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The Origin of “Genomics”: 1987

EDITORIAL

A New Discipline, A New Name, A New Journal

Genomics (1987)

“For the newly developing discipline of
[genome] mapping/sequencing (including the
analysis of the information), we have adopted
the term GENOMICS... The new discipline is
born from a marriage of molecular and cell
biology with classical genetics and is fostered
by computational science.”



October, 1990

Human
Genome
Project

The L ewic and Clark
Expedition
of the 21t Century

Human Genome Project Begins



April, 2003

Human Genome Project Ends



Myriad Applications of Genomics

Health, Disease, & Medicine



Turning discovery into
health

NIH

Advancing human health
through genomics research



Genomic Medicine

An emerging medical discipline that involves using
genomic information about an individual as part of their
clinical care (e.g., for diagnostic or therapeutic decision-

making) and the other implications of that clinical use
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Charting a course for genomic medicine
from base pairs to bedside

n', Mark S. Guy Human Genome Rese:

There has been much progress in genomics in the ten years since a draft sequence of the human genome was published.
Opportunities for understanding health and disease are now unprecedented, as advances in genomics are harnessed to
obtain robust foundational knowledge about the structure and function of the human genome and about the genetic
contributions to human health and disease. Here we articulate a 2011 vision for the future of genomics research and
describe the path towards an era of genomic medicine.
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from base pairs to bedside
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Function of the Human
Genome Sequence



