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THE BIG DATA ERA

VOLUME

VARIETY

VELOCITY

VALUE L ohE




Amount of new data stored varies across geography

[Nmu_dma_stored‘ by geography| 2010
Petabytes

>3,900 52,000
North - >250
America urope 4
China > 400
Japan
>200
Middle East >30
and Africa India
>50 >300
Latin Rest of APAC
America

1 New data stored defined as the amount of avaliable Storage used in a given year; see appendix for more on the definition and
assumptions.
SOURCE: 1DC storage reports, McKinsey Global Institute analysis




Current Providers

Microsoft (Hotmail, etc.)
Google

Yahoo!

Facchook

PalTalk

YouTube

Skype

AOL

Apple

What Will You Receive in Collection
(Surveillance and Stored Comms)?
It varies by provider. In gencral:
E-mail
Chat - video, voice
Videos
Photos
Stored data
VoIP
File transfers
Video Conferencing
Notifications of target activity — logins, <tc,
Omline Social Networking details
Special Requests

Complete list and detadls on PRISM web page

Go PRISMFAA
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NIH Big Data to Knowledge (BD2K)
2013 - S96 million to establish six to eight

Big Data to Knowledge Centers of Excellence

NIH Director

[ NIH Director’s |

Steering Committee J

|

Scientific
Data Council (SDC)

BD2K
Executive Committee

Group 1 Group 2
Facilitating Broad Analysis Methods &

Group 3 Group 4
Use of Data Software Enhancing Training Centers of Excellence

Peter L NIGMS
Jennie Larkin (NLHBI) Vivien Bonazzi (NHGRI) Michele Dunn (NCI) Bee:r:da)csst::()( (N?BIB))

Mike Huerta (NLM) Jennifer Couch (NCI) Bettie Graham (NHGRI) Mike Huerta (NLM)
Lisa Brooks (NHGRI)




Opportunities and Challenges in
Biomedical Research

Access

Management

Analysis

Integration of datasets

[e.g., imaging, phenotypic, molecular (including various '-omics'),
exposure, health, behavioral

Big Data emanate from three sources:

(1) a small number of groups that produce very large amounts of
data for use by the entire research community;

(2) individual investigators who produce large datasets, often
empowered by the use of readily available new technologies

(3) research data or clinical data in electronic health records
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~ 88 years

~50 years

1865

1900

1944

1953

1960’s

1977

1975-79

1986

1990

1995

1999

2003

Mendel discovers laws of genetics

Rediscovery of Mendel’s genetics

DNA identified as hereditary material

DNA structure

Genetic code

Advent of DNA sequencing

First human genes isolated

DNA sequencing automated

Human genome project officially begins

First whole genome

First human chromosome

‘Finished” human genome sequence




Landmarks in Genetics and Genomics

Landmarks in genetics and genomics
R
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Definitions

* Genetics: Study of and
their impact on relatively rare

* Genomics: Study of in the
human genome together, including their
with , the

, and other psychosocial and
cultural factors
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February 2001: First Draft published
April 2003: sequencing is completed but its analysis continue ...






The DNA Double Helix

Sugar
phosphate Hcas
backbone \ ', A
£ . Y e :
4 : ' Base pair
4 ‘ | /
- . {/ "IA n
/N | 4 >

Adenine (A) W Cytosine (C)

Thymine (T) Gy Guanine (G)



Gene Expression - Proteins

DNA Transcription Transcription
start site Intron Exon stop site
\

7 * -
[ T—

\ / Promoter i Transcription
Potential

regulatory i Splicing Initial transcription product

elements

Intron sequencee/

removed during Finished transcription product
splicing _~~containing only exons

* Translation

Initial translahon/
product =i
(amino acid chain)

¢ Posttranslational modification

Finished protein



http://www.news-medical.net/health/What-is-Gene-Expression.aspx
http://www.news-medical.net/health/What-is-Gene-Expression.aspx
http://www.news-medical.net/health/What-is-Gene-Expression.aspx
http://www.news-medical.net/health/What-is-Gene-Expression.aspx
http://www.news-medical.net/health/What-is-Gene-Expression.aspx
http://www.news-medical.net/health/What-is-Gene-Expression.aspx
http://www.news-medical.net/health/What-is-Gene-Expression.aspx
http://www.news-medical.net/health/What-is-Gene-Expression.aspx
http://www.news-medical.net/health/What-is-Gene-Expression.aspx

