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(Molecular) BIOINFORMATICS

Data Mining

Sequence &
Genome Analysis

Other 'omic
& Network Analyses

Medical & Translational
Informatics

3D Structure Analysis

Systems Analysis

[Luscombe et al. ('01). 40: 346 ]



Elements of Bioinformatics as a discipline

Research

Education

Computational Infrastructure




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
the information associated with these molecules,
ona

 Bioinformatics is a practical discipline with many




What Information to Organize?

* Sequences (DNA & Protein)

3D Structures
Network & Pathway Connectivity
Phylogenetic tree relationships

Large-scale gene expression & functional
genomics data

Phenotypic data & medical records....



What is the Information?
Molecular Biology as an Information Science

« Central Dogma » Central Paradigm
of Molecular Biology for Bioinformatics
DNA Genomic Sequence Information
-> RNA -> mRNA (level)
-> Protein -> Protelin Sequence
-> Phenotype -> Protein Structure
-> DNA -> Biological Function

-> Organismal Phenotype

+Information transfer (MRNA)

Genetic material Protein synthesis (tRNA/mRNA)
*Some catalytic activity



Molecular Biology Information - DNA

« Raw DNA Sequence

atggcaattaaaattggtatcaatggttttggtcgtatcggccgtatcgtattceccgtgea

C0d|ng Or NOt'? gcacaacaccgtgatgacattgaagttgtaggtattaacgacttaatcgacgttgaatac
. atggcttatatgttgaaatatgattcaactcacggtcgtttcgacggcactgttgaagtyg
Parse |nto genes’? aaagatggtaacttagtggttaatggtaaaactatccgtgtaactgcagaacgtgatcca
gcaaacttaaactggggtgcaatcggtgttgatatcgctgttgaagcgactggtttattce
- ttaactgatgaaactgctcgtaaacatatcactgcaggcgcaaaaaaagttgtattaact

4 bases: AGCT ga-d gemcd geagged o=

ggcccatctaaagatgcaacccctatgttegttecgtggtgtaaacttcaacgcatacgceca
ggtcaagatatcgtttctaacgcatcttgtacaacaaactgtttagctcctttagcacgt

<> <SS <

“’]_ P< 1in a €]€3r1€3, gttgttcatgaaactttcggtatcaaagatggtttaatgaccactgttcacgcaacgact

2 D4 ' gcaactcaaaaaactgtggatggtccatcagctaaagactggcgcggcggeccgeggtgcea
~

1in Q}EEIlC)anE tcacaaaacatcattccatcttcaacaggtgcagcgaaagcagtaggtaaagtattacct

gcattaaacggtaaattaactggtatggctttccgtgttccaacgccaaacgtatctgtt

fv:g (Ek) Eillrnéirl gttgatttaacagttaatcttgaaaaaccagcttcttatgatgcaatcaaacaagcaatc

aaagatgcagcggaaggtaaaacgttcaatggcgaattaaaaggcgtattaggttacact
gaagatgctgttgtttctactgacttcaacggttgtgctttaacttctgtatttgatgca
gacgctggtatcgcattaactgattctttcgttaaattggtatc

. caaaaatagggttaatatgaatctcgatctccattttgttcatcgtattcaa
caacaagccaaaactcgtacaaatatgaccgcacttcgctataaagaacacggcttgtgg
cgagatatctcttggaaaaactttcaagagcaactcaatcaactttctcgagcattgett
gctcacaatattgacgtacaagataaaatcgccatttttgcccataatatggaacgttgg
gttgttcatgaaactttcggtatcaaagatggtttaatgaccactgttcacgcaacgact
acaatcgttgacattgcgaccttacaaattcgagcaatcacagtgcctatttacgcaacc
aatacagcccagcaagcagaatttatcctaaatcacgccgatgtaaaaattctcecttegtce
ggcgatcaagagcaatacgatcaaacattggaaattgctcatcattgtccaaaattacaa
aaaattgtagcaatgaaatccaccattcaattacaacaagatcctctttcttgcacttgg



Molecular Biology Information:

