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February 2001
Draft Human Genome Sequence Published
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Genomic Medicine

Healthcare tailored to the individual
based on genomic information




The Path to Genomic Medicine

Human Realization of
Genome Genomic
Project Medicine

“Fulfilling the Promise”
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TGCCGCGGAACTTTTCGGCTCTCTAAGGCTGTATTTTGATA
TACGAAAGGCACATTTTCCTTCCCTTTTCAAAATGCACCTT
GCAAACGTAACAGGAACCCGACTAGGATCATCGGGAAAAGG
AGGAGGAGGAGGAAGGCAGGCTCCGGGGAAGCTGGTGGCAG
CGGGTCCTGGGTCTGGCGGACCCTGACGCGAAGGAGGGTCT
AGGAAGCTCTCCGGGGAGCCGGTTCTCCCGCCGGTGGCTTC
TTCTGTCCTCCAGCGTTGCCAACTGGACCTAAAGAGAGGCC
GCGACTGTCGCCCACCTGCGGGATGGGCCTGGTGCTGGGCG
GTAAGGACACGGACCTGGAAGGAGCGCGCGCGAGGGAGGGA
GGCTGGGAGTCAGAATCGGGAAAGGGAGGTGCGGGGCGGCG
AGGGAGCGAAGGAGGAGAGGAGGAAGGAGCGGGAGGGGTGC
TGGCGGGGGTGCGCTAGTGGGTGGAGAAAGCCGCTAGAGCAA
ATTTGGGGCCGGACCAGGCAGCACTCGGCTTTTAACCTGGG
CAGTGAAGGCGGGGGAAAGAGCAAAAGGAAGGGGTGGTGTG
CGGAGTAGGGGTGGGTGGGGGGAATTGGAAGCAAATGACAT
CACAGCAGGTCAGAGAAAAAGGGTTGAGCGGCAGGCACCCA
GAGTAGTAGGTCTTTGGCATTAGGAGCTTGAGCCCAGACGG
CCCTAGCAGGGACCCCAGCGCCCGAGAGACCATGCAGAGGT
CGCCTCTGGAAAAGGCCAGCGTTGTCTCCAAACTTTTTTTC
AGGTGAGAAGGTGGCCAACCGAGCTTCGGAAAGACACGTGC
CCACGAAAGAGGAGGGCGTGTGTATGGGTTGGGTTTGGGGT
AAAGGAATAAGCAGTTTTTAAAAAGATGCGCTATCATTCAT
TGTTTTGAAAGAAAATGTGGGTATTGTAGAATAAAACAGAA
AGCATTAAGAAGAGATGGAAGAATGAACTGAAGCTGATTGA
ATAGAGAGCCACATCTACTTGCAACTGAAAAGTTAGAATCT
CAAGACTCAAGTACGCTACTATGCACTTGTTTTATTTCATT
TTTCTAAGAAACTAAAAATACTTGTTAATAAGTACCTAAGT
ATGGTTTATTGGTTTTCCCCCTTCATGCCTTGGACACTTGA
TTGTCTTCTTGGCACATACAGGTGCCATGCCTGCATATAGT
AAGTGCTCAGAAAACATTTCTTGACTGAATTCAGCCAACAA
AAATTTTGGGGTAGGTAGAAAATATATGCTTAAAGTATTTA
TTGTTATGAGACTGGATATATCTAGTATTTGTCACAGGTAA
ATGATTCTTCAAAAATTGAAAGCAAATTTGTTGAAATATTT
ATTTTGAAAAAAGTTACTTCACAAGCTATAAATTTTAAAAG
CCATAGGAATAGATACCGAAGTTATATCCAACTGACATTTA

N

Y

CLIFFS NOTES on

The Human
Genome Sequence




The Path to Genomic Medicine

Human
Genomic
Variation

Human Realization of
Genome Genomic
Project Medicine







The Path to Genomic Medicine

A

Human
Genome
Project

Genomic Basis
for Human
Diseases

Realization of
Genomic
Medicine




Genomic Architecture of Genetic Diseases

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




Mendelian Diseases/Traits

Suspected Mendelian .
Disease/Trait (~1900) -

Molecular Basis
Known (~3500)

Source: Online Mendelian Inheritance in Man (www.ncbi.nlm.nih.gov/omim)
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Genomic Architecture of Genetic Diseases

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

Mostly Coding Mutations  Mostly Non-Coding Mutations
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Human Genome Sequence
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~$1,000,000,000

~$1,000 “The $1000 Genome”







Human Genome Sequence

e

~$1,000,000,000

Current Cost

~$1,000 “The $1000 Genome”
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Routine Analysis
of Genome
Sequences

Human Realization of
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The Computational Bottleneck