Human Genome Sequence
10,000 nts x 1000 pg = = 3 Billion bp

AAAGGGCCTTGAAAAGGGCCTTGAAAAGGGCCTTGAAAAGGGGCCTAAAAGGGGTGCCTAAAAGGGGCCTTGAA
AAGGGCCTTGAAAAGGGCCTTGAAAATTGG CCTTGAAAAGGGCCTTGAAGAGCCTAAAAGGG
GCCTTAAAAGGGCCTTGAAAAGGGCCTTGAAAAGGGCCTTGAAAAGGGCCTTGAAAAGGGCCTTGAAAAGGGCC
TTGAAAAGCTCCTTGCCTAAAAGGGCTTGAAAAGGGCCTTGAAAAGGGCCTTGAAAAGGGCCTTGAAAAGGGCCT
TGAAAAGGGCCTTGGCCTAGCCTAAAAGGGAAAAGGGCCTTGAAAAGCTCCTAAAAGGGAGGGCCTTGAAAAGG
GCCTTGAAAGAGCTAAAAGGGAGGGCCTTGAAAAGGGCCTTGAAAAGGGCCTAAGCCTAAAAGGGTAAAAGGGC
CTAAAAGGGCCTAAAAGGGCCTAAAAGGGCCTAAAAGGGCCTAAAAGGGGGGAAGGGCCTGGGAAGGGCCTGG
GATAGCCTAAAAGGGGCCTAAAAGGGTTGGCAAGGGCCTAAAAGGGCCTAAAAGGGCCTAAAAGGGGGGAAGGG
CCTGGGAAGGGCCTGGGATAGCCTAAAAGGGGCCTAAAAGGGTTGGTTGAAAAGGGCCTTGAAAAGGGCCTTGG
CCTAGCCTAAAAGGCCGGCCTAAAAGGGCCTAAAAGGGTATATATATACACACACACTAGAGAGAGAGATATATTATA

CACACACCATATATAAAAAATTTATATGGGTTCTCC::::::::»CCTAGCCTAAAAGGCCGGCCTAAAAGGGCCTAAAA




Organism
Vertebrates

e

Invertebrates

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

TABLE 15.2 S5O0OME EUKARYOTIC GENOMES

Homo sapiens (human)

Pan troglodytes (chimpanzee)

Mus musculus (mouse)

Gallus gailus (chicken)

Fugu rubripes (pufferfish)

Caenorhabditis elegans
(nematode)

Drosophila melanogaster
(fruit fly)

Estimated
Genome

Size (Mbp)

3,200

2,800

2,500

1,000

365

97

137

Number
of Genes
(x1,000)

20-25

20-25

25

20-23

35

21

13

Nature of Genome

The first large genome to be sequenced; the number of
transcribable genes is far less than expected; much of the ge
occupied by repeated DMA sequences.

There are few base substitutions between chimp and humar
genomes, less than 2%, but many small sequences of DNA |
been lost as the two species diverged, often with significant

Roughly 80% of mouse genes have a functional equivalent i
human genome; importantly, large portions of the noncodir
DNA of mouse and human have been conserved; overall, ro
genomes (mouse and rat) appear to be evolving maore than
fast as primate genomes (humans and chimpanzees).

One-third the size of the human genome; genetic variation
domestic chickens seems much higher than in humans.

The Fugu genome is only one-ninth the size of the human g
yet it contains 10,000 more genes.

