 63.579 1.00 41.99 IXY 72 /

ATOM 7 O SER 1 10.593 29.607 64.814 1.00 43.24 1KY 73

ATOM 8 CB SER 1 8.052 30.189 63.974 1.00 53.00 1IXY 74 CI @
ATOM 9 OG SER 1 7.294 31.409 63.930 1.00 57.79 1KY 75 {:D j

ATOM 10 N ARG 2 11.360 28.819 62.827 1.00 36.48 1KY 76

ATOM 11 CA ARG 2 12.548 28.316 63.532 1.00 30.20 IXY 77 ) P /J\/m o
ATOM 12 C ARG 2 13.502 29.501 63.500 1.00 25.54 IXY 78 : H‘I\P/ d @ ol
ATOM 1444 CB LYS 186 13.836 22.263 57.567 1.00 55.06 1&KY1510 /A\/\_/

ATOM 1445 CG LYS 186 12.422 22.452 58.180 1.00 53.45 1G&KY1511

ATOM 1446 CD LYS 186 11.531 21.198 58.185 1.00 49.88 1G&KY1512

ATOM 1447 CE LYS 186 11.452 20.402 56.860 1.00 48.15 1G&KY1513 ‘B'Brﬁ)

ATOM 1448 NZ LYS 186 10.735 21.104 55.811 1.00 48.41 1&KY1514

ATOM 1449 OXT LYS 186 16.887 23.841 56.647 1.00 62.94 1&KY1515

TER 1450 LYS 186 1&XY1516
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Molecular Biology
Information:
Whole Genomes

L
/
 The Revolution Driving Everything  m— %,Hauw

F|€ISChmann, 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, ¢. M., smith. H. 0. e VENEEr. 3. c.(1995). whote-

genome random sequencing and assembly of H aemOph | | US influenzae rd."
ScCIeNnce 2ss: 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, worm: ~100Mb with 19 K genes
1999: >30 completed genomes!
2003, human: 3 Gb & 100 K genes...

Genome sequence now
accumulate so quickly that,
In less than a week, a
single laboratory can
produce more bits of data
than Shakespeare
managed in a lifetime,
although the latter make
better reading.

-- G A Pekso, Nature 401: 115-116 (1999)
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1995

. SCIENCE Genomes
acteria, L : . .
Bl.Gth, ia"ﬁ% o highlight
~1600 genes 0 ““ e,

[Science 269: 496]

the
Finiteness

1997
of the
Eukaryote, 1 "
13 Mb, Parts™ In
~6K genes

[Nature 387: 1]

Biology

1998

real thing, Apr ‘00

Animal, ? The
Human

~100 Mb, Goniome

~20K genes i Sequence
[Science 282:

1945

20007 [
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Human,
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~100K
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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

telling signal from
background
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microarrays

o Affymetrix
* Oligos
— Don’t have to know sequence

e Glass slides
a Pat brown

i .
ooy
F e 4
AR, A
.

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




REPORTS
Functional Characterization of
the S. cerevisiae Genome by
Gene Deletion and Parallel
Analysis

Elizabeth A, Winzeler,"® Danlel D. Shbemalter ** anna Astromoff,'*
Hong Liang,'* Keith Anderson,” Bruno An;
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Erik Gentalen,"” Guri Glaever," Johan]”
Ted Jones,” Michael Laub,” Hong Lias, ¥
David J. Leckhart,” Anca Lucau-Danj
Masiha M'Rabet,* Patrice Menard,” M ™
Chal Pal," Corinne Rebischung® Jose L. §-
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Teresa R. Ward,” Robert Wysocki,™ Gr{
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Mark Johnston,™ Renald W
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Other Whole-

Genome

Experiments

Systematic Knockouts

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

Shao-bing Hua 1.*, Ying Luol.2, Mengsheng Qiul 3. Eva Chan 2, Helen Zhou 4, Li Zhu
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Molecular Biology Information:
Other Integrative Data

Elweom - phoophnte

= -

L4 Information to ﬁwmsﬂm‘;—::;;;f;ﬁm:mx:;:’?n“"‘ _-----Hxh-u--:;;;é_m.wum
understand genomes
a Metabolic Pathways L_i .
(glycolysis), traditional
biochemistry
a Regulatory Networks R

—— 7 —

— K —_

Whole Organisms eyeeatetoce-3 shomn = Tt e shorshe
Phylogeny, traditional m‘ et it

J dehyd =g ma- i comp e
Soq--

zoology e

3
Environments, Habitats, ™ "™ ™"
ecology o’

a The Literature ? phombiglieun

rEwepamlemys: ouase D gpak

(M E D LI N E) Ph*?'ﬂml;w:-: :-'I;l:wl fpoa

i
2 gl waute

 The Future.... Uﬁh o

42011

Q_)/

By
S el

QJ’

ADPR -
S ezl e g
TEDE

phomphanlprrs i

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

prmwsate bease 5 ol
ziravabe kmase [T prlol
ffan

|
o
ATPE
¥
U

i
fermenmition Ammime ar id i the wis

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




What I1s Bioinformatics?

e (Molecular) Bio -i nformati cs

e One idea for a definition?
Bioinformatics is conceptualizing biology in terms of

molecules (in the sense of physical-chemistry) and
then applying “informatics” technigues (derived
from disciplines such as applied math, CS, and
statistics) to understand and the
iInformation associated with these molecules, on a

 Bioinformatics is “MIS” for Molecular Biology
Information. It is a practical discipline with many
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7 10000 GenBank Data
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Information:
Explonential Growth of Data Matched by
Development of Computer Technology

Internet

e CPU vs D|Sk & Net Hosts o

1,000,000 |4

a As important as the
increase in computer
speed has been, the
ability to store large
amounts of
information on : . ==
computers is even mee w7y vre e fiweo  twes| oot
more crucial

 Driving Force in 1 s f120 5

Bioinformatics Num.

Protein

(Internet picture adapted .
from D Brutlag, Stanford) Domain
Structures

100,000

10,000

1,000

0@

Time (ns)

CPU Instructio

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




Bioinformatics 1s born!