~3,000 bp (0.0001%) of Human Genome Sequence

TGCCGCGGAACTTTTCGGCTCTCTAAGGCTGTATTTTGATATACGAAAGGCACATTTTCCTTCCCTTTTCAAAATGCACCTTGCAAACGTAACAG
GAACCCGACTAGGATCATCGGGAAAAGGAGGAGGAGGAGGAAGGCAGGCTCCGGGGAAGCTGGTGGCAGCGGGTCCTGGGTCTGGCGGACCCTGA
CGCGAAGGAGGGTCTAGGAAGCTCTCCGGGGAGCCGGTTCTCCCGCCGGTGGCTTCTTCTGTCCTCCAGCGTTGCCAACTGGACCTAAAGAGAGG
CCGCGACTGTCGCCCACCTGCGGGATGGGCCTGGTGCTGGGCGGTAAGGACACGGACCTGGAAGGAGCGCGCGCGAGGGAGGGAGGCTGGGAGTC
AGAATCGGGAAAGGGAGGTGCGGGGCGGCGAGGGAGCGAAGGAGGAGAGGAGGAAGGAGCGGGAGGGGTGCTGGCGGGGGTGCGTAGTGGGTGGA
GAAAGCCGCTAGAGCAAATTTGGGGCCGGACCAGGCAGCACTCGGCTTTTAACCTGGGCAGTGAAGGCGGGGGAAAGAGCAAAAGGAAGGGGTGG
TGTGCGGAGTAGGGGTGGGTGGGGGGAATTGGAAGCAAATGACATCACAGCAGGTCAGAGAAAAAGGGTTGAGCGGCAGGCACCCAGAGTAGTAG
GTCTTTGGCATTAGGAGCTTGAGCCCAGACGGCCCTAGCAGGGACCCCAGCGCCCGAGAGACCATGCAGAGGTCGCCTCTGGAAAAGGCCAGCGT
TGTCTCCAAACTTTTTTTCAGGTGAGAAGGTGGCCAACCGAGCTTCGGAAAGACACGTGCCCACGAAAGAGGAGGGCGTGTGTATGGGTTGGGTT
TGGGGTAAAGGAATAAGCAGTTTTTAAAAAGATGCGCTATCATTCATTGTTTTGAAAGAAAATGTGGGTATTGTAGAATAAAACAGAAAGCATTA
AGAAGAGATGGAAGAATGAACTGAAGCTGATTGAATAGAGAGCCACATCTACTTGCAACTGAAAAGTTAGAATCTCAAGACTCAAGTACGCTACT
ATGCACTTGTTTTATTTCATTTTTCTAAGAAACTAAAAATACTTGTTAATAAGTACCTAAGTATGGTTTATTGGTTTTCCCCCTTCATGCCTTGG
ACACTTGATTGTCTTCTTGGCACATACAGGTGCCATGCCTGCATATAGTAAGTGCTCAGAAAACATTTCTTGACTGAATTCAGCCAACAAAAATT
TTGGGGTAGGTAGAAAATATATGCTTAAAGTATTTATTGT TATGAGACTGGATATATCTAGTATTTGTCACAGGTAAATGATTCTTCAAAAATTG
AAAGCAAATTTGTTGAAATATTTATTTTGAAAAAAGTTACTTCACAAGCTATAAATTTTAAAAGCCATAGGAATAGATACCGAAGTTATATCCAA
CTGACATTTAATAAATTGTATTCATAGCCTAATGTGATGAGCCACAGAAGCTTGCAAACTTTAATGAGATTTTTTAAAATAGCATCTAAGTTCGG
AATCTTAGGCAAAGTGTTGTTAGATGTAGCACTTCATATTTGAAGTGTTCTTTGGATATTGCATCTACTTTGTTCCTGTTATTATACTGGTGTGA
ATGAATGAATAGGTACTGCTCTCTCTTGGGACATTACTTGACACATAATTACCCAATGAATAAGCATACTGAGGTATCAAAAAAGTCAAATATGT
TATAAATAGCTCATATATGTGTGTAGGGGGGAAGGAATTTAGCTTTCACATCTCTCTTATGTTTAGTTCTCTGCATGTGCAGTTAATCCTGGAAC
TCCGGTGCTAAGGAGAGACTGTTGGCCCTTGAAGGAGAGCTCCTCCCTGTGGATGAGAGAGAAGGACTTTACTCTTTGGAATTATCTTTTTGTGT
TGATGTTATCCACCTTTTGTTACTCCACCTATAAAATCGGCTTATCTATTGATCTGTTTTCCTAGTCCTTATAAAGTCAAAATGTTAATTGGCAT
AAATTATAGACTTTTTTTAGCAGAGAACTTTGAGGAACCTAAATGCCAACCAGTCTAAAAATGCAGTTTTCAGAAGAATGAATATTTCATGGATA
GTTCTAAATACTAATGAACTTTAAAATAGCTTACTATTGATCTGTCAAAGTGGGTTTTTATATAATTTTCTTTTTACAAATCACCTGACACATTT
AATATAGGTTAAAAAATGCTATCAGGCTGGTTTGCAAAGAAAATGTATTACAAAGGCTGCTAAGTGTGTTAAGAGCATACTCATTTCTGTTCTCC
AAAATATTTCATAAGGTGCTTTAAGAATAGGTATGTTTTTAAAAGTTAAGTTCCTACTATTTATAGGAACTGACAATCACCTAAAATACCAATGA
TTACAAACTTCCTTCTGGCCTTCTGGACTGCAATTCTAAAAGTGTAAAAAACATATTTTCTGCATTAAGTTAGGCAGTATTGCTTAGTTTTCAAA
GTGGTAGGCTTTGGAGTCAGATTATTTTGATTCAGATCCTACATCTACTGTTTAGTAGCTCTGTTGCCTGAGGCAGGTCCCTTAACATCTCTGTG
TGTGACTTGACCTTTAAAATTTGGAGACTGTCATAGGGGTTAATCCCTTGAGAAAATGAATGTGAAAAGTTAGCCTAATGTTAACTGCTATTATT
ATGGATTACCATATTTTCACATTCATCACAGTACATGCACCTTGTTAATATAAGATGCTCAATTCATCTTTGAGTATAATTTTGTGACTCTCAAT
CTGGATATGCAATGAGTGGGCCTGTATGAGAATTTAATTTATGAAAAATTGTGTTTCACATGGCCTTACCAGATATACAGGAAACACGTCACATG
TTTCTATTGTATGTTGTTAAATGCCTTAGAATTTAACTTTCTGAATAGGATCCCTTCAGTTTGAGAGTCATAAAAGAGTAAAATTATTATGGTAT