The fact that every cell of C. elegans has been identified mak
its genome a particularly powerful tool in developmental bic

Drosophila telomere regions lack the simple repeated segme
that are characteristic of most eukaryotic telomeres. About ¢
of the genome consists of gene-poor centric heterochromat



Genome Sequence Similarities to
Other Species

Fruit Fly e
14494% e 23andMe

What percent
of your genes
do you share?

www.23andme.com



(in millions )
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Number of base pair
differences

=
ol

wv1 W

—

o

The number of base pair differences between
biological relatives decreases as a function of their
coefficient of relatedness.

|

unrelated second  firt  grand  mother brotheror twin
human  cousin  cousin  mother sister



Quantitative Advances Since
the Human Genome Project (HGP)

HGP Begins ~ HGPEnds | 10 Years after HGP

anome Sequencine
Cost to Generate a Human :

Genome Sequence ~§1 billion 1 ~$10-50 million ~$3:5 thousand
Time to Generate a Human i

Genome Sequence ~6§ years ;  ~3-4 months ~1-2 days
Human Genome Sequences 0 i 1 Thousands




Quantitative Advances Since
the Human Genome Project (HGP)

snome Sedle a [)afs :
Total DNA Bases in GenBank ~49 million i ~31 terabases ~150 terabases
w.h ole-Genome Shotgun Bases 0 + ~0,6 terabases ~391 terabases
in GenBank !
Vertebrate Genome Sequences 0 i 3 112
Non-Vertebrate, Eukaryotic 0" Y 155
Genome Sequence :
Prokaryotic Genome Sequences 0 E 167 8760
Human Single-Nucleotide ~44thousand *  ~34millon -53.6 million
Polymorphisms .




Genomic Information

Novel Diagnostics
Microchips & Microarrays - DNA N \ | R
Gene Expression - RNA il
Proteomics - Protein

Novel Therapeutics
Drug Target Discovery
Rational Drug Design
Molecular Docking
Gene Therapy
Stem Cell Therapy

Understanding Metabolism

Understanding Disease
Inherited Diseases - OMIM
Infectious Diseases

Pathogenic Bacteria
Viruses
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National Center for Biotechnology
Information (NCBT)

Genomes & Maps
Data & Software

DNA & RNA

Domains & Structures
Genes & Expression
Genetics & Medicine
Homology

Literature

Proteins

Sequence Analysis
Chemicals & Bioassays
Taxonomy

Training & Tutorials
Variation



https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&ved=0CCoQFjAA&url=http://www.ncbi.nlm.nih.gov/&ei=AQ0KUoe6HIuCkwX3lICABQ&usg=AFQjCNEtxijk1bbk_J3zghYe8TRBijQ4rw&sig2=ldz8gucWu6j_FuvJTzpH3g
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&ved=0CCoQFjAA&url=http://www.ncbi.nlm.nih.gov/&ei=AQ0KUoe6HIuCkwX3lICABQ&usg=AFQjCNEtxijk1bbk_J3zghYe8TRBijQ4rw&sig2=ldz8gucWu6j_FuvJTzpH3g
http://www.ncbi.nlm.nih.gov/guide/sitemap/
http://www.ncbi.nlm.nih.gov/guide/genomes-maps/
http://www.ncbi.nlm.nih.gov/guide/data-software/
http://www.ncbi.nlm.nih.gov/guide/dna-rna/
http://www.ncbi.nlm.nih.gov/guide/domains-structures/
http://www.ncbi.nlm.nih.gov/guide/genes-expression/
http://www.ncbi.nlm.nih.gov/guide/genetics-medicine/
http://www.ncbi.nlm.nih.gov/guide/homology/
http://www.ncbi.nlm.nih.gov/guide/literature/
http://www.ncbi.nlm.nih.gov/guide/proteins/
http://www.ncbi.nlm.nih.gov/guide/sequence-analysis/
http://www.ncbi.nlm.nih.gov/guide/chemicals-bioassays/
http://www.ncbi.nlm.nih.gov/guide/taxonomy/
http://www.ncbi.nlm.nih.gov/guide/training-tutorials/
http://www.ncbi.nlm.nih.gov/guide/variation/

Genome Browsers - International

United States:
http://www.ncbi.nlm.nih.gov/mapview/ NIH-NCBI

http://genome.ucsc.edu/ University of California Santa
Cruz

Genome.wustl.edu / Washington University
Europe:

http://www.ensembl.org/index.html (The European
Bioinformatics Institute). Part of the European
Molecular Biology Laboratory) AND Wellcome trust
Sanger Institute)