‘ 3,0E+09

- Residues
—— Positions

2,5E+09
‘ 2,0E+09

1,5E+09

Residues
Positions

1,0E+09
50E+08 -

o = W R ® @

0,0E+00 =
88 90 92 94 96 98 ‘

‘ Year

|
Growth in number of residues in Genbank, a central database for sequence
data, compared to the request 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.

THE MORE NOU KNOW, THE
HARDER. |T 1S TO TAKE

DECISIVE ACTION.

ONCE YOu BRECOME
INFORMED, YOU START
SEEING COMPLEXITIES

AND SHP:?E'S
OF GRAY. =
R, [
UL 3%

I
%2® &

YOU REALIZE THAT NOTHING

15 AS CLEAR AND SIMPLE

AS \T FIRST APPEARS,

JLTIMATELY, * KNOWLEDGE. -
IS PARALNZING.

\

X

BEING A MAN OF ACTION,
I CANT AFFORD ™ TAKE
THAT RisK.

YOU'RE |GNORANT,
BUT AT LEAST
YOU ACT OM 1T,

B. Watterson, " There’s treasire everywhere”, Andrews and McMeel, 1996,

(courtesy of Finn Drablos)
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What I1s Bioinformatics?

e (Molecular) Bio -i nformati cs

e One idea for a definition?
Bioinformatics is conceptualizing biology in terms of

molecules (in the sense of physical-chemistry) and
then applying “informatics” technigues (derived
from disciplines such as applied math, CS, and
statistics) to understand and the
iInformation associated with these molecules, on a

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

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




Molecular Biology
Information:
Redundancy and
Multiplicity

Ci I Z

"y S

—>—\/—1 ]

 Different Sequences Have the " oaanman]

Same Structure

e Organism has many similar genes

» Single Gene May Have Multiple
Functions

« Genes are grouped into Pathways

« Genomic Sequence Redundancy
due to the Genetic Code

e How do we find the
similarities?.....

Integrative Genomics -
genes « structures «
functions « pathways «
expression levels «
regulatory systems «
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Molecular Parts = Conserved

omains, Folds, &c

! Fila

Edit

vr 3 fHow ISQ

view Ge Communieator Help |

¥ CDD - Conserved Domain Database Help
Index
+ Conserved Domain Databases

Whatis a C
What are

What are

What is a Conserved Domain?

Domeins can be theugh of as functional sndlor serueoursl ueirs of & provein. These o
clagsifications coineide rather often, and whar is found a2 an independenty folding wit of &
polypepride chain also cares a specific fonetion. Typeislly domaing are ifendfied as
vecurring | sequence or stacture) units, which may exist in varioos contexts. The image
below dinscrares 4 "domains” identfied a5 strictorsl wiits in the MMCB-enoy ©
chain A (Click on the figore to lannch this view in CoaC):

File

Edit

View Go

Communicator Help

23 N 348 @

.~ Baokmarks i Location: [littp: //wmnv. nchi. nln. nih. gov/Structure fcde /i &7 What's Related

What is a Conserved Domain?

Drornaing can be thought of as functonal snd/or stracmaral mnits of & protein. These two )
clagsificatdons coineide rather often, and what iz found as an independerady folding wnit of & |
polypepnde chain slso cardes a specific foncton. Typelally domeins are idendfied as
recuring (sequence or strocture) units, which may exist in various contexts. The image
below illustrates 4 "domams" identfied as structural vrats in the MMV DE-enury 11GE,
chain A, (Click on the figure to launch thiz view in Cra T

PECLGSCS
VEACFPNTYE
ES SOSEG HD

F
Hi ¥ RHEEVTGT! USHGDINTER
HHGERASCES DVDDDDEEQK LISEEDIN

For this query sequence, the CD=Search service would identify the conserved demaeins
indicated below { chick on the image below to launch the actmal search), Good
correspondence exsts between stctural wrats, identfied by purely geometnc cntens, and |
mits asserted to be ewoludonary comserved. The region snnotated as “Funn-like” was spliv |
in rwo by the MMVIDE dosnain parser. b

4ty am

Miulecular evolution readily vilizes such domains as building blocks which may be
recombined in diff erent arrangerments to modulate prorein function. We define ¢onsenved
demaing as recurang units in malecular evolution whose extents can be detenmined by
sequence and sticture analysis.

Conserved domaing contain conserved sequence pattems or motdfs, which allow for their
derecton in polypeptide sequences. The distnedon bertween domsins and mof s is not
sharp, however, especially in the case of short reperitve units, Funetional motifs are also
present outside the scope of strueturally conserved domaing, The CD database does not
attempt to systematically collect these,

| E m |Open the list of newsgroups
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A Parts List Approach to Bike Maintenance
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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)?

Where are
the parts

located?
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o Mgt ape: PI¥B Cisinent H oliimig::

; Flle Edi iew Go  Communicatr Heigr |
DA A gham o B B ) .
:' i‘ :nkmu.rhs. ¥ Ln:f;n: f}”-tf‘v'r‘: ih orq/pdb/holdings. htnl o FE” Whaks R:I.::I:.d_ VaSt G rOWth I n (Stru Ctu ral)

LD ES PDB Current Holdings » D

FROTEIN DATA BANE = D ata
LI
Thus pape et
PR Contear Grawth: Dete wnthe geowth in the onmber of srmetires i the POE
POR Growth o Mewr Folds: Drate onche chenge inthe rumber of newrialds appeering in entries in the PLE
POE Holtga Lier Beeakdows of tha cantenta of the PRE, following the laeas vpd e
. Fundementally New (Fold)
mdmpa slmd mruc e (o s pear]
o

Parts Not Increasing that

- Fast

'J‘ MNetscape: PDB Current Holdings

Year T File  Edit ¥iew Go Communicator Help |

] 49 3 Dow I&£3 ]
1A retmlaron of thie dace ie provided e =

| [ R | Hea s JJ w§ " Bookmarks A Location: [http: //www. resh. org/pdh/haldings. himl ,.'| G217 what's Helated|

= PDB Growth in New Folds B

4000~
2000 -
2000 -
2500
2000 ¢

Total in Databank

Chains

New Submissions

1500 -+

T
ol i
. BT L LLLELELL

580 81 82 83 54 85 86 57 88 50 90 91 92 93 94 05 96 O7 98 99

New Folds

Year i
(T % 8P B 2
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World of Structures iIs even more Finite,

providing a valuable simplification

Ll |

2T« s1el7] T8l

™

N

[

%I [oolae] Teofas] |
%o

/i'.,

\

e |
<
X
=

N

%

(T. pallidum)

i

W

| A eaA_ i i 3 ) 01 I 2 Y 3 A

A
Jaa]as] .. ]

Same logic for pathways, functions,
sequence families, blocks, maotifs....