Comparative Genome Sequencing




~3,000 bp (0.0001%) of Human Genome Sequence

TGCCGCGGAACTTTTCGGCTCTCTAAGGCTGTATTTTGATATACGAAAGGCACATTTTCCTTCCCTTTTCAAAATGCACCTTGCAAACGTAACAG
GAACCCGACTAGGATCATCGGGAAAAGGAGGAGGAGGAGGAAGGCAGGCTCCGGGGAAGCTGGTGGCAGCGGGTCCTGGGTCTGGCGGACCCTGA
CGCGAAGGAGGGTCTAGGAAGCTCTCCGGGGAGCCGGTTCTCCCGCCGGTGGCTTCTTCTGTCCTCCAGCGTTGCCAACTGGACCTAAAGAGAGG
CCGCGACTGTCGCCCACCTGCGGGATGGGCCTGGTGCTGGGCGGTAAGGACACGGACCTGGAAGGAGCGCGCGCGAGGGAGGGAGGCTGGGAGTC
AGAATCGGGAAAGGGAGGTGCGGGGCGGCGAGGGAGCGAAGGAGGAGAGGAGGAAGGAGCGGGAGGGGTGCTGGCGGGGGTGCGTAGTGGGTGGA
GAAAGCCGCTAGAGCAAATTTGGGGCCGGACCAGGCAGCACTCGGCTTTTAACCTGGGCAGTGAAGGCGGGGGAAAGAGCAAAAGGAAGGGGTGG
TGTGCGGAGTAGGGGTGGGTGGGGG