Japan:

http://utgenome.org/UTGBMedaka University of
Tokyo Genome Browser



http://www.ncbi.nlm.nih.gov/About/primer/bioinformatics
http://www.ncbi.nlm.nih.gov/mapview/
http://www.ncbi.nlm.nih.gov/mapview/
http://genome.ucsc.edu/
http://www.topsimilarsites.com/similar-to/genome.wustl.edu
http://genome.ucsc.edu/
http://genome.ucsc.edu/
http://www.ensembl.org/index.html
http://utgenome.org/UTGBMedaka
http://utgenome.org/UTGBMedaka

=NCBI NCBI BLAST Home Page
http:/ /blast.ncbinlm.nih.gov/

:_: ELAET ® My MCEI| ki

Mational Certer for
Biotechnology Information

Home RecontResults Saved Strategies  Help

» NCBI BLAST Home
BLAST finds regions of similarity between biological sequences. moms.,

MNows

SOAP BLAST

[T Asigning Multiple Protein Sequencese? Try the COBALT Multiple Alignment Tool. _Ga)

A SOAF based BLAST
sarvice Is avallable.

BLAST Assembled RefSeq Genomes Man, 18 Jul 2011 08:00:00
EST
Choose a species genome fo search, or list all genomic BLAST databases.

[E| Mors BLAST news ...

o Human o QOryza sativa o Gallus gallus
o Mouse o Bos taurus o Pan troglodytes
o Rat o Danio rerio o Microbes Tip of the Day
o Arabidopsis thallana = Drosophila melancgaster v Apis mellifera
Use Ganomic BLAST to
Basic BLAST
i you are intarastad in
Choose a BLAST program o run. e e
pariicular gene or gene
nucleotide blast | S€arch a nucleotide database using a nucleotide query tamily it is often
Algonthms. blastn, megablast, disconfiguous megablast intetesting to examine

the intro-axon struciure
even across Species.

[ More tips...

; Search protein database using a protein query
otein blast
R Algonthms: blastp, psi-blast, phi-blast

blastx Search protein database using a translated nucleotide queny
tblastn | Search translated nucleotide dalabase using a protein query

thlasts Search translated nucleotide database using a tfranslated nucleotide query
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Pre-genomic bioinformatics

"The mathematical, statistical and computing
methods that aim to solve biological problems using
DNA and Amino Acid sequences and related
information.”

According to this scheme, the monomers in a given
macromolecule of DNA or protein can be treated
computationally as /etters of an alphabet, put
together in pre-programmed arrangements to carry
messages or do work in a cell.



Post-genomic bioinformatics

- Possess multiple whole genomes

- Look for differences and similarities between
all the genes of multiple species.

- Draw particular conclusions about species and
general ones about evolution.

- Referred to as comparative genomics



'.;"‘_-, NCBl Resources ¥ How Ta [

=NCBI

Mational Center far
Biatechnalogy Information

NCBI Home

|AI| Databases |

Welcome to NCEI

Resource List (A-7)

All Resources

The Mational Center for Biotechnology Infarmation advances science and health by providing access to biomedical
and genomic information.

Chemicals & Bioassays

About the NCBI | Mission | Organization | Besearch | NCBI Mews

Data & Software

OINA & RMA

Daornains & Structures

Get Started

Genes & Expression

o [ools: Analyze data using NCBI software

Genetics & Medicine

o Downlogds: Get MCBI data or software

Genomes & Maps

o How-To's: Learn how to accomplish specific tasks at NCEI
e Subrnissions: Submit data to GenBank or other NCBI databases

Hamalogy

Literature

Proteins

Genotypes and Phenotypes

Sequence Analysis

Data from Genome Wide Association

Taxanarmy

studies that link genes and diseases.

Training & Tutorals

See study variables, protocols, and
analysis.

“ariation

V)

nm 1 2 3 4 5 6 7 8



File Edt View History Bookmarks Tools  Help

& Genames & Maps - Site Gide - NCEI IT]

(' ¢ waney nchi,nlm. nib, gov/guide genomes-maps/ ¢ ‘ ‘ Q- s
. L . . . NEWS| |

- P o » 33°C | Get Media Player Plugn | ool J | __’,,J n

:‘: NCBl  Resqurces |E| How To E|

SNCBI

National Certer for
Bictechnology Information

[All Databases +|

NCBI Home Genomes & Maps

Resource List (A-/) Al | | Databases | | Downloads | | Submissions | | Tools | | How To

All Resources

Databases
Chemicals & Bioassays

BioProject formerly Genome Project)

A collection of genamics, functional genomics, and genetics studies and links to their resulting datasets. This
resource describes project scope, material, and objectives and provides a mechanism to retrieve datasets that are
often difficult to find due to inconsistent annotation, multiple independent submissions, and the varied nature of diverse
data types which are often stored in different databases.