Global Surveys of a
Finite Set of Parts from

Many Perspectives

Functions picture from www. fruitfly.org/~suzi (Ashburner); Pathways picture from,
ecocyc.pangeasystems.com/ecocyc (Karp, Riley). Related resources: COGS, ProDom,

Pfam, Blocks, Domo, WIT, CATH, Scop....

[ Joof |
o..’ _1,/

.QL;’
7
Qi)
[) |

&

~100000 gene

~1000 folds

~1000 genes

et

1E2EETE

o

[y

£3302

function
1.1, nutlei acid binging(724)
(¢ 1.2, transerigtion factar binding(15)
(1.3 cell eycle reguistr(10)
131, eyein(10)
1.3.1.1. G1/5-specific cyclin(2)
1.3.1.2, G2w-specific cyelin
14, chaperong(51)
1.5, motor protein(26)
1.6. actin binding(21)
(1.7, defensedmmunity protein(20)
(18 enzyme(1057)

-1.8.4. alpha-ketoacld defydropenase
I-1.8.5. alpha-methytacy-CoA racemase

18.9. beta-alanyk-dopamine hytrolase(1)
-1 8.10. beta-alay-dopaming synthase(1)
1811, beta-carotene 15,15-dioxygenase

18.13. beta-galactoside alpha-2 3-slatytransferase
18,14, beta-Ureidoproplonase
-18.18. gamma-glutarmylcyclotransferase
-18.16, gammaglutamyl transferase(1)
18,17, 1-atylolyceroh-phosphate O-atylransferase
1.8.18. 1-pyrrolne-S-carboxylate dehydrogenase

-18.1. apha alpha-rehalose-phasphate synthase (UDH
- 18.2 lpha-1 3-mannasykglycoprotein beta-1 2-N-ac
+18.3. alpha-N-acety-neuraminide ajpha-2,8-lalyitrang

18 6. bata-1,3-galactosyl-O-glycosyh-ghveoprotein bety
18,7, b1 A-mamosygycoprotein beta1 4-tk-acel
1188 betaNeatelglucosanivy gheopeptioe bets-1 4

18.12. beta-galactosamide alpha-2,6-slalyitransferase]

n
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What I1s Bioinformatics?

e (Molecular) Bio -i nformati cs

e 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 the
iInformation associated with these molecules, on a

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

“Informatics” technigues

IN Bioinformatics

» Text String Comparison

a Optimal 1D Alignment,
Probabilistic Patterns

a Rapid non-exact search
(Alta Vista, grep)

a Significance Statistics
« Databases
a Designing Building, Querying

a Complex Data: Object DB,
Ontologies

a Integrative Analysis and Surveys
« Datamining

a General Machine Learning

a Clustering, Trees, PCA

a Bayesian Networks, NNs, KNNs

o Geometry

a Robotics

a Graphics (Surfaces, Voronoi
Volumes)

a Comparison and 3D Matching
(Vision, recognition)
* Physical Simulation

a Representing Interactions:
Electrostatics, QM

a Numerical Algorithms for
optimization (MC, SA)

a Newtonian Mechanics,
Macromolecular Simulation
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New Paradigm for

Scientific Computing

 Because of
Increase in data and
Improvement in computers,
new calculations become
possible

» But Bioinformatics has a new
style of calculation...

a Two Paradigms

* Physics

a Prediction based on physical
principles

a Exact Determination of Rocket
Trajectory

a Supercomputer, CPU
* Biology

a Classifying information and
discovering unexpected
relationships

a globin ~ colicin~ plastocyanin~
repressor

a networks, “federated” database
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finding

structure
prediction

calculation

structure
docking

Breadth: Homologs, Large-scale Surveys, Informatics—

pairwise comparison,
sequence & structure
alignment

multiple alignment,
patterns, templates,
trees

databases, scoring
schemes, censuses

v
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What I1s Bioinformatics?

e (Molecular) Bio -i nformati cs

e 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 the
iInformation associated with these molecules, on a

 Bioinformatics is “MIS” for Molecular Biology
Information. It is a practical discipline with many
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Major Application l:
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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Major Application_ll: Finding Homologs

— IEEEEIIECEE EIT lf'llllll

1 ISOLATE HUMAN DNA SEQUENCE l
GAGAACTGTTTAGATGC CAAAATCCACAAGT ...

2 TRANSLATE DNA SEQUENCE INTO AMING
ACID SEQUENCES

ENCLDAKSTS

3 FIND SIMILAR SEQUENCES IN DATA-

BASES OF MODEL ORGANISM PROTEINS l
( reflect QFEET differences:
, smaller variations) 5 FIND DRUG THAT
4 MODEL HUMAN PROTEIN ~ BINDSTO
HUMAN ...E N C L DAIKST S ... STRUCTURE BASED ON MODELED

KNOWN STRUCTURE OF PROTEIN
%; A SIMILAR PROTEIN FROM

FLY A MODEL ORGANISM
(D melanogaster) v ..ENSLDAQGSTH .. (red area is encoded by the
sequence shown)
WORM ...EN S LDAGATE
(C. elegans)
o
YEAST e _ENSIDANATM
(5. cerevisiag)
-
BACTERIA = ..E N S L DAGATR

(E. coli ) -
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Major Application Il

Finding Homologues

* Find Similar Ones in Different Organisms

e Human vs. Mouse vs. Yeast
a Easier to do Expts. on latter!