Protein Sequence
« 20 letter alphabet

<> ACDEFGHIKLMNPQRSTVWY but not BJOUXZ

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

« >12 M known protein sequences
(uniprot, , 2011)

dldhfa LNCIVAVSQNMGIGKNGDLPWPPLRNEFRYFQRMTTTSSVEGKQ-NLVIMGKKTWFSI
d8dfr  LNSIVAVCONMGIGKDGNLPWPPLRNEYKYFQRMTSTSHVEGKQ-NAVIMGKKTWFSI
d4dfra ISLIAALAVDRVIGMENAMPWN-LPADLAWFKRNTL--------— NKPVIMGRHTWESI
d3dfr  TAFLWAQDRDGLIGKDGHLPWH-LPDDLHYFRAQTV---—-----— GKIMVVGRRTYESF

dldhfa LNCIVAVSQNMGIGKNGDLPWPPLRNEFRYFQRMTTTSSVEGKQ-NLVIMGKKTWFSI
d8dfr  LNSIVAVCONMGIGKDGNLPWPPLRNEYKYFQRMTSTSHVEGKQ-NAVIMGKKTWFSI
d4dfra ISLIAALAVDRVIGMENAMPW-NLPADLAWFKRNTLD-------- KPVIMGRHTWESI
d3dfr  TAFLWAQDRNGLIGKDGHLPW-HLPDDLHYFRAQTVG--—------ KIMVVGRRTYESF

dldhfa VPEKNRPLKGRINLVLSRELKEPPQGAHFLSRSLDDALKLTEQPELANKVDMVWIVGGSSVYKEAMNHP
d8dfr  VPEKNRPLKDRINIVLSRELKEAPKGAHYLSKSLDDALALLDSPELKSKVDMVWIVGGTAVYKAAMEKP
d4dfra ---G-RPLPGRKNIILS-SQPGTDDRV-TWVKSVDEAIAACGDVP------— EIMVIGGGRVYEQFLPKA
d3dfr  ---PKRPLPERTNVVLTHQEDYQAQGA-VVVHDVAAVFAYAKQHLDQ----ELVIAGGAQIFTAFKDDV

dldhfa -PEKNRPLKGRINLVLSRELKEPPQGAHFLSRSLDDALKLTEQPELANKVDMVWIVGGSSVYKEAMNHP
d8dfr  -PEKNRPLKDRINIVLSRELKEAPKGAHYLSKSLDDALALLDSPELKSKVDMVWIVGGTAVYKAAMEKP
dd4dfra -G---RPLPGRKNIILSSSQPGTDDRV-TWVKSVDEAIAACGDVPE----- IMVIGGGRVYEQFLPKA
d3dfr  -P--KRPLPERTNVVLTHQEDYQAQGA-VVVHDVAAVFAYAKQHLD----QELVIAGGAQIFTAFKDDV



Molecular Biology Information:
Macromolecular Structure

 DNA/RNA/Protein
¢ Almost all protein
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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
« => ~1500 xyz triplets (=8x200) per protein domain
¢ >110K Domains, ~1200 folds (scop 1.75)

ATOM 1 C ACE 0 9.401 30.166 60.595 1.00 49.88 1GKY 67
ATOM 2 0 ACE 0 10.432 30.832 60.722 1.00 50.35 1GKY 68

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

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

ATOM 5 CA SER 1 9.242 30.200 62.974 1.00 46.62 1GKY 71 /

ATOM 6 C SER 1 10.453 29.500 63.579 1.00 41.99 1GKY 72

ATOM 7 O SER 1 10.593 29.607 64.814 1.00 43.24 1GKY 73 @

ATOM 8 CB SER 1 8.052 30.189 63.974 1.00 53.00 1GKY 74 O

ATOM 9 0G SER 1 7.294 31.409 63.930 1.00 57.79 1GKY 75 CD {

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

ATOM 11 CA ARG 2 12.548 28.316 63.532 1.00 30.20 1GKY 77 .
ATOM 12 C ARG 2 13.502 29.501 63.500 1.00 25.54 1GKY 78 . @ -’

e
. . ) rd
N GJ @
ATOM 1444 CB LYS 186 13.836 22.263 57.567 .00 55.06 1GKY1510
ATOM 1445 CG LYS 186 12.422 22.452 58.180 .00 53.45 1GKY1511