Data & Software
DA & RMNA

Domaing & Structures

Genes & Expression

zenetics & Medicine CloneDB (forrmerly Clone Registry)

A database that integrates information about clones and libraries, including sequence data, map pasttions and
distributar information,

Genomes & Maps

Homalogy
Literature Database of Genome Surey Seguences (dhG35)
Proteins A divizion of GenBank that containg shart single-pass reads of genomic DNA, dbGS5 can be searched diractly

through the Nucleotide GS5 Database.
Seguence Analysis

Database of Genomic Structural Variation (dbVar)

Taxonomy

Training & Tutorials

‘ariation

I @ Genomes & Maps - Si.. | Search Restilts

| 1 1-Paint |

The dbar database has been developed to archive infarmation associated with large scale genamic variation, including
large insertions, deletions, translocations and inversions. In addition ta archiving variation discovery, dbYar also stores
associations of defined variants with phenotype information.

Epigenomics
This resource enables users to explore and visualize richlv-annotated enigenomics datasets. It orovides & unigue

« 1K t43em
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Ke: & Genames & Maps - Site GLide - NCEI | + ‘
1|y (- e wnes, nchi, nim. nih, gow/quide fgenomes-maps/ || Q = Search The Weh (privitize) )‘ ; ]
- E=. o s ) . . wews| |
o =- P t i 33°C | Get Media Player Plugin ,‘fuuu__-HJ J I‘,J n
Cliy
. Downloads
Slic
25 FTP: Genome
Thiz site containg genome sequence and mapping data far organisms in Entrez Genome. The data are arganized in
directories for single species or groups of species. Mapping data are collected in the directary MapView and are
arganized by species. See the README file in the root directory and the README files in the species subdirectories
far detailed information.
FTP: Genome Mapping Data
86/ Containg directories for each genome that include available mapping data for current and previous builds of that
gEnome.
FTP: Genorne harkers (UniSTS)
Thig directory contains text and XML files for UniST3 records along with mapping data.
FTP: RefSeq
Thiz site containg all nucleotide and pratein sequence records in the Reference Sequence (RefSeq) callection. The
""release"" directory containg the most current release of the complete collection, while data for selected organisms
(such as human, mouse and rat) are available in separate directaries. Data are available in FASTA and flat file farmats.
See the README file for details.
FTF: SkY/M-Fish and CGH Data
Thig site containg SKY-CGH data in ASN.1, XML and EasySKYCGH formats. See the skycghreadme.tut file for more
infarmation.
FTP: Sequence Read Archive (SRA) Download Facility
Thig site containg next-generation sequencing data organized by the submitted sequencing project.
FTP: Trace Archive
This site contains the trace chramatogram data organized by species. Data include chramatogram, guality scores,
FASTA sequences from automatic base calls, and other ancillary information in tab-delimited text as well as XML
o farmats. See the README file for details.
IC

I [N SN E=]

throuah the Mucle
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®) Index of ftp:/ ftp.nchinlm.nih.gov/genomes; - Mozilla Firefox -|0] x|
. File  Edt View Hstory Bookmarks Todls Help