GGTCGCCTCTGGAAAAGGCCAGCGT
TGTCTCCAAACTTTTTTTCAGGTGAGAAGGTGGCCAACCGAGCTTCGGAAAGACACGTGCCCACGAAAGAGGAGGGCGTGTGTATGGGTTGGGTT
TGGGGTAAAGGAATAAGCAGTTTTTAAAAAGATGCGCTATCATTCATTGTTTTGAAAGAAAATGTGGGTATTGTAGAATAAAACAGAAAGCATTA
AGAAGAGATGGAAGAATGAACTGAAGCTGATTGAATAGAGAGCCACATCTACTTGCAACTGAAAAGTTAGAATCTCAAGACTCAAGTACGCTACT
ATGCACTTGTTTTATTTCATTTTTCTAAGAAACTAAAAATACTTGTTAATAAGTACCTAAGTATGGTTTATTGGTTTTCCCCCTTCATGCCTTGG
ACACTTGATTGTCTTCTTGGCACATACAGGTGCCATGCCTGCATATAGTAAGTGCTCAGAAAACATTTCTTGACTGAATTCAGCCAACAAAAATT
TTGGGGTAGGTAGAAAATATATGCTTAAAGTATTTATTGTTATGAGACTGGATATATCTAGTATTTGTCACAGGTAAATGATTCTTCAAAAATTG
AAAGCAAATTTGTTGAAATATTTATTTTGAAAAAAGTTACTTCACAAGCTATAAATTTTAAAAGCCATAGGAATAGATACCGAAGTTATATCCAA
CTGACATTTAATAAATTGTATTCATAGCCTAATGTGATGAGCCACAGAAGCTTGCAAACTTTAATGAGATTTTTTAAAATAGCATCTAAGTTCGG
AATCTTAGGCAAAGTGTTGTTAGATGTAGCACTTCATATTTGAAGTGTTCTTTGGATATTGCATCTACTTTGTTCCTGTTATTATACTGGTGTGA
ATGAATGAATAGGTACTGCTCTCTCTTGGGACATTACTTGACACATAATTACCCAATGAATAAGCATACTGAGGTATCAAAAAAGTCAAATATGT
TATAAATAGCTCATATATGTGTGTAGGGGGGAAGGAATTTAGCTTTCACATCTCTCTTATGTTTAGTTCTCTGCATGTGCAGTTAATCCTGGAAC
TCCGGTGCTAAGGAGAGACTGTTGGCCCTTGAAGGAGAGCTCCTCCCTGTGGATGAGAGAGAAGGACTTTACTCTTTGGAATTATCTTTTTGTGT
TGATGTTATCCACCTTTTGTTACTCCACCTATAAAATCGGCTTATCTATTGATCTGTTTTCCTAGTCCTTATAAAGTCAAAATGTTAATTGGCAT
AAATTATAGACTTTTTTTAGCAGAGAACTTTGAGGAACCTAAATGCCAACCAGTCTAAAAATGCAGTTTTCAGAAGAATGAATATTTCATGGATA
GTTCTAAATACTAATGAACTTTAAAATAGCTTACTATTGATCTGTCAAAGTGGGTTTTTATATAATTTTCTTTTTACAAATCACCTGACACATTT
AATATAGGTTAAAAAATGCTATCAGGCTGGTTTGCAAAGAAAATGTATTACAAAGGCTGCTAAGTGTGTTAAGAGCATACTCATTTCTGTTCTCC
AAAATATTTCATAAGGTGCTTTAAGAATAGGTATGTTTTTAAAAGTTAAGTTCCTACTATTTATAGGAACTGACAATCACCTAAAATACCAATGA
TTACAAACTTCCTTCTGGCCTTCTGGACTGCAATTCTAAAAGTGTAAAAAACATATTTTCTGCATTAAGTTAGGCAGTATTGCTTAGTTTTCAAA
GTGGTAGGCTTTGGAGTCAGATTATTTTGATTCAGATCCTACATCTACTGTTTAGTAGCTCTGTTGCCTGAGGCAGGTCCCTTAACATCTCTGTG
TGTGACTTGACCTTTAAAATTTGCAGACTGTCATACCGETTAATCCCT TCACAAAATCAATCTGARAAGTTAGCCTAATGTTAACTGCTATTATT
ATGGATTACCATATTTTCACATTCATCACAGTACATGCACCTTGTTAATATAAGATGCTCAATTCATCTTTGAGTATAATTTTGTGACTCTCAAT
CTGGATATGCAATGAGTGGGCCTGTATGAGAATTTAATTTATGAAAAATTGTGTTTCACATGGCCTTACCAGATATACAGGAAACACGTCACATG
TTTCTATTGTATGTTGTTAAATGCCTTAGAATTTAACTTTCTGAATAGGATCCCTTCAGTTTGAGAGTCATAAAAGAGTAAAATTATTATGGTAT