(Section from NCBI Disease Genes Database Reproduced Below.)

Best Sequence Sinmilarity Matches to Date Between Positionally C oned
Human Genes and S. cerevisiae Proteins

Hurman Di sease

Hereditary Non- pol yposi s Col on Cancer
Her edi tary Non- pol yposi s Col on Cancer
Cystic Fibrosis

W I son Di sease

G ycerol Kinase Deficiency

Bl oom Syndr one

Adr enol eukodyst rophy

At axi a Tel angi ectasi a
Anyotrophic Lateral Sclerosis
Myot oni ¢ Dystrophy
Lowe Syndrone

Neur of i br omat osi s,

X-11nked

Type 1

Chor oi derem a

Di astrophi c Dyspl asi a
Li ssencephal y

Thonsen Di sease

W | ns Tunor
Achondr opl asi a

Menkes Syndrone

M M #

120436
120436
219700
277900
307030
210900
300100
208900
105400
160900
309000
162200

303100
222600
247200
160800
194070
100800
309400

Human
Cene

ME 2

CFTR

BLM
ALD
ATM
SCD1
DM
OCRL
NF1

DTD
LI S1
CLC1
Wri
FGFR3

G>nBank
Aic# for
Yuman cDNA

u03911
u07418
M28668
U11700
113943
029817
721873
U26455
K00065
L19268
MB8162
MB9914

X78121
U14528
L13385
725884
X51630
Mb8051
X69208

BLAS] X
P-vai ue

NP UONNAONRUOR OO

NP NPEANN

. 2e- 261
. 3e-196
. 3e-167

9e- 161
8e-179
60119
4e- 107
8e-90
Oe- 58
4e-53
2e-47
Oe- 46

le-42
2e-38
Te-34
9e- 31
le- 20

. Oe- 18
.le-17

Yeast
Cene

"BH2
H1
YCF1
ccc2
[CUINE
SGS1
PXAL
TEL1
SOD1
YPK1
Yl LOO2C
| RA2

GDl 1
SuL1
MET30
CGEF1
FZF1
| PL1
ccc2

GenBank
Acc# for
Yeast cDNA

MB4170
uo7187
L35237
L36317
X69049
U22341
U17065
U31331
J03279
M21307
Z47047
MB3779

S69371
X82013
L26505
723117
X67787
u07163
L36317

Yeast Gene

Description

DNA repair protein

DNA repair protein

Met al resistance protein
Probabl e copper transporter
d ycerol kinase

Hel i case

Per oxi soma
PI 3 ki nase
Super oxi de di smut ase
Serine/threonine protein kinase
Put ati ve | PP-5-phosphat ase

I nhibitory regul ator protein

ABC transporter

GDP di ssoci ation inhibitor

Sul fate pernease

Met hi oni ne netabol i sm

Vol t age- gated chl ori de channe
Sul phite resistance protein
Serine/ threoinine protein kinase
Probabl e copper transporter
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Major Application |I:
Finding Homologues (cont.)

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

e 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
a Align Sequences
a Align Structures
a Score in a Uniform Framework
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Major Application l|I:
Overall Genome Characterization

Homology levels

e Overall Occurrence ofa | .7

Certain Featureinthe | @

a e.g. how many kinases in Yeast

e Compare Organisms and - Z

Tissues

a Expression levels in Cancerous vs oo Corei
Normal Tissues

 Databases, Statistics ‘
(Clock figures, yeast v. Synechocystis, q @
adapted from GeneQuiz Web Page, Sander Group, EBI) @

archaeon (MJ) eukaryote (SC)

hemalogue clear_function
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Simplfying Genomes with Folds,
Pathways, &C

~100000 genes
.......... v...
il lc e
M’%i@a -~ | ~1000 folds
P e
E T eI s e bl 1 Teleeoleal T T Te2lms] |1A4%15|...|
(T. pallidum) ~1000 genes
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Bioinformatics

* A Very Broad Overview:
What Is Bioinformatics?

a Types of Information, Organizing Principles,
Informatics Techniques, Real-world Applications

« Example Calculation 1:

Datamining Genome Information

a Representing expression data and other features in
high-dimensional space; Discriminants

a Simple Bayesian analysis
 Example Calculation 2:
Aligning Text Strings
a Simple dynamic programming
a Adding in gaps and other complexities
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microarrays

o Affymetrix
* Oligos
— Don’t have to know sequence

e Glass slides
a Pat brown

i .
ooy
F e 4
AR, A
.
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Typical Predictors and Response for Yeast

