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First ~3 Decades of Genomics

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...




Human Genome Project: 1990-2003
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~3 Decades of Genomics

Human Genome Sequenced for First Time
by the Human Genome Project
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Myriad Applications of Genomics

Health, Disease, & Medicine

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




The Journey to Genomic Medicine
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~3 Decades of Genomics

Human Genome Sequenced for First Time

by the Human Genome Project
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Cost of Sequencing a Human Genome

Reduced Nearly ~1 Million-Fold
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| A vision fe
tgenomics

“_..'technological leaps’ that seem so far off
as to be almost fictional but which, if they
could be achieved, would revolutionize
biomedical research and clinical practice.

[For example,]...the ability to sequence DNA
at costs that are lower by four to five orders
of magnitude than the current cost, allowing
a human genome to be sequenced for $1,000
or less.”




Human Genome Sequence

nature

~$1,000,000,000

~$1,000 “The $1000 Genome”




The $1,000
gen()me
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~3 Decades of Genomics

Human Genome Sequenced for First Time

by the Human Genome Project
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Cost of Sequencing a Human Genome

Reduced ~1 Million-Fold
b R & ST
Hundreds of Thousands of Human
Genomes Sequenced
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Genomes Project

EUROPE

SOUTH ASIA

2535 Humans, 26 Populations




TGCCGCGGAACTTT1
GAACCCGACTAGGA1
CGCGAAGGAGGGTC1
CCGCGACTGTCGCCC
AGAATCGGGAAAGGC
GAAAGCCGCTAGAGC
TGTGCGGAGTAGGGC
GTCTTTGGCATTAGC
TGTCTCCAAACTTT1I
peleleleyy.v.v.{ele). V.U v ]
AGAAGAGATGGAAGZ
ATGCACTTGTTTTA1I
ACACTTGATTGTCT1
TTGGGGTAGGTAGA?
AAAGCAAATTTGTTC
CTGACATTTAATAA?
AATCTTAGGCAAAGT
ATGAATGAATAGGTZ?
TATAAATAGCTCATZ?
TCCGGTGCTAAGGAC
TGATGTTATCCACC]
AAATTATAGACTTT1I
GTTCTAAATACTAA1T
AATATAGGTTAAAAZ
AAAATATTTCATAAC
TTACAAACTTCCTTC
GTGGTAGGCTTTGG?
TGTGACTTGACCTT1
ATGGATTACCATAT1I
CTGGATATGCAATG?
TTTCTATTGTATGT1

~3 Decades of Genomics

Human Genome Sequenced for First Time

by the Human Genome Project
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Cost of Sequencing a Human Genome

Reduced ~1 Million-Fold
b R & ST

Hundreds of Thousands of Human

Genomes Sequenced
o

Profound Advances in Understanding
How the Human Genome Functions
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READING THE SECOND
GENOMIC CODE

Nature (2012)

CTTGCAAACGTAACAG
GTCTGGCGGACCCTGA
TGGACCTAAAGAGAGG
AGGGAGGCTGGGAGTC
GTGCGTAGTGGGTGGA
[o7.V:V:V-Yele).V-Xelelele) {ele]
GCACCCAGAGTAGTAG
TGGAAAAGGCCAGCGT
GTGTATGGGTTGGGTT
AAAACAGAAAGCATTA
ACTCAAGTACGCTACT
CCCCTTCATGCCTTGG
TCAGCCAACAAAAATT
GATTCTTCAAAAATTG
CCGAAGTTATATCCAA
TAGCATCTAAGTTCGG
TATTATACTGGTGTGA
AAAAAGTCAAATATGT
CAGTTAATCCTGGAAC
AATTATCTTTTTGTGT
AAATGTTAATTGGCAT
GAATATTTCATGGATA
ATCACCTGACACATTT
CTCATTTCTGTTCTCC
CCTAAAATACCAATGA
TTGCTTAGTTTTCAAA
CCTTAACATCTCTGTG
GTTAACTGCTATTATT
TTTTGTGACTCTCAAT
GGAAACACGTCACATG
AAAATTATTATGGTAT




GENOMES IN THREE
~ DIMENSIONS

Nature (2011)