1
1
ATOM 1446 CD LYS 186 11.531 21.198 58.185 1.00 49.88 1GKY1512
ATOM 1447 CE LYS 186 11.452 20.402 56.860 1.00 48.15 1GKY1513
ATOM 1448 Nz LYS 186 10.735 21.104 55.811 1.00 48.41 1GKY1514 \3.8@
ATOM 1449 OXT LYS 186 16.887 23.841 56.647 1.00 62.94 1GKY1515

TER 1450 LYS 186 1GKY1516



Molecular Biology
Information:

Whole Genomes

* The Revolution Driving Everything
Fleisch MAaNnn, r. o., adams, M. D., White, 0., 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. (1 995) "Whole-genome random sequencing and assembly of
Haemophilus imuenzae - SCIENCE 269: 406-512.

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

* Timeline
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!
2000, draft human
2003, human: 3 Gb & 100 K genes...
2010, 1000 human genomes!
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28 JuLy 1995
VOL. 269 » PAGES 449 604

Bacteria,
1.6 Mb,

~1600 genes
[Science 269: 496]

A
Bioinformatics
prediction that

came true!

1997

Eukaryote,
13 Mb,

~6K genes
[Nature 387: 1]

1998

real thing, Apr ‘00

Animal, ‘ Human
~100 Mb, & Genome

~20K genes | \ Sequence
[Science 282:
1945]

20007

Human,
~3 Gb,
~20K genes

C. eleganys

Sequence to Biology

‘98 spoof



» Early experiments

Gene Expression yeast
C lexity at 10 ti
Data: On & Off ~ “pome
6000 x 10 = 60K floats

* Then tiling array

technology
j i ¢ 50 M data points to tile the
a ‘ i 4

human genome at ~50 bp
res.

”LL .

. * Now Next-Gen
Sequencing (RNAseq)
] ¢ 10M+ reads on the human

genome, counts

« Can only sequence
genome once but can
— | K do an infinite variety of

' | ] " expression
experiments




Molecular Networks: Connectivity

Protein-protein Interaction networks
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Metabolic pathway networks

miRNA-target networks

Regulatory Networks
Get readouts of
where proteins bind
to DNA : Chip-chip
then chip-seq

a“scﬂp\ion fackine oed Sfacy,
¢ rs

Protein Interaction
Networks
For yeast: 6000 x
6000/2 ~18M
possible interactions
(maybe ~30K real)

Target genes

TF-target-gene Regulatory networks

[Toenjes, et al, Mol. BioSyst. (2008);
Jeong et al, Nature (2001); [Horak, et al,
Genes & Development, 16:3017-3033;
DeRisi, lyer, and Brown, Science,
278:680-686]



Molecular Biology Information:
Other Integrative Data

glucose -6 -phosphate
—

cgluces e isomerase: pgi —
—

* Information to /

fructose -6 -phosphate pentose phosphate pathway

understand genomes S I

6-phosphofructokinase-2: pfkB

. : 27111
¢ Whole Organisms wor

Phylogeny, traditional
zoology g

fructese bisphosphate
aldolasedass II: 2

( Environments, Habitats,

ecology e —

NAD

() Phenotype vhmj N

dehprogenase-A comp
12112

Experiments o |
(Ia rge-SCa I e KOS ) AD}\ phesphoglycerate kinase: pgk
transposons) m

3-phosphoglycerate

{ The Literature SRR O

phosphoglycerate mutase 1: gpmd

(MEDLINE) =

2-phosphoglycerate

* The Future.... 4\ e

phosphoenolpyruvate

ho-D -1

(Pathway drawing from P Karp’ s EcoCyc, Phylogeny A];TD/ pyruvate kinase L pykF
A

from S J Gould, Dinosaur in a Haystack) prraate losase lpyd



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
the information associated with these molecules,
ona