The Epigenomic Landscape



ENCyclopedia Of DNA Elements



A ‘GPS’ View of the Human Genome




TGCCGCGGAACTTTTCGGCTCTCTAAGGCTGTATTTTGATAT
ACGAAAGGCACATTTTCCTTCCCTTTTCAAAATGCACCTTGC
AAACGTAACAGGAACCCGACTAGGATCATCGGGAAAAGGAGG
AGGAGGAGGAAGGCAGGCTCCGGGGAAGCTGGTGGCAGCGGG
TCCTGGGTCTGGCGGACCCTGACGCGAAGGAGGGTCTAGGAA
GCTCTCCGGGGAGCCGGTTCTCCCGCCGGTGGCTTCTTCTGT
CCTCCAGCGTTGCCAACTGGACCTAAAGAGAGGCCGCGACTG
TCGCCCACCTGCGGGATGGGCCTGGTGCTGGGCGGTAAGGAC
ACGGACCTGGAAGGAGCGCGCGCGAGGGAGGGAGGCTGGGAG
TCAGAATCGGGAAAGGGAGGTGCGGGGCGGCGAGGGAGCGAA
eler:\elerXerNeleyNeervielerNeleleeereeeeifesuyeleleeeeleeiye
CGTAGTGGGTGGAGAAAGCCGCTAGAGCAAATTTGGGGCCGG
ACCAGGCAGCACTCGGCTTTTAACCTGGGCAGTGAAGGCGGG
GGAAAGAGCAAAAGGAAGGGGTGGTGTGCGGAGTAGGGGTGG
GTGGGGGGAATTGGAAGCAAATGACATCACAGCAGGTCAGAG
AAAAAGGGTTGAGCGGCAGGCACCCAGAGTAGTAGGTCTTTG
GCATTAGGAGCTTGAGCCCAGACGGCCCTAGCAGGGACCCCA
GCGCCCGAGAGACCATGCAGAGGTCGCCTCTGGAAAAGGCCA
GCGTTGTCTCCAAACTTTTTTTCAGGTGAGAAGGTGGCCAAC
CGAGCTTCGGAAAGACACGTGCCCACGAAAGAGGAGGGCGTG
TGTATGGGTTGGGTTTGGGGTAAAGGAATAAGCAGTTTTTAA
AAAGATGCGCTATCATTCATTGTTTTGAAAGAAAATGTGGGT
ATTGTAGAATAAAACAGAAAGCATTAAGAAGAGATGGAAGAA
TGAACTGAAGCTGATTGAATAGAGAGCCACATCTACTTGCAA
CTGAAAAGTTAGAATCTCAAGACTCAAGTACGCTACTATGCA
CTTGTTTTATTTCATTTTTCTAAGAAACTAAAAATACTTGTT
AATAAGTACCTAAGTATGGTTTATTGGTTTTCCCCCTTCATG
CCTTGGACACTTGATTGTCTTCTTGGCACATACAGGTGCCAT
GCCTGCATATAGTAAGTGCTCAGAAAACATTTCTTGACTGAA
TTCAGCCAACAAAAATTTTGGGGTAGGTAGAAAATATATGCT
TAAAGTATTTATTGTTATGAGACTGGATATATCTAGTATTTG
TCACAGGTAAATGATTCTTCAAAAATTGAAAGCAAATTTGTT
GAAATATTTATTTTGAAAAAAGTTACTTCACAAGCTATAAAT
TTTAAAAGCCATAGGAATAGATACCGAAGTTATATCCAACTG
ACATTTA

y

The Human

Genome Sequence




Human Genomic
Variation






Nature (2012)
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Nature (2010) 2535 Humans, 26 Populations



Your Genome: By the Numbers

> ~6B nucleotides

~3-5M single-nucleotide variants
~150K not Iin databases
~60 not in either parent

~100 ‘disruptive’ variants in genes

» ~20 completely inactivated genes (both copies)



Genomic Basis for
Human Diseases



Genomic Architecture of Genetic Diseases

Rare, Simple, Monogenic, Common, Complex, Multigenic,
Mendelian... Non-Mendelian...

Manolio et al., J Clin Invest (2008)



Monogenic Diseases/Traits
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Source: Online Mendelian Inheritance in Man (www.omim.org)



Monogenic Diseases/Traits

Source: Online Mendelian Inheritance in Man (www.omim.org)



Genome-Wide Association Studies (GWAS)



The First GWAS Success Story:
Age-Related Macular Degeneration

Complement Factor H Polymorphism in Age-Related Macular Degeneration
Robert J. Klein,' Caroline Zeiss,”" Emily Y. Chew.*” Jen-Yue Tsai,*" Richard S. Sackler,' Chad Haynes,l

Alice K. Henning,5 John Paul SanGiovanni,” Shrikant M. Mane.” Susan T. Mayne,7 Michael B. Bracken,’
Frederick L. Ferris,” Jurg Ott,' Colin Barnstable,” Josephine Hoh’"

Science (2005)



NHGRI GWA Catalog
www.genome.gov/GWAStudies
www.ebi.ac.uk/fgpt/gwas/



Routine Whole-
Genome Sequencing






Human Genome Sequence

~$1,000,000,000

~$1,000 “The $1000 Genome”









Sequencing a Human Genome

HGP Immediate
(15t Sequence) Post-HGP Today

~6-8 years ~3-4 months ~1-3 days

~$1B ~$10-50M ~$3-5K



And Yet Newer Technologies...