Basics Response
How many Abs.
. times does the| expr.
I sequence Level
c
@ have these (mMRNA |prot.
o | Amino Acid motif copies/ |Abun-[ Cell cycle
() ang q Q
»n | Composition features? cell) |dance| timecourse Function
Gene-
D Chip
o = expt. (1000
C D o . -
g = < % from |sage |copie function
Yeast o c o |l =4 A|RY [tag |s ID(s) (from function
GeneD| & S =2 2|25 |E |Lab [freq. |/cell) JIl MIPS) description
YALOO1C |MNI FEMLRI 11160] . of 1f{ 0 1 0{ O 0.3 0[? 04.01.01;04.03| TFIIIC (transcription initigN
YALOO2W |KVFGRCELA{ 1176 . ofofoO 0/l 0] 1 0.2]? ? 06.04;08.13  |vacuolar sorting protein, |C
YALOO3W [KMLQFNLRW 206/ . ofofoO 0/l 0] 0] 191 19 05.04;30.03 |translation elongation faqN
YALOO4W |RPDFCLEPP] 215|. ofolo 0| o] 0]? 0[? 01.01.01 0[N
YALOO5C |VI NTFDGVAI 641]. ol Of O 0l 0] 1] 134 16 06.01,06.04;08| heat shock protein of H4??2??
YALOO7C |KKAVI NGEQY 190|. 0] 0] O 0| 1| 4 2.2 8(? 99|??7?? 7?7?77
YALOOSW [HPETLVKVKI 198). ofolo ol o 3 1.2]? ? 99?7777 ?2?27??
YALOO9W [PTLEWFLSH{ 259). of 2| 0 ol o 3 0.6]? ? 03.10;03.13 | meiotic protein ?2?27??
YALO10C [MEQRI TLKD] 493]. 0l 0] O 0] 0] 1 0.3]? ? 30.16]involved in mitochondrial ????
YALO11W |KSFPEWXK]| 616|. 0l 8/ 0 1] 0] O 0.4]? ? 30.16;99 protein of unknown func] ????
YALO12W |[GVQVETI SP{ 393|. ol of O 0l 0] 1 8.9 4 01.01.01;30.03| cystathionine gamma-lygC
YALO13W |[RTDCYGNVNE 362 . 0] 0] O 0l 0] O 0.6? ? 01.06.10;30.03| regulator of phospholipid|N
YALO14C |GDVEKGKKI | 202]. of o] 0 ol 0| 0 1.1]? ? 99?7777 N
YALO15C |MIPAVTTYKI 399|. . .01]. of 1f{ 0 0l 0 O 0.7 0 11.01;11.04 [DNA repair protein N
YALO16W [KKPLTQEQL] 635]. o8|l .o1] 04| o] o] olfll of of 2] 3.3 5|2 20([lllll 26| 16[03.01;03.04;03|sertthr protein phosphatd??2?
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Arrange data in a tabulated form, each row
representing an example and each

column representing a feature, including
the dependent experimental quantity to b

predicted.
predictorl | Predictor2 | predictor3 | predictor4d |response
Gl |A(1,1) A(1,2) A(1,3) A(1,4) Class A
G2 |A(2,1) A(2,2) A(2,3) A(2,4) Class A
G3 |A(3,1) A(3,2) A(3,3) A(3,4) Class B

(adapted from Y Kluger)
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Represent predictors in abstract high

dimensional space

o
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Find a Division to Separate Tagged Points
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Extrapolate to Untagged Points
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Discriminant to Position Plane
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Fisher discriminant analysis

o Use the training set to reveal the structure of class distribution
by seeking a linear combination

* V=W X WX, + ... + W X which maximizes the ratio of the
separation of the class means to the sum of each class
variance (within class variance). This linear combination is
called the first linear discriminant or first canonical variate.
Classification of a future case is then determined by choosing
the nearest class in the space of the first linear discriminant ar
significant subsequent discriminants, which maximally separat
the class means and are constrained to be uncorrelated with
previous ones.

Py —
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Fischer’s Discriminant

X, X

(Adapted from ??7?)
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Fisher cont.

m=wxn 5

Solution of 1%t
variate

n, 1999, Yale, bioinfo.mbb.yale.edu
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Bioinformatics

* A Very Broad Overview:
What Is Bioinformatics?

a Types of Information, Organizing Principles,
Informatics Techniques, Real-world Applications

« Example Calculation 1:

Datamining Genome Information

a Representing expression data and other features in
high-dimensional space; Discriminants

a Simple Bayesian analysis
 Example Calculation 2:
Aligning Text Strings
a Simple dynamic programming
a Adding in gaps and other complexities

(c) Mark Gerstein, 1999, Yale, bioinfo.mbb.yale.edu
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Probabillistic Predictions of Class
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Bayesian
System for

Localizing
Proteins

'IIER_I_"

Represent localization of each
protein by the state vector P(loc)
and each feature by the feature
vector P(feature|loc). Use Bayes
rule to update.

Feature Vects

=

State Vects

P(featurelloc) Prm(loc)

s Initial Prior
P(NLS=true | loc) K

Nuc Pm(nuc)

ER :
Cyt Y =
v Posterior

—1 >

T P..(loc | NLS=true)

p(NLS=true | nuc) \

Pm(nuc | NLS=true)
= p(NLS=true | nuc) . ppinuc) | Z

18 Features: Expression Level
(absolute and fluctuations), signal
seq., KDEL, NLS, Essential?, aa
composition
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Bayesian

System for

Localizing
Proteins

'IIER_I_"

Represent localization of each
protein by the state vector P(loc)
and each feature by the feature
vector P(feature|loc). Use Bayes
rule to update.

Feature Vects

| State Vects
P(featurel|loc)

>
Pn(loc)

Initial Prior
P(NLS=true | loc) - R

10 Nuc Pm{nHC)
- ER .
: Cyt T "
. v Posterior
| I %

T P..(loc | NLS=true)

p(NLS=true | nuc) \

Pm(nuc | NLS=true)
= p(NLS=true | nuc) . ppinuc) | Z

_’

P(mRNA expr=high | loc)

2 N
E B M

i >

° . Pm(loc | mMRNA expr = high)
+ O
P(pl > 9| loc)

ﬁ I \ Final Result
L] v

_’
@Pm(loc | pl > 9)
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P(c|F) = P(F|c) P(c) / P(F)

P(c|F): Probability that protein is

In class c given it has feature F Bayes
P(F|c): Probability in training data Rule
that a protein has feature F if it is

class c

P(c): Prior probability that that protein is in class c

P(F): Normalization factor set so that sum over all classes
cand ~cis 1-1i.e. P(c|F) + P(~c|F) =1

If features are independent, this formula

can be iterated with

P(c) [at iter. i+1] <= P(c|F) [at iter. I]

(“Naive Bayesian Net”) Cue =AIGMAX P(c,)O P(x I ;)