 Bioinformatics is a practical discipline with many




Information:

Explonential Scaling of Data Matched by

Development of Computer Technology

e 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

() Comparison with
Moore’ s Law

* A Driving Force in
Bioinformatics

Sequences (millions)

100

Growth of GenBank
(1982 - 2008)

90 A

80 ~

70 A

60 -

50 1

40 -

100

90

80

70

60

50

40

30

20
= Base Pairs

—+—Sequences
10

1986 1990 1994 1998 2002 2006

Base Pairs of DNA (billions)



450,000,000

Source: Internet Software Consortium [(www.isc.org)

400,000,000 |
Internet 50000000 |
Hosts 300,000,000 I
(adapted from D 250.000.000 |
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Suzek, B. E. et al.
Bioinformatics 2007
23:1282-1288; doi:
10.1093/bioinformatics/
btm098

Jan-01
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18 - M Gerstein, 2014, Yale, GersteinLab.org



== Cost per Mb of DNA Sequence ¢ ® Moore's law

Sequencing soma
Data
Explosion: s
Going to
$0/base o

$10.00

m Sample collection and Data reduction Downstream

@ Sequencing

Experimental experimental design B Data management analyses
2Tz design
collection

. B

100% _

2008 2009 2010 2011
Raw reads
(FASTA, FASTQ)

From ‘00 to ~’ 20,
cost of DNA
sequencing expt.
shifts from the
actual seq. to

Mapped reads
(BAM, CRAM, MRF)

fmanagement

Data reduction,

High-level summaries
(VCF, Peaks, RPKM)

r 1 sample
collection &
Downstream analyses .
. analysis
(differential expression, 0%
novel TARs, regulatory Pre-NGS Now Future .
networks, ...) (Approximately 2000)  (Approximately 2010)  (Approximately 2020) [Sboner et al. ("11)

GenomeBiology ]

19 - Lectures.GersteinLab.org



Features per chip
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Chip Technology

1985 2000 2008




- I 7 £ Mtrom Heidi Sofia, NHGRI
3 Seq Un.l-_\/.el'.se. [from Heidi Sofia ]

‘ SRA >1 petabyte -
TCGA endpoint: ~2.5 Petabytes |
~1.5 PB exome . : 2
~1 PB-whole genome ' \ -~ / P -0 -

ZEmAERAR
1000 Genomes . ., * >

A

#» A Deep Catalog of Human GeneWarfﬁiérvj‘}*;ﬁ ]
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£ .
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Star formation

100K Genomes England
Sofia, 2-28-14  * ‘ . Ok eSS
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JODbS: Bioinformatics is born!

3,0E+09

—ﬁésidues
— Ppsitions

2,5E+09
2,0E+09

1,5E+09

Residues
Positions

1,0E+09
. 5,0E+08

O = N WA OO N XX

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 bioinformatics.
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 You KNOW, THE
HARDER |T IS TO TAKE

DECISIWE ACTION.

YOU REAL\ZE THAT NOTHNG

1S AS CLEAR AND SIMPLE

AS \T FIRST APPEARS.

JULTIMATELN, * KNOWLEDGE. -
1S PARAINZING .

ONCE YOU BECOME
INFORMED, YOU START
SEEING COMPLEXI\TIES

AND SHADES
OF GRAY. -
\(_J‘J . ,3%
|}

IR
A

BEING A MAN OF ACTION,
I CANT AFFORD T TAKE
THAT RISK.

YOURE IGNORANT,
BUT AT LEAST
YOU ACT ON \T.