Genome Sequencing as a ‘Commodity’



Routine Analysis of
Genome Sequences



The Largest Current Bottleneck in Genomics...






The Data Analysis Bottleneck

TGCCGCGGAACTTTITCGGCTCTCTAAGGCTGTATTTTGATATACGAAAGGCACATITTCCTTCCCTTTTCAAAATGCACCTTGCAAACGTIAACAG
GAACCCGZCTAGGATCATCGGGAAAAGGAGGAGGAGGAGGAAGGCAGGCTCCGGGGAAGCTGGTGGCAGCGGGTCCTGGGTCTGGCGGACCCTGA
CGCGAAGUANAGGGTCTAGSGAAGCTCTCCGGGGAGCCGGTTCTCCCGCCGGTGGCTTOQTTCTGICCTCCAGCGTTGCCAACTGGACCTAAAGAGAGG
CCGCGACTGTCGCCCACCTGCGGGATGGGCCTGGTGCTGGGCGGTAAGGACACGGACCTGGAAGGAGCGCGCGCGAGGGAGGGAGGCTGGGAGTC
AGAATCGGGAAAGGGAGSGTGCGGGGCGGC 5AGGGAGCGAAGGAGGAGAGGAGGAAGGAGCGSGAGGGGTGCTGGCGGGGGTGCGTAGTGGGTGGA
GAAAGCCGCTAGAGCAAATTTGGGGCCGGACCAGGCAGCACTCGGCTTTTAACCTCCCCACTCAACCCCCCCCARMACACCAAMACCAAGGGGTGG
TGTGCGGZGTAGGGGTGGGTGGGGGGAAT GGAAGCAAATGACATCACAGCAGGTOAGAGARAAAGGGTTGAGCGGCAGGCACCCAGAGTAGTAG
GTCTTTGGCATTAGGAGCTTGAGCCCAGA CGGCCCTAGCAGGGACCCCAGC(ICCCGAGAGACCATGCAGAGGTCGCCTCTGGAAAAGSCCAGCGT
TGTCTCCZAACTTTTTTICAGGTGAGAAG TGGCCAACCGAGCTTCGGAAAGACAQGTGCCCACGAAAGAGGAGGGCGTGTGTATGGSTTGGGTT
TGGGGTAZAGGAATAAGCAGTTTTTAAAAAGATGCGCTATCATTCATTGTTT TGAAAGAAAATGTGGGTATTGTAGAATAAAACAGAAAGCATTA
AGAAGAGATGGAAGAAT GAACTGAAGCTGATTGAATAGAGAGCCACATCTACTTGCAACTGAAAAGTTAGAATCTCAAGACTCAAGTACGCTACT
ATGCACTTGTTTTATTTCATTTTTCTAAGAAACTAAAAATACTTGTTAATAZGTACCTAAGTIATGGTTTATTGGTTTTCCCCCIITCATGCCTTGG
ACACTTGATIGTC TTCTIGGCACATACAGSTGCCATGCCTGCATATAGTAAGTGCICAGAAAACATTTCTTGACTGAATTCAGCCAACAAAAATT
TTGGGGTZ GGTAGAAAATATATGCTTAAAGTATTTATTGTTATGAGACTGGZ TATATCTAGTATTTGTCACAGGTAAATGAT'CTTCAAAAATTG
AAAGCAAATTTGTTGAAATATTTATTTTGAAAAAAGTTACTTCACAAGCTATAAATTTTAAAAGCCATAGGAATAGATACCGAAGTTATATCCAA
CTGACATTTAATAAATTGTATTCATAGCCIAATGTGATGAGCCACAGAAGCT' TGCAAACTTIAATGAGATTTTTTAAAATAGCATCTAAGTTCGG
AATCTTACGCAAAGTGT IGTTAGATGTAGCACTTCATATTTGAAGTGTTCTT TGGATATTGCATCTACTTTGTTCCTGTTATTATACIGGTGTGA