The Informational Bottleneck

TGCCGCGGAACTTTTCGGCTCTCTAAGGC TGTATTTTGATATACGAAAGGCACATTTTCCTTCCCTTTTCAAAATGCACCTTGCAAACGTAACAG

GAACCCGACTAGGAT(
CGCGAAGGAGGGTCT!
CCGCGACIGTCGCCC,

AGAATCGGGAAAGGG,

GAAAGCCGCTAGAGC
TGTGCGGAGTAGGGG
GTCTTTGGCATTAGG:/
TGTCTCCAAACTTTT
TGGGGTAAAGGAATA,
AGAAGAGATGGAAGA/
ATGCACTTGTTTTAT
ACACTTGATTTCTTI
TTGGGGTAGGTAGAA/
AAAGCAAATTTGTTG,
CTGACATTTAATAAA
AATCTTAGGCAAAGTI
ATGAATGAATAGGTA(
TATAAATAGCTCATA
TCCGGTGCTAAGGAG/
TGATGTTATCCACCT
AAATTATAGACTTTT
GTTCTAAATACTAAT(
AATATAGGTTAAAAA,
AAAATATTTCATAAG(
TTACAAACTTCCTTC
GTGGTAGGCTTTGGA(
TGTGACTTGACCTTT,
ATGGATTACCATATT
CTGGATATGCAATGA(
TTTCTATTGTATGTT(
TTACAAACTTCCTTC
GTGGTAGGCTTTGGA(

GTCTGGCGGACCCTGA
TGGACCTAAAGAGAGG
AGGGAGGCTGGGAGTC
GTGCGTAGTGGGTGGA
CAAAAGGAAGGGGTGG
GCACCCAGAGTAGTAG
TGGAAAAGGCCAGCGT
GTGTATGGGTTGGGTT
AAAACAGAAAGCATTA
ACTCAAGTACGCTACT
CCCCTTCATGCCTTGG
TCAGCCAACAAAAATT
GATTCTTCAAAAATTG
CCGAAGTTATATCCAA
TAGCATCTAAGTTCGG
TATTATACTGGTGTGA
AAAAAGTCAAATATGT
CAGTTAATCCTGGAAC
AATTATCTTTTTGTGT
AAATGTTAATTGGCAT
GAATATTICATGGATA
ATCACCTGACACATTT
CTCATTTCTGTTCTCC
CCTAAAATACCAATGA
TTGCTTAGTTTTCAAA
CCTTAACATCTCTGTG

CTATTATT
TTTTGTGACTCTCAAT
GGAAACACGTCACATG
AAAATTATTATGGTAT
TTGCTTAGTTTTCAAA
CCTTAACATCTCTGTG




Ten Years On — The Human Genome and Medicine

On a June day nearly 10 years ago, the leaders of
the United States and the United Kingdom, accom-
panied by the leaders of the public and private

teams deciphering the human genome, announced
that a draft sequence had been completed. That
occasion was rich with promises of new and more
powerful ways to understand, diagnose, prevent,

Human Genome Project has not yet directly af
fected the health care of most individuals.™

In this issue, the Journal begins another series
of articles on genomic medicine.? Is it appropri-
ate for the Journal to be taking stock so soon? It
is, and for the following reasons.

First, readers will want to know the state of

Physicians are still a long way from submitting
their patients’ full genomes for sequencing, not

because the price is high, but because the data

are difficult to interpret.

some strong genetic markers for assessing drug
responsiveness, risk of disease, or risk of disease
progression — have entered routine medical prac-
tice. And most of these can be traced to discover-
ies that preceded the unveiling of the human ge-
nome. As Francis Collins, formerly the leader of
the publicly funded sequencing efforts, recently
commented: “the consequences for clinical medi-
cine . . . have thus far been modest . . . the

N ENGL ) MED 362;21

NEJM

NEJM.ORG

influential haplotypes, and in general, other im-
plicated susceptibility haplotypes collectively ac-
count for only a small fraction of the apparent
heritable risk. Clearly, more than one decade of
genomics will be required to understand the
inborn risks of most common disorders, such
as diabetes and hypertension.

Second, readers will enjoy learning from these
articles how rapidly the engines of genomics and

MAY 27, 2010

(2010)




The Path to Genomic Medicine

New Diagnostics
New Therapeutics

New Preventions

Human Realization of
Genome Genomic
Project Medicine







~11 Months Ago

Charting a course for genomic medicine
from base pairs to bedside

THE INTERNATIONAL WEEKLY JOURNAL OF SC 2 i National Huma T esearch Institute®

There has been much progress in genomics inthe ten since adraft sequence of the human genome was published .
portunities for understanding he iscase are now unprecedented, as advances in genomi ¢ harnessed to

obtain robust foundational knowled ge about the struciure 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 re

describe the path towards an era of genomi
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Reflections on the first ten
years of the human genomics age
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NHGRI Published New Vision for Genomics
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Genomic Accomplishments Across Domains

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

o . ™

1990-2003

Human Genome Project

2004-2010

2011-2020

Beyond 2020




2011 NHGRI Strategic Plan for Genomics

PERSPECT
A -
doi: 10 1038/ nature00764
Al : - - . . . . .
Charting a course for genomic medicine
- -
from base pairs to bedside
i . y ional Human Gene ch Institute*
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 ¢ now unprecedented, as advances in genomics are harnessed to
obtain robust foundational knowledge about t ture and function of the human genome and about the genetic

contributions to human health and disease. He articulate a 2011 vision for the future of genomics research and
describe the path towards an era of genomic medicine.