B. Watterson, »There’s treasure everywhere”™, Andrews and McMeel, 1996,

(courtesy of Finn Drablos)



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
the information associated with these molecules,
ona

 Bioinformatics is a practical discipline with many




General Types of

“Informatics” techniques
in Computational Biology

« Structure Analysis &

Geometry
- Graphics (Surfaces, Volumes)

« Databases

— Building, Querying

- Representing Complex data
« Data mining

- Machine Learning techniques

- Clustering & Tree construction

- Rapid Text String Comparison &
textmining

- Detailed statistics of significance
& association
» Network Analysis
- Analysis of Topology (eg Hubs)
- Predicting Connectivity

Comparison & 3D Matching
(Vision, recognition, docking)

» Physical Modeling

Newtonian Mechanics
Electrostatics
Numerical Algorithms
Simulation

Modeling Chemical Reactions &
Cellular Processes

25 -



Jim Gray’s 4" Paradigm

The

PARADIGM

DATA-INTENSIVE SCIENTIFIC DISCOVERY

Science Paradigms

Thousand years ago:

science was empirical
describing natural phenomena

Last few hundred years:

theoretical branch N2
using models, generalizations [g]=4ﬂGp_ c”
Last few decades: e

a computational branch
simulating complex phenomena

Today: data exploration (eScience)
unify theory, experiment, and simulation

— Data captured by instruments
or generated by simulator

— Processed by software
— Information/knowledge stored in computer

— Scientist analyzes database/files
using data management and statistics

26 - Lectures.GersteinLab.org



#3 - Simulation

Prediction based on
physical principles (eg

Exact Determination of
Rocket Trajectory)
Emphasis on:
Supercomputers

Jim Gray’ s 4th Paradigm

Science Paradigms

* Thousand years ago:
science was empirical
describing natural phenomena
» Last few hundred years:
theoretical branch
using models, generalizations
N Last few decades:
a computational branch
simulating complex phenomena
p Today:
data exploration (eScience)
unify theory, experiment, and simulation
— Data captured by instruments
Or generated by simulator
— Processed by software
— Information/Knowledge stored in computer

— Scientist analyzes database / files
using data management and statistics

Gray died in "07.
Book about his ideas came out in ‘09

[Slide from : http://research.microsoft.com/en-us/um/people/gray/talks/stanford%2520symbolic%2520systems%2520seminar.ppt]

27 - Lectures.GersteinLab.org



The (s st
Economist m “;q"

THE HUMAN FACE OF

BIGDAIA

| The data deluge

D HOW 53 BANGLE T A J4-PRLT SPOOAL RIP2RT

DRIVING MARKETING EFFECTIVENESS BY MANAGING

ﬁlu !JAUA

é ’é* U‘S§8_32 /\ A 4 108 CION two k _— @ cognizant
é e A ﬁ Fotlow
" v . MLLDN TWEETS* 349
- Why Blg Data Is All Retailers

@ o Want for Christmas

35 B eric sa
P + Comment Now _ + Follow Comments

Guest post written by Quentin Gallivan

” Quentin Gallivan is CEO of Pentaho Corp., an Orlando, Florida-based

g provider of business analytics software.

Commercial
World Data:
Financial &
Retail Data

Bil
DHTF

|A REVOI.II'I'ION

TIIAT WILL TRANSFORM HOW
WE LIVE, WORK, AND THINK

YIKTOR MAYER-SCHONBERGER
KENNETH CUKIER

|
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Big
Data:

a
current
buzz-
word

Harvard
Business
Review

Data Scientist: The Sexiest Job of the 21st Century
by Thomas H. Davenport and D.J. Patil

Artwork: Tamar Cohen, Andrew J Buboltz, 2011, silk screen on a page from a high

When Jonathan Goldman arrived for work in June 2006 at LinkedIn, the business n
up. The company had just under 8 million accounts, and the number was growing q
friends and colleagues to join. But users weren't seeking out connections with the p

[Oct. ‘12 issue]

29 - Lectures.GersteinLab.org



Big data is transforming science

Ecology - Fluxnet

Neuroscience -
The Human Connectome Project

High energy physics - o

Large Hadron Collider Science

B i
- ®cbo * 5
‘“ LS Technorati

Ia_. Knowledge of knowledge m.mvu B v

...% Meta-data of scientific documents flickr
del.icio.us
Ast ISI o .®.'WORDPRESS‘
stronomy - €0 O Computational social science
Sloan Digital Sky survey KNOWLEDGE. (p)nline communities ®30

Transforming Research



What do people do with Big Data ?