| ! Indes: of Ftp:f Ftp. ncbi.nlm.nih.oov/genomes| | + |

(' fepeiFtp. ncki. nim, nib gov/genomes| c ‘ Q, = Search The Web (privitize) }" ‘ J &
B P -| l 33°C | Get Media Player Plugm ‘fﬂu.__,J U:J _ﬁj ﬂ
.
i
| Index of ftp://ftp.ncbinim.nih.gov/genomes/
M Up to igher level diectory
’. Name Size Last Modified
| ASSEMELY_REPORTS 1702013 83000 AM
| Acyrthosiphon_pisum 3152012 12:00:00 AM
| hedes_zegypti 921/2010  12:00:00 AM
| Ailoropoda_melanoleuca 906/2012  12:00:00 AM
| Amphimedan_gueenslandica 3152012 12:00:00 AM
| Anas_plabyrhynchos 7J3/2013 102300 FM
| Analis_caralinensis 315/2012  12:00:00 AM
. | Anopheles_gambiae 1/14/2006  12:00:00 AM
i __ Apis_florea 4132012 12:00:00 AM
: | Apis_mnelifera 12/20/2012  12:00:00 &M
E | Aplysia_californica 7j24/2013  10:41:00 PM
| Arabidopsis_lvrata S11/2011  12:00:00 AM
| Arabidopsis_thaliana 9J30/2008  12:00:00 AM
| BACENDS 5132010 12:00:00 AM
| Bacteria 31712013 10:19:00 AM
.| Bacteria_CRAFT 412902013 830,00 PM
| Bombus_impatiens 3152012 12:00:00 AM
___| Bambus_terrestris 315/2012  12:00:00 AM
| Bombyx_mori 732013 100500 PM j
Finz Faii e AlRI7013 T 00 FM

fijtartl Héen?” (i3 Micrasoft PowerPaint - ... ||‘ Index of ftp://ftp.nehi.. | Search Results | 1 3-Paint « Wi K 147em




) Index of ftp:/ /Fep.ncbi.nlm.nih.gov/genomes; - Mozilla Firefox

File Edt “iew History Bookmarks Tools  Help

‘ ! Index of Ftp:/fFtp.nchi.im.ribv. gow)genomes/ m

(- e ftp:ffFkp.nebi.rlm.nib, gov/genomesy

@ ‘ ‘ Q - Search The Weh {privitize)

= b | i 10 s | GerMeda Py | o3 ™Y ) I
_Gallus_gallus b/Z8]ZUL3 LL3UTUU P
| Glycine_max 3/15/2012  12:00:00 AM
| Gorilla_gorilla 1/2/2013  12:00:00 AM
' HUMAN_MICROBIOM 4/19/2012  12:00:00 AM
__ H sapiens 8/16/2013  4:52:00 PM
.| Heterocephalus_glaber 6/21/2013  8:02:00 PM

Homo_sapiens 12/14/2012 12:00:00 AM

| Hydra_magnipapillata 3/8/2013  3:44.00 AM
_|IDS 8/16/2013  2:43:00 PM
 INFLUENZA 8/17/2013  9:11:00 AM
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How to: View/download features around an object or between two objects on a chromosome

Resource List {A-Z)

All Resources

starting with...

Chernicals & Bioassays

A MARKER NAME, GENE NAME/SYMBOL, OR SEQUENCE ACCESSION NUMBER (e.g., NM_138635)

1.

Data & Software
ORA & RHA 5
Dormaing & Structures 3

(Genes & Expression

Genetics & Medicine

Genomes & Maps

Homalogy

Begin on the Map Yiewer home page. If necessary, expand the Search window by clicking the arrow, then select an arganism and enter the search
term. To display the region between two objects, use "OR" as follows: D105275 OR 0252660,

. Click on the Map Element or a single Map for the desired assembly.
. If necessary, use the Maps & Options dialog box to change displayed maps; the maps and region displayed determine the data available. You can also

uge the two boxes under Region Shown in the blue sidebar on the left to enter names, accessians, and coardinates.

. Click Data as Table ‘iew in the blue sidebar on the lef.
. Each map has a link to Download Data as a tab-delimited text file.

CHROMOSOMAL COORDINATES

Literature

Froteins

Sequence Analysis

Taxonomy

Training & Tutorials

‘ariation

ﬁ'ﬂStartl il @ ™ * [l Microsoft PowerPoint - [, | @ Index of Ftp:,l',l'ftp.nu:bi.nl...”.- Yiew,/download featu... d Search Resulks

. Begin on the Map “iewer home page. Click the "R" icon under Taals far the desired organism and build.
. Select the chromosome, enter the coordinates in the From and To boxes, and click Go. Use either exact coordinates, e.g. 51551076, or values such

as, GBI or G1851K,

I necessary, use the Maps & Options dialog box to change displayed maps; the maps and region displayed determine the data available.
Click D'ata as Table “iew in the blue sidebar an the lef.