ATGAATGZATAGGTACT GCTCTCTCTTGGSACATTACTTGACACATAATTACCCAATGAATAAGCATACTGAGGTATCAAAAAAGTCAAATATGT
TATAAATAGCTCATATATGTGTGTAGGGG 5GAAGGAATTTAGCTTTCACATCTCTCTTATGITTAGTTCTCTGCATGTGCAGT 'AAT CCTGGAAC
TCCGGTGCTAAGGAGAGACTGTTGGCCCT IGAAGGAGAGCTCCTCCCTGTGGATGAGAGAGAAGGACTTTACTCTTTGGAATTATCTITTTGTGT
TGATGTTATCCACCTTTIGTTACTCCACCIATAAAATCGGCTTATCTATTGATCTGTTTTCCTAGTCCTTATAAAGTCAAAAT STTAATTGGCAT
AAATTETASACTTTTTTITAGCAGAGAACT I'TGAGGAACCTAAATGCCAACCAGTCTAAAAATGCAGTTTTCAGAAGAATGAATATT Y CATGGATA
GTTCTAAATACTAATGAACTITTAAAATAGL L TTACTATTGATCTIGTCAAAGTGGGTT T T TATATAATTTTCTTTTTACAAATCACCTGACACATTT
AATATAGGTTAAAAAATGCTATCAGGCTGER I PSCAAACAAIAATNCTIANTACI AACCCTCCTANCTCTCTIAACACCATACTCATTTCIGTTCTCC
AAAATATTTCATAAGGTGCTTTAAGAATAGGTATGTTTTTAAAAGTTAAGT T CCTACTATTTATAGGAACTGACAATCACCTAAAATACCAATGA
TTACAAACTTCCTTCTGGCCTTCTGGACTGCAATTCTAAAAGTGTAAAAAACATATTTTCTGCATTAAGTTAGGCAGTATTGCTTAGITTTCAAA
GTGGTAGGCTTTGGAGTCAGATTATTTTGATTCAGATCCTACATCTACTGT T TAGTAGCTCTGTTGCCTGAGGCAGGTCCCTTAACATCTCTGTG
TGTGACTTGACCTTTAAAATTTGGAGACTGTCATAGGGGTTAATCCCTTGAGAAAATGAATGTGAAAAGTTAGCCTAATGT T————— CIATTATT
ATGGATTACCATATTTTCACATTCATCACAGTACATGCACCTTGTTAATATAAGATGCTCAATTCATCTTTGAGTATAATTTTGTGACTCTCAAT
CTGGATATG(AATGAGTGGGCCTGTATGAGAATTTAATTTATGAAAAATTG]T'GTTTCACATGGCCTTACCAGATATACAGGAAACACSTCACATG
TTTCTATTGTATGTTGTTAAATGCCTTAGAATTTAACTTTCTGAATAGGAT(CCTTCAGTTTGAGAGTCATAAAAGAGTAAAATTATIATGGTAT
TTACAAACTTCCTTCTGGCCTTCTGGACTGCAATTCTAAAAGTGTAAAAAACATATTTTCTGCATTAAGTTAGGCAGTATTGCTTAGITTTCAAA
GTGGTAGGCTTTGGAGTCAGATTATTTTGATTCAGATCCTACATCTACTGTTTAGTAGCTCTGTTGCCTGAGGCAGGTCCCT TARCATCTCTGTG



New
Diagnostics






Genomic Accomplishments Across Domains

Understanding Understanding  Understanding Advancing Improving the
the Structure of the Biology of  the Biology of  the Science of  Effectiveness
Genomes Genomes Disease Medicine of Healthcare