C,1{C,,C;} i=1
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Yeast Tables for Localization Prediction

rsponse BAYyeSian Localization
. c
< How many times | Abs. expr. G
()] n =
= does the Level 25
Qo sequence have (MRNA T 5
g’ Amino Acid these motif copies / Cell cycle State Vector giving o9
» | Composition features? cell) timecourse localization prediction O
Gene-
) Chip 5
= = expt. =
0 e e - g
< =1 [ = from [sage S
Yeast o clne ‘?_,'g,‘;', RY [|tag | 0 |9 S
Gene IDJj Sz BlIE 5 [E |Lab |freq. |(IL D b
YAL001C [N 1160]. ol 1f olflll 1] o[ o] 0.3 0 4
YALO02W/|K 1176]. ol o oflll of o] 1[ 0.2]2 4
YALOO3W/|K 206]. ol of offlll o] of o] 19.1] 19|] 7 o8| 126
YAL004AW[H 215]. ol o] oflllll of o] of2 ol] s 4
YALO05C [\ 641]. ol of ofllll of of 1] 13.4] 16]] = 8
YAL007C [H 190]. ol of oflll of 1] 4] 22 8l] 15 16
YALOOSW/|H 198]. ol o|l ofll o] of 3] 1.2[2 9 2
YALOOOW/|H 259]. ol 2[ offllll o] o] 3] 0.2 6 3
YALO10C [N 493]. ol of offllll of o] 1] 0.3]2 1 6
YALO11W[H 616]. ol 8] offllll 1] o] o] 0.4]2 6 5
vAL012W[d 393]. ol of offlll of of 1] 8.9 4] 2 23 C
YALO13W[H 362]. o o| ofll o] o] of o0.6[? 7 6 N
YALO14C [q 202]. ol of offll o] o] of 1.1]? 12 9 1%| 96%| 4%| 0%| 0%|N
YALO15C [N 399]. ol 1f olflll o] o[ o] 0.7 o] 1 12 2%| 96%| 0%| 0%| o0%|N
YALO16W|H 635]. ol of olflll of of 1] 3.3 51 15 16 74%| 26%| 0% 0% 0w C
YAL017W|\ 1356/ o of offllll o o] o] 042 14 4 0%| 1% 99%] 0% ow M
YALO18C [H 325]. ol of olllll of o] 4[2 ? 4 2 0%| 1000 0%| 0% ow N
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th 100 -
o 88
o) a0 -
ReSUItS on € 0 7 82 74 75
- T 91 63
Testing Data 8w o
- 50 -

i 39
O 40
E 20 . a2
| -
O 20

Localization Annotated as Predicted O 10 -
X 0 . . .

C N M T E TOTAL
Compartments

o Individual proteins: 75%
1935 with cross-validation

YPD
2143

Carefully clean training dataset to avoid circular logic
Testing, training data, Priors: ~2000 proteins from

Swiss-Prot Master List

Swiss-Prot High Quality ~ Also, YPD, MIPS, Snyder Lab
704
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E [1342]
Results on

Testing Data #2

Compartment
Populations. Like QM, VB 169 163
directly sum state vectors
to get population. Gives
96% pop. similarity.

Overall —»
Compartment N in: compart. pop. vector N
Population Vector State vectors of prc out: localized-1342 expected

- -+ » - = +

T
T,

=

Normal "sum"
of protein
localizations

Thresholding
state vectors

x_,f‘

i oY

rk Gerstein, 1999, Yale, bioinfo.mbb.yale.edu




Extrapolation to Compartment

Populations of Whole Yeast Genome.:

~4000 predicted + ~2000 known

7% [6042]
21%
=

aplasmic

29%

ear
34%

9%
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Bioinformatics

* A Very Broad Overview:
What Is Bioinformatics?

a Types of Information, Organizing Principles,
Informatics Techniques, Real-world Applications

« Example Calculation 1:

Datamining Genome Information

a Representing expression data and other features in
high-dimensional space; Discriminants

a Simple Bayesian analysis
 Example Calculation 2:
Aligning Text Strings
a Simple dynamic programming
a Adding in gaps and other complexities

(c) Mark Gerstein, 1999, Yale, bioinfo.mbb.yale.edu
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Aligning Text Strings

C AT T G

2 matches, 0 gaps
T C A T G

|
CATTG

3 matches (2 end gaps)
T C A T G

|
CATTG

4 matches, 1 i1nsertion
T C A - T G

| |
C ATTG

4 matches, 1 i1nsertion
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Dynamic Programming

 What to do for Bigger String?

SSDSEREEHVKRFRQAL DDTGVKVPMAT TNL FTHPVFKDGGFTANDRDVRRYAL RKTI RNI DLAVEL GAET YVAWGGREGAESGGAKDVRDAL DRVKEAFDL L GEYVTSQGYDI RFAI EP
KPNEPRCDI LLPTVGHALAFI ERLERPEL YGVNPEVGHEQVAGLNFPHG AQALWAGKL FHI DLNGONG KYDQDL RFGAGDL RAAFW. VDL L ESAGY SGPRHFDFKPPRTEDFDGVWAS

* Needleman-Wunsch (1970) provided first automatic
method
a Dynamic Programming to Find Global Alignment

* Their Test Data ( J- >Y)

a ABCNYRQCLCRPM
AYCYNRCKCRBP
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Step 1 -- Make a Dot Plot
(Similarity Matrix)

Put 1's where characters are identical.

All

Y 1

C 1 1 1

Y 1

N 1

R 1 1
C 1 1 1

K

C 1 1 1

R 1 1
B 1

P 1
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A More Interesting Dot Matrix

SEQUENCE ANaALYSIS IS FUN

F
LI & [}
N | ] -
5 [ ] [ ] [
E .
0 ]
u » -
E » » »
M . » »
4 +
E » » »
=
» - -
A - .
R
E .
F
LI - -
N » .