 Fundamental goal is general understanding &
answering specific Qs:
modeling & making predictions

« Explicit Description of Data not Important --
Fast query, hiding underlying structure
(e.g. Google Search)

» Explicit Description
of Data Important —
Organization
highlighting underlying
structure
(e.g. Google Maps)

.GersteinLab.org

31 = Lectures



Higgs Boson:
Searching
Through Many
Events for a
Few Needles

http://cdsweb.cern.ch/record/1462234/files/ATL-SOFT-SLIDE-2012-441.pdf

http:/[images.iop.org/objects/phw/news/16/7/4/higgs-cms.jpg
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Invited talk at Grid2012 Conference, Dubna, Russia

\__________________________________________|
Why Six Sigma?

10-5 event selection in online
data processing

>1 PB per year

109 event selection in offline
data processing

= Physics discovery requires
six sigma quality during Big
Data processing

. . 1
VA. Vaniachine

“Golden” Events

One H — 4 1/ Billion

32 -



Making Intuitive Maps,
Highlighting Large-scale Structure of
Stars & the Earth

[SDSS.org]

33 - Lectures.GersteinLab.org



genomic information

> I i
A e INKE KT
7) NEy A UF DNA Creneny

Human genome annotation
— a non-intuitive map

’
N

e —

geographical information

Habitat information

Height information

Base mapping

= Mutation

Aerial imagery

~.. Copy number

Gene expression

Platforms

DNA methylation

MicroRNA

RPPA

« Large-scale organisation
providing an overview of the genome
« Integration of heterogeneous data

Clinical data



Genomics: as an exemplar
Data Science sub-discipline

» Developing ways of organizing & mining genomic information on a large scale

- Very fundamental & early form of "Big Data"

» Perhaps we can learn from other disciplines &, in turn, teach them how to do this?

faen -
.

PANDORA

Music Genome l)l‘()jt‘('t
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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
the information associated with these molecules,
ona

 Bioinformatics is a practical discipline with many




Molecular Biology
Information:
Redundancy and
Multiplicity

Y,

Different Sequences Have the Same
Structure

Organism has many similar genes
Single Gene May Have Multiple

Functions _ _

Genes are grouped into Pathway & Integrative Genomics -
genes <> structures <

Networks functions <= pathways <

Genomic Sequence Redundancy due to expression levels <

the Genetic Code regulatory systems < ....

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



Molecular Parts = Conserved
Domains, Folds, &c

Netscape: NCBI COD Help (I50x] Netscape: NCBI CDD Hel [C[O[X]
l‘ File Edit View Go Communicator Help

T . - File Edit View Go Communicator Help
TEW YT TEN B
._" Bookmarks & Location: thttp: //www. ncbi, nln, nih, gov/Structure/cdd. /| @' What's Related | ‘. %v \3 ﬁ é— @ (j d @
- =

¢~ Bookmarks A Location: [ittp: //imw. nebi. nln. nih. gov/Structure /cdé A &7 What's Related

- o
Research topics and staff What is a Conserved Domain?

Dormains can be thought of as functional and/or structural units of a protein. These two
classifications coincide rather often, and whatis found as an independently folding unit of &
polypeptide chain also cardes a specific function. Typeislly domains are identified as
recurring (sequence or stracture) vnits, which may exist in various contexts. The image
below illustrates 4 "domains” identified as structural units in the MMDB-entry 11GR,
chain A. (Click on the figure to launch this view in Cr3D):

» CDD - Conserved Domain Database Help |~

Conserved Domain
s Index

* Conserved Domain Databases

MMD

NCBI's structure database

PECLGSCS
VPAC ?P,}{TYR

VIHD

Taxonony n MMDEB APDNDTACVA CRHYYYAGVC
FEGVRCVDRD FCANILSAES

3D-structure viewer
T

Structure comparisons

Submit structure database
ssarches

For this query sequence, the CD-Search service would identify the conserved dormains
indicated below (click on the image below to launch the actual search). Good
correspondence exsts between structural vnits, identified by purely geometnic critenia, and
units asserted to be evoludonary conserved. The region annotated as “Furin-like” was split
in two by the MMDB dormain parser.