BOX 2

[mperatives for genomic medicine

Opportunities for genomic medicine will
come from simultaneously acquiring
foundational knowledge of genome
function, insights into disease biology
and powerful genomic took. The
following imperatives will capitalize on
these opportunities in the coming
decade.
Making genomics-based diagnostics
routine. Genomic technology
development sofarhas been drivenbythe research market.In the next
decade, technology advances could enable a clinician to acquire a
complete genomic diagnostic panel (induding genomic, epigenomic,
transcriptomic and microbiomic analyses) as routinely as a blood
chemistry panel.

Defining the genetic components of disease. All diseases involve a2
genetic component. Genome sequencing could be used to determine
the genetic variation underlying the full spectrum of diseases, from
rare Mendelian to common complex disorders, through the study of
upwardsofa million patients; efforts should begin nowto organize the
necessary sample collections.

Comprehensive characterization of cancer genomes. A
comprehensive genomic view of all cancers®” will reveal molecular
taxonomies and altered pathways for each cancer subtype. Such
information should lead to more robust diagnostic and therapeutic
strategies and a roadmap for developing new treatments™7%,

Practical systems for clinical genomic informatics. Thousands of
genomic variants associated with disease risk and treatment response
are known, and many more will be discovered. New models for
capturing and displaying these variants and their phenotypic
consequences should be developed and incorporated into practical
systems that make information available to patients and their
healthcare providers, so that they can interpret and reinterpret the
data as knowledge evolves.

The role of the human microbiome in health and disease. Many
diseasesareinfluenced by the microbial communities that inhabit our
bodies (the microbiome)'®, Recent initiatives'®*°? (http//
www.human-microbiome.org) are using new sequencing
technologies to catalogue the resident microflora at distinct body sites,
and studying correlations between specific diseases and the
composition of the microbiome'®, More extensive studies are needed
to build on these first revelations and to investigate approaches for
manipulating the microbiome as a new therapeutic approach.

The Future
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Genomics Reaches the Clinic:
From Basic Discoveries to Clinical Impact

Teri A. Manolio! and Eric D. Green'-*

"National Human Genome Research Institute, National Institutes of Health, Bethesda, MD 20892, USA
*Correspondence: egreen@nhgri.nin.gov

DOI 10.1016/j.cell.2011.09.012

Today, more than ever, basic science research provides significant opportunities to advance our
understanding about the genetic basis of human disease. Close interactions among laboratory,
computational, and clinical research communities will be crucial to ensure that genomic discoveries
advance medical science and, ultimately, improve human health.
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The Future: Genome Sequencing

Suspected Mendelian
Disease/Trait (~1900)

Molecular Basis
Known (~3500)

Molecular Basis
Unknown (~1800)
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Mendelian Disorders Genome Centers

* Discover genetic basis of as many
Mendelian disorders as possible
(sample solicitation, sequencing,
and data analysis)

e Establish and disseminate study
designs and methods for the
elucidation of the genetic basis
of Mendelian phenotypes

e Create and maintain a public list of
human samples as a point of
coordination for broad-based
discovery efforts
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Mendelian Genome Centers aalillizasre
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Pinding the genes u.'l:fl:'l_\.'.'.“:lg; human Mendelian conditions

ONE GOAL

MANY PEOPLE
INFINITE POSSIBILITIES

Yale

Yala Center for Mendalian

University of Washington Centar
for Mendellan Genomics Disorders
fcoardinaling camnlar)

The Mendealian Genome Centers will apply
next-generation sequencing and computational
approaches to discover the genes and variants that
underlie Mendelian conditions

Our vision is to discover new genes that cause
Mendelian conditions. As a result, we will expand
our understanding about their biclogy to facilitate
their diagnosis, and potentially indicate new
treatments.

Fy
JOHNS HOPKINS BCM

M EDICIMNE

Baylor-Johns Hopkins Center
for Mendelian Genatlcs
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The Future: Genome Sequencing
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About Cancer Genomics

Explore information and resources to improve
your understanding of cancer genomics, the
importance of tumar samples in genomic
research and the role of cancer genomics in TOGA
personalized medicine -

Learn More » Questions About Cancer
cancer.gov
Call 1-8004-CANCER

Use LiveHelp Online Chat
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Clinical Genomic
Information Systems




The Path to Genomic Medicine

Understanding
the Structure of
Genomes

Understanding
the Biology of
Genomes

Understanding
the Biology of
Disease

Advancing
the Science of

Medicine

Realization of
Genomic
Medicine

Improving the
Effectiveness of
Healthcare




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

A pessimist sees the difficulty in every opportunity.

An optimist sees the opportunity in every difficulty.

--Winston Churchill
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