Each map has a link to Download Data as a tab-delimited text file.
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Mouse annotation release 103 Apra
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Human annotation release 104 Dec3 2012
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Shaw all

The Map Viewer provides a wide variety of genome mapping and sequencing data. More..
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Summary This gene is the putative transforming gene of avian sarcama virus 17, It encodes a protein which is highly similar to the viral protein, and
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Summary This gene is the putative transforming gene of avian sarcoma virus 17 It encodes a protein which is highly similar to the viral protein, and
which interacts directly with specific target DNA sequences to regulate gene expression. This gene is intronless and is mapped to
1p32-p31, a chromosomal region involved in both translocations and deletions in human malignancies. [provided by RefSeq, Jul 2008
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Analysis of the Data

* The and the
information should be structured so that

* The should include or
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NCI/ FDA CLINICAL PROTEOMICS PROGRAM
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Proteomic information patterns in a drop of blood

Application to early detection of ovarian cancer

ll Stage at diagnosis

ACTUAL

Most ovarian cancers are detected
after they have already spread
beyond the ovary and the Syr
survival 1s less than

5 Year Survival

WITH EARLY DETECTION

III Iql‘iq‘ﬂ;qu
A_IA_,A_IA/_,

[ 1II I IV

Early diagnosis alone, with
conventional therapy, can
increase survival to greater
than



Lancet 2002; 359: 572-77

MECHANISMS OF DISEASE

Mechanisms of disease

& Use of proteomic patterns in serum to identify ovarian cancer

Emanuel F Petricoin Ill, Ali M Ardekani, Ben A Hitt, Peter J Levine, Vincent A Fusaro, Seth M Steinberg, Gordon B Mills,
Charles Simone, David A Fishman, Elise C Kohn, Lance A Liotta

Summary

Background New technologies for the detection of early-
stage ovarlan cancer are urgently needed. Pathological
changes within an organ might be reflected in proteomic
patterns in serum. We developed a bioinformatics tool and
used it to identify proteomic patterns in serum that
distinguish neoplastic from non-neoplastic disease within
the ovary.

Introduction

Application of new technologies for detection of ovarian
cancer could have an important effect on public health,’
but to achieve this goal, specific and sensitive molecular
markers are essential.” This need is especially urgent in
women who have a high risk of ovarian cancer due to
family or personal history of cancer, and for women with
a genetic predisposition to cancer due to abnormalities



Typical serum profile from SELDI analysis
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Data analysis window: 0-20,000 Daltons = 15,500 data points




Proteomic Pattern Clustering in n-Space

B Benign/unaffected spectra Cancer spectra
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Classification of Unknown: NO MATCH




Classification of Unknown: BENIGN MATCH




Classification of Unknown: CANCER MATCH




Training Sets

OVARY a
UNAFFECTED TRAINING SET

DISEASE STATUS \

No Evidence of Disease:

) 37
No Evidence of Cysts
No Evidence of Disease: 1
Benign Ovarian Cysts < 2.5 cm
No Evidence of Disease:
Benign Ovarian Cysts > 2.5 cm 2
TOTAL 50

OVARY b
CANCER TRAINING SET

DISEASE STATUS N
Surgically Staged Ovarian Cancer 44
Stage I, IlI, IV
Surgically Staged Ovarian Cancer 6
Stage |
TOTAL 50

a = Ovarian cysts diagnosed by 3-Dimensional ultrasound, no evidence of cancer during
5 year follow-up. Sera donated upon enrollment and prior to gynecologic evaluation.

b = Sera donated before surgical staging and diagnosis.



Artificial Intelligence-Based Proteomic Pattern Diagnostics
Ovarian Cancer Results

TOTAL SENSITIVITY: 50/50 =100%

POSITIVE PREDICTIVE VALUE: 95% VS. 20% FOR CA125
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Genomics, Bioinformatics &
Computational Biology

Genomics Bioinformatics

Structural
Genomics
Computational Molecular Biology

Proteomics

Computational Biology

Machine : , Information
learning Robotics Algorithms theory
Artificial Databases Graph Statistics &

Intelligence theory probability