i in?
S What is a Conserved Domain?
Domains can be thought of as functionsl and/or structural units of & provein. These two
classifications coincide rather often, and what is found a5 an independendy folding it of &
polypepde chain also carnes a specific functon. Typeislly domaing are identfied as
Yecurring (sequence or structure) wnits, which may exist in vanious contexts. The image
"ot o & L=

below ilb 4 "domains” identified 1 units in the MMDB-entry 11 3 ot 10e 150 200 % m s “ o am
chain A (Click on the figure to launch this view in Cn30):
¢ o a20) Recop_L_donain Furin-1ike Recop.L_donain

Molecular evolution readily vilizes such dormains as building blocks which may be
recombined in diff erent arrangements to modulate protein function. We define conserved
dornains as recurring vnits in raolecular evolution whose extents can be determined by
sequence and structure analysis

Conserved domains contain conserved sequence pattems or motifs, which allow for their
detecton in polypeptide sequences. The distinction between domains and rotfs is not
sharp, however, especially in the case of short repetinve units. Functional motfs are also
present outside the scope of structurally conserved dorains, The CD database does not
attempt to systematically collect these.

¥

=
% aPle

= 100%. |Open the list of newsgroups




] '({?—Nelscape: PDB Current Holdings
I File Edit View Go Communicator Help

<9 A Heow &3 @ .
: “f'jzokmarks ./ Loc:?o‘n: ttp:f'/’ww. resh. org/pdh/holdings. htnl /\ @7 What's Related| Va St G rOWth I n (Stru Ctu ral )

A

'[ PD _F_j PDB Current Holdings mgmous Data

PROTEIN DATA BANK

This page contains:

PDE Content Growth: Data on the growth in the number of structures in the PDB
PDB Growth in Nes Folds: Data on the change in the nuraber of new folds appearing in entries in the PDB l I I l l l I I l e r O

PLB Holdings List: Breakdown of the contents of the PDB, following the latest update

PDB Content Growth I Fundamenta”v NeW (FOId)

14000

. Parts Not Increasing that

. Fast

4000

2000

0 % Netscape: PDB Current Holdings
—————————————— Year T T 07 " File Edit View Go Communicator Help ’
¢ last update: 01-Aug-2000 v - o . &
@i ot i i e 493 Now S8 @ ]
- A tabulation of this data is provided here.
& [ o0% e ‘ «§ " Bookmarks A Location: [ttp: //www. resh. org/pdh/holdings. htnl /| @50” What's Related ‘
- T T T - -
PDB Growth in New Folds A
4000~
3500 -
. 30007
Total in Databank
w2900 7
£
. . T 2000 -
<
New Submissions G
1500 -
1000~
New Folds 5001
O_A
80 81 82 83 584 85 806 87 88 89 80 91 52 93 84 95 96 97 98 99
Year /

B %0 0P @ 2

& [ 100% |




4Ms:

Measurement,
Mining,
Modeling

& Manipulation

TREY IDEKER, L. RAIMOND WINSLOW & A. DOUGLAS
LAUFFENBURGER (’06). “Bioengineering and Systems Biology,” Annals
of Biomedical Engineering DOI: 10.1007/s10439-005-9047-7

Image from http://web.aibn.uqg.edu.au/cssb/ResearchProjects.html

Dry : Wet
» S | L/ I
= _—— |0 |
Synthesis f o=, ; [
B = - 1
20, E | '
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A |
) Model Manipulate \
| T |

Mine I Measure

Analysis
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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
the information associated with these molecules,
ona

 Bioinformatics is a practical discipline with many




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).