1990-2003

Human Genome Project

2004-2010 Basic Genomics Discovery

2011-2020

Beyond 2020



The Future: Genome Sequencing

Mendelian Diseases/Traits



The Future: Genome Sequencing

Complex Diseases/Traits



Cancer is a Disease of the Genome

It Takes Several Mutations to Make a Cell Malignant



The Future: Genome Sequencing

Cancer Genomics



Genomic Accomplishments Across Domains

Understanding Understanding  Understanding Advancing Improving the
the Structure of the Biology of  the Biology of  the Science of  Effectiveness
Genomes Genomes Disease Medicine of Healthcare

1990-2003

Human Genome Project

2004-2010 Discovery Genomic Medicine

2011-2020

Beyond 2020



Bringing Genomic Medicine Into Focus



‘Hot Areas’ in Genomic Medicine

Cancer Genomics

——



Routine Clinical Diagnostic Tools

Radiographic Cancer Genome
Imaging Sequencing




Cancer Genomics: Here and Now

www.cancercenter.com



‘Hot Areas’ in Genomic Medicine

Cancer Genomics

——

Pharmacogenomics
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Bad
side effects



‘Hot Areas’ in Genomic Medicine

Cancer Genomics

Pharmacogenomics

Genomic Medicine
‘Test Drive’ Programs



Clinical Sequencing Exploratory Research (CSER)

cser-consortium.org



Implementing Genomics into
Clinical Practice Network (IGNITE)

Implementing Genomics in Practice (IGNITE)

Overview

Findings from the genomics field have slowly started to find
applications in clinical care. The field of "genomic medicine” could
potentially improve patient health and treatment strategies or better
predict the likelihood of disease.

The Implementing Genomics in Practice (IGNITE) consortium (RFA-HG-
12-006, RFA-HG-12-007 and RFA-HG-13-004) was created to enhance
the use of genomic medicine by supporting the development of methods
for incorporating genomic information into clinical care and exploration of
the methods for effective implementation, diffusion and sustainability in
diverse clinical settings.

These demonstration projects will incorporate genomic information into

the electronic medical record (EMR) and provide clinical decision support

(CDS) for implementation of appropriate interventions or clinical advice.
The sites will work together to develop new methods and projects and disseminate their findings to the public. Dissemination
of these methods and developing best practices for implementation is a key goal so that the information generated from the
program will contribute to the growing knowledge base of using genomic information in patient care.

genome.gov/27554264




‘Hot Areas’ in Genomic Medicine

Cancer Genomics

Pharmacogenomics

Genomic Medicine
‘Test Drive’ Programs

Prenatal & Newborn
Genomic Analysis



Noninvasive Prenatal Genome Sequencing

New York Times (2013)



Genome Sequencing in Newborns (NSIGHT)

genome.gov

Nature (2013)



‘Hot Areas’ in Genomic Medicine

Cancer Genomics

Pharmacogenomics

Genomic Medicine
‘Test Drive’ Programs

Prenatal & Newborn
Genomic Analysis

Clinical Genomics
Information Systems






Clinical Genomics
Information Systems



Clinical Genome Resource (ClinGen)

genome.gov



‘Hot Areas’ in Genomic Medicine

Cancer Genomics

Pharmacogenomics

Genomic Medicine
‘Test Drive’ Programs

Prenatal & Newborn
Genomic Analysis

Clinical Genomics
Information Systems

Ultra-Rare Genetic
Disease Diagnostics



Ultra-Rare Genetic Disease Diagnostics

Ann Neurol (2012)

NEJM (2013)

NEJM (2013)
Sci Transl Med (2013)



Undiagnosed Diseases Network (UDN)



The Relevance of Genomics

Biomedical Researchers Healthcare Professionals

Patients (and Friends & Relatives of Patients)



Genomics and Society



““HN“"mI”“‘ NATIONAL HUMAN GENOME
Jlll RESEARCH INSTITUTE

Advancing human health
through genomics research