(adapted from R Altman)

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




Step 2 --

Start Computing the Sum Matrix

new val ue cell (R QO <=
cell (R O
+ Max|
cell (R+1, C+l),

{
{

cell s(R+1, C+2 to C nax),{

A d value, either 1 or O }

Di agonal | y Down, no gaps }
Down a row, making col. gap }

cells(R+t2 to R_max, C+1) { Down a col., making row gap }
]
A[BICIN|Y|R|Q|C|L]|C P M A[BI|C|N]JY|R|Q|IC|L|C
Al1l All
Y 1 Y 1
C 1 1 1 C 1 1 1
Y 1 Y 1
N 1 N 1
R 1 R 1
C 1 1 1 C 1 1 1
K K
C 1 1 1 C 1 1 1
R 1 R 1
B 1 Bj1|2|1f(1|1j1f1|1]|1(1
P A\_}l\_j P 0jo0ofo0jo0jo0f0|0]|O0
//
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ing

Step 3 -- Keep Go
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Step 4 -- Sum Matrix All Done

Alignment Score is 8 matches.
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Step 5 -- Traceback
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Step 5 -- Traceback
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Bioinformatics

* A Very Broad Overview:
What Is Bioinformatics?

a Types of Information, Organizing Principles,
Informatics Techniques, Real-world Applications

« Example Calculation 1:

Datamining Genome Information

a Representing expression data and other features in
high-dimensional space; Discriminants

a Simple Bayesian analysis
 Example Calculation 2:
Aligning Text Strings
a Simple dynamic programming
a Adding in gaps and other complexities

(c) Mark Gerstein, 1999, Yale, bioinfo.mbb.yale.edu
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Step 6 -- Alternate Tracebacks
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Suboptimal
Aligments

Also,




Suboptimal Alignments

; Random DNA sequence

; 500 nucl eoti des

 ACGT =

1: 1:

RAN -453862491

AAATGCCAAA
CCCACCGERA
AATTCCAACT
GCTGGGCECAA
TTAATACCTT
CACGGCCATA
CCCCGGACAT
ATGCCGIGIT

1

TCATACGAAC
TATACACTAA
TCGGTATGAA
TGATGGATGT
CGCCGITAAT
CCGCGGEGGTA
CATATGACCA
1

; Random DNA sequence

; 500 nucl eoti des

generated using the seed : -453862491

AGCCGACGAC GGGAGCAACC CAAGTCGCAG TTCCCTTGAG
TCATTACAGC AGGTCTCCTG GGCGTACAGA CTAGCTGAAC
GGATCCCCTG CGGTTATCGC TGACTTGAGT AACCAGATCG
TAACCCCTTA CAGTCTCGGEG AGGGACCTTA AGICGTAATA
ATACCTTTAA TCCGITCTTG TCAATGCCGI AGCTGCAGTG
GCTGCAGCAA CCGTAGCCTG AGCATCAAGA AGACAAACAC
GCCAGICTAG GCGCCGITAG AGTAAGGAGA CCGEEEEECC

generated using the seed : 1573438385

 ACGT = 1: 1: 1: 1

RAN 1573438385
CCCTCCATCG CCAGITCCTG AAGACATCTC CGTGACGTGA ACTCTCTCCA GGCATATTAA

CCTGTCGTGA CGCGGATTAC
CTATGGCATC TTCCGCTATA
CCACAACGTG AATAGCCCGT
TACGGGGCAT GACGCGGEGECT
GAACCTTCAA CCCTAACTAG
GCTAGITAGG CCCCATTTGT
TCCTCTGAGG 1

Paranmeters: match weight = 10, transition weight = 1, transversion weight = -3

Gap opening penalty =

GAGGGGATGG TGCTAATCAC ATTGCGAACA TGITTCGGTC
GGGCACGTAA CTTTCTTCGT GIGECGECGC GGCAACTAAA
GTCGTGAGGT AAGGGTCCCG GTGCAAGAGT AGAGGAAGTA
GGAATTTCAC ATCGCAGAAC TTATAGGCAG CCGIGIGCCT
TGATAACTAC CGTGTGAAAG ACCTGGECCCG TTTTGICCCT
AGCACTCTGG CGCAGACCTC GCAGAGGGAC CGGCCTGACT

50 Gap continuation penalty =1

Run as a local alignment (Smith-Waternan)

(courtesy of Michael Zucker)

CTAGCGCGCT
GCGCTGCGECC
CTAAGGTTAC
GATGGCAGCA
AGCCTTCTGT
TCCTCGCCTA
GIGATGATAG

TCGAAGATCC
CAGACTCCAC
GACGAAAGGA
CGGGAGTACG
GAGGCCGCTA
GAGACTAATC
TTTTCCGGECT
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Gap Penalties

The score at a position can also factor in a penalty for

Introducing gaps (i. e., not going from i, jto i- 1, j- 1).

Gap penalties are often of linear form:

GAP =a + bN

GAP is the gap penalty

a = cost of opening a gap

b = cost of extending the gap by one (affine)
N = length of the gap

(Here assume b=0, a=1/2, so GAP = 1/2 regardless of length.)
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Step 2 -- Computing the Sum Matrix

cell (R O

+ Max|
cell (R+1,
cel | s(R+1,
cel | s(R+2

]

with Gaps

new val ue cell (R QO <=

C+1),

Ct2 to C_max) -
to R_max, C+l) -

{ Od value, either 1 or O

{ Diagonally Down, no gaps
GAP ,{ Down a row, making col. gap }
GAP { Down a col .,

}
}

maki ng row gap }

AlB|C|N|Y|R|Q|lc|L|C|R|[P|M N|Y|R[Q|C|L|C|R

A A

Y 1 Y

C 1 1 1 C

Y 1 Y

v - N GAP
R 1 1 R

C 1 1 1 C :1/2
K K

C 1 1 1 C

R 1 1 R 1.5

B 1 B 1111111111111 (1

P 1 P 0O(0j0j0O|O|0O]|0O]|O0O
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CRBP

All Steps In
Aligning a 4-mer

-
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Ploj0o|1]|0

Bottom right hand corner of

previous matrices




Key ldea in Dynamic Programming

a The best alignment that ends at a given pair of positions (i and j) in the 2
sequences is the score of the best alignment previous to this position
PLUS the score for aligning those two positions.

a An Example Below

« Aligning R to K does not affect alignment of previous N-terminal
residues. Once this is done it is fixed. Then goontoalignD to E.

* How could this be violated?
Aligning R to K changes best alignment in box.