Major Application_ll: Finding Homologs

— AN EITTIUIED

1 ISOLATE HUMAN DNA SEQUENCE l
GAGAACTGTTTAGATGCAAAATCCACAAGT ...

2 TRANSLATE DNA SEQUENCE INTO AMINO
ACID SEQUENCES

ENCLDAKSTS

3 FIND SIMILAR SEQUENCES IN DATA-

BASES OF MODEL ORGANISM PROTEINS

( reflect great differences; ‘
, smaller variations) 5 FIND DRUG THAT

4 MODEL HUMAN PROTEIN ~ BINDSTO

HUMAN ..ENCLDAIKS ST S ... STRUCTUREBASEDON MODELED
KNOWN STRUCTURE oF  PROTEIN
_ A SIMILAR PROTEIN FROM
FLY ‘\ - A MODEL ORGANISM
(D. melanogaster) W ..ENSLDAQSTH .. (red area Is encoded by the
: sequence shown)
WORM ..E NS L DAGATE
(C. elegans)
O
YEAST e _ENSIDANATM

(S. cerevisiae)

Wy, SO, >
BACTERIA -'%o...ENSLDAGATR
(E.coli ) -

43 - M Gerstein, 2016, Yale, GersteinLab.org



Major Application Il
Overall Genome Characterization

Homology levels

* Qverall Occurrence of a
Certain Feature in the @
G en Om e temative_function e funch

() e.g. how many kinases in Yeast

« Compare Organisms and e -
Tissues , @
() Expression levels in Cancerous vs oty core
Normal Tissues
. . bacteria (HI)
» Databases, Statistics ‘
 Using this for

picking drug targets V%?

(Clock figures, yeast v. Synechocystis,
adapted from GeneQuiz Web Page, Sander Group, EBI) archaeon (MJ) eukaryote (SC)



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
the information associated with these molecules,
ona

 Bioinformatics is a practical discipline with many




Defining the
Field

 Related terms

() Bioinformatics & / or/ vs
Computational Biology

() Biocomputing
() Systems Biology
{ Qbio

 What are its
boundaries
¢ Determining the

"Support Vectors”

« What are appropriate

prerequisites

ES

Introductory Level

Advanced Level

Undergraduate Level

Graduate Level

46 - M Gerstein, 2014, Yale, GersteinLab.org



Are They or Aren’ t They
Comp. Bio.? (#1 )

( Digital Libraries & Medical Record Analysis
¢ 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

o ( Distance Geometry

( Metabolic Pathway Simulation
( The DNA Computer



Are They or Aren’ t They
Comp. Bio.? (#1, Answers)

(YES?) Digital Libraries & Medical Record Analysis
¢ 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)



Are They or Aren’ t They
Comp. Bio.? (#2 )

o ( Gene identification by sequence characteristics
¢ Prediction of splice sites

e ( DNA methods in forensics

o ( Modeling of Populations of Organisms
() Ecological Modeling (predator & prey)

o ( Modeling the nervous system

¢ Computational neuroscience
¢ Understanding how brains think & using this to make a better computer
o ( Molecular phenotype discovery — looking for

gene expression signatures of cancer
¢ What if it included non-molecular data such as age ?



Are They or Aren’ t They
Comp. Bio.? (#2, Answers)

(YES) Gene identification by sequence characteristics
{ Prediction of splice sites

(YES) DNA methods in forensics
(NO)

(NO?)

« (YES) Molecular phenotype discovery — looking for
gene expression signatures of cancer
¢ What if it included non-molecular data such as age ?



(
(

Are They or Aren’ t They
Comp. Bio.? (#3 )

RNA structure prediction
Radiological Image Processing

() Computational Representations for Human Anatomy (visible human)

(

Artificial Life Simulations

O Artificial Immunology / Computer Security

0 (

N N N N N

Genetic Algorithms in molecular biology

Homology Modeling & Drug Docking
Char. drugs & other small molecules (QSAR)
Computerized Diagnosis based on Pedigrees
Processing of NextGen sequencing image files

Module finding in protein networks



Are They or Aren’ t They
Comp. Bio.? (#3, Answers)

« (YES) RNA structure prediction

* (NO)

* (NO)

0 (NO?)
« (YES) Homology Modeling & Drug Docking
e (YES) Char. drugs & other small molecules (QSAR)

* (NO)
* (NO)
* (YES)



Class Web Page

w/GersteinLab.org/COU rses/452

Assignment #0 Page
https://goo.gl/7 M D P1 |