ACSQRP- - LRV- SH|RSENCV
A- SNKPQLVKLMI'H | VKDFCV

ACSQRP- - LRV- SH |- R | SENCV
A- SNKPQLVKLMI'H | VK | DFCV
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Bioinformatics

* A Very Broad Overview:
What Is Bioinformatics?

a Types of Information, Organizing Principles,
Informatics Techniques, Real-world Applications

« Example Calculation 1:

Datamining Genome Information

a Representing expression data and other features in
high-dimensional space; Discriminants

a Simple Bayesian analysis
 Example Calculation 2:
Aligning Text Strings
a Simple dynamic programming
a Adding in gaps and other complexities
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Bioinformatics Topics --

Genome Sequence

* Finding Genes in Genomic
DNA
a introns
a exons
a promotors

« Characterizing Repeats in

Genomic DNA

a Statistics
a Patterns

e Duplications in the Genome
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e Sequence Alignment
a non-exact string matching, gaps

a How to align two strings optimally
via Dynamic Programming

a Local vs Global Alignment
Suboptimal Alignment

a Hashing to increase speed
(BLAST, FASTA)

a Amino acid substitution scoring
matrices
e Multiple Alignment and
Consensus Patterns

a How to align more than one
sequence and then fuse the
result in a consensus
representation

a Transitive Comparisons

HMMSs, Profiles

a Motifs

Q_)/

QJ’

Bioinformatics
Topics --
Protein Sequence

e Scoring schemes and
Matching statistics

a How to tell if a given alignment or
match is statistically significant

a A P-value (or an e-value)?

a Score Distributions
(extreme val. dist.)

a Low Complexity Sequences
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Bioinformatics o collae o peophbic core,an fkd over bl A 1

dotted line, bringing charged residues of "A’ into close
proximity to ionic groups on outer surface of helix ‘8" .

Topics --
Sequence /
Structure

« Secondary Structure

1] . . ”
P red |Ct| O n Reproduced in U. Tollemar, ” Protein Engineering i USA”, Sveriges Tekniska
Attachéer, 1988

a via Propensities

a Eleura' Networks, Genetic o Tertiary Structure Prediction
. .g. . a Fold Recognition

a Simple Statistics

TM-helix finding a Threading

. a Ab initio
Assessing Secondary _ o
Structure Prediction e Function Prediction

a Active site identification

» Relation of Sequence Similarity to
Structural Similarity

Q-
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Topics -- Structures

» Basic Protein Geometry and
Least-Squares Fitting

a

a
a

Distances, Angles, Axes,
Rotations

« Calculating a helix axis in 3D
via fitting a line
LSQ fit of 2 structures
Molecular Graphics

e Calculation of Volume and
Surface

a
a
a
a

a

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

Docking and Drug Design as
Surface Matching

Packing Measurement

» Structural Alignment

a

a

Aligning sequences on the basis
of 3D structure.

DP does not converge, unlike
sequences, what to do?

Other Approaches: Distance
Matrices, Hashing

Fold Library
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* Relational Database
Concepts
a Keys, Foreign Keys

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

a Joining Tables, Normalization

« Natural Join as "where"
selection on cross product

« Array Referencing (perl/dbm)
a Forms and Reports
a Cross-tabulation

* Protein Units?

a What are the units of biological
information?

¢ sequence, structure
* motifs, modules, domains

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

Topics --
Databases

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

« Parsimony, Maximum
likelihood

a Evolutionary implications
* The Bias Problem

a sequence weighting

a sampling
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Topics -- Genomics

Expression Analysis

a Time Courses clustering

a Measuring differences

a ldentifying Regulatory Regions
Large scale cross referencing
of information

Function Classification and
Orthologs

The Genomic vs. Single-
molecule Perspective

« Genome Comparisons
a Ortholog Families, pathways
a Large-scale censuses
a Frequent Words Analysis
a Genome Annotation
a Trees from Genomes

a ldentification of interacting
proteins

e Structural Genomics

a Folds in Genomes, shared &
common folds

a Bulk Structure Prediction
e Genome Trees
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Topics -- Simulation

 Molecular Simulation

QJ’ QJ’

QJ’ QJ’ Q_)/ Q_)/

QJ’ QJ’

Geometry - > Energy - > Forces

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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1980

Bioinformatics - History

» Single Structures

a Modeling & Geometry
Forces & Simulation

\a Docking

e Sequences, Sequence-Structure
Relationships

a Alignment

a Structure Prediction

a Fold recognition

*~Genomics

a Dealing with many sequences

a Gene finding & Genome Annotation
a Databases

 |ntegrative Analysis

a Expression & Proteomics Data

a Datamining

a Simulation again....
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Are They or Aren’t They
Bioinformatics? (#1)

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

Motif Discovery Using Gibb's Sampling

Methods for Structure Determination
a Computational Crystallography

* Refinement
a NMR Structure Determination

» Distance Geometry

Metabolic Pathway Simulation
The DNA Computer
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Are They or Aren’t They
Bioinformatics? (#1, Answers)

e ( YES?) Digital Libraries
a Automated Bibliographic Search and Textual Comparison
a 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
a Prediction of splice sites

DNA methods in forensics

Modeling of Populations of Organisms
a Ecological Modeling

Genomic Sequencing Methods
a Assembling Contigs
a Physical and genetic mapping
Linkage Analysis
a 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
a Prediction of splice sites

 (YES) DNA methods in forensics
* (NO

* (NO?)

 (YES) Linkage Analysis

a Linking specific genes to various traits
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Are They or Aren’t They
Bioinformatics? (#3)

RNA structure prediction
|dentification in sequences

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

Artificial Life Simulations
a Artificial Immunology / Computer Security
a Genetic Algorithms in molecular biology

Homology modeling

Determination of Phylogenies Based on Non-
molecular Organism Characteristics

o Computerized Diagnosis based on Genetic Analysis
(Pedigrees)
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Are They or Aren’t They
Bioinformatics? (#3, Answers)

* (YES) RNA structure prediction
|dentification in sequences

* (NO

* (NO

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

* (NO
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