Some Genomic Variants

Traits
(i.e., Phenotypes)




~3 Decades of Genomics

Human Genome Sequenced for First Time

by the Human Genome Project
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Cost of Sequencing a Human Genome

Reduced ~1 Million-Fold
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Hundreds of Thousands of Human

Genomes Sequenced
R
Profound Advances in Understanding

How the‘vHuman GenoLne Functions

Slgnlflcant Advances in Unravellng the

Genomic Bases of Human Disease
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Genomic Architecture of Genetic Diseases

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

Manolio et al., J Clin Invest (2008)




~3 Decades of Genomics

Human Genome Sequenced for First Time

by the Human Genome Project
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Cost of Sequencing a Human Genome
Reduced ~1 Million-Fold
b R & ST
Hundreds of Thousands of Human
Genomes Sequenced
R
Profound Advances in Understanding

How the Human Gein(ome Functions
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Significant Advances in Unraveling the

Genomic Bases of Human Disease
b g

Vivid Examples of Genomic Medicine
Now Emerging

Bringing Genomic Medicine Into Focus
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‘Hot Areas’ in Genomic Medicine
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Cancer Genomics '§ .

H .
Pharmacogenomics e

Rare Genetic Disease e,
Diagnostics %

Prenatal Genomic Testing () ‘

. New Realities (& Opportunities)
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New Reality (& Opportunity) #1

The Future

NEXT EXIT :
P sl

Generating a Human Genome
Sequence is (Almost) Trivial

CACGATOCTCCOTC CITGAACACCATTGGGTC
TGCTCCGTC CMGAACACCATTIGGETC
CGAACACCATIGGCACGATGCTCCOTC
CACCATIGGCACGATGCTCCOTC CTTGAACAC
CACGATGCTCCCTC CACCATIGOOTC
COATGETCCOTC CCATTGGGTC
CITGAACACC CACGATGCTCCOTC
CACGATGCTCCGTC (
1GCICCCTC I
TGCTCCOTC CIGAAC
CTIGAACACCATIGGCAC
CACGATGCTCCOTC
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Generating a Human Genome
Sequence is (Almost) Trivial

But Clinically Understanding a Patient’s
Genome Sequence is NOT Trivial

New Reality (& Opportunity) #2

The Future

NEXT EXIT N
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The Relevance of Genomics Has Changed
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Patients (and Friends & Relatives of Patients)




New Reality (& Opportunity) #3

The Future

NEXT EXIT N
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Both Genomics and Other Factors
Play a Role in Human Disease

Genome Analysis Health and Environmental
Technologies Monitoring Technologies




Precision Medicine
More Precise Accounting for Individual Variability

Genomics Physiology

Technologies




All of Us Research Program

i

= >1 million U.S. volunteers

» Participants to share genomic data,
lifestyle information, biological samples —
all linked to their EHRs

» Open, responsible data sharing with strong
privacy protections

‘ US, Departmont of Health & Mumen Servicus Mationad satitutes of Health

The future of
health begins
with you

The AN of Us Research Progream s & historic effort
1o gather data from oos milbon or mare paogls
Bving in the United States to sccelerate resparch
and imprave bealth, By taking inte account
ndividual ditferences in lifestyle, atnwiranmant, and
Diology, researchecs will uncaver patns taward
delivering procision medicinmn

WATCH VIDEO (+

allofus.nih.gov




Major Cohort Studies Worldwide
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New Reality (& Opportunity) #4

|
" The Future
| 'NEXT'EXIT" _Jﬁ
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The World of Human Genome |iEst
Sequencing is Changing —

2012 2018 2022
~1% ~20% >80%

% of generated human genome sequences
funded by healthcare systems




Human Genome Sequences: Looking Ahead

7% Global Alliance
B A Genomics & Health

Genomics in healthcare: GA4GH looks to 2022 By 2022

» >80% from healthcare
(as opposed to research)

» ~40-50M human genome

XXTE sequences generated
bioRxiv (2017)

Rese/\a rch
t's A Jourmney




If we knew what we were doing, it wouldn’t be called Research.

-A. Einsteiv

lll. Strategic Planning: Genomics2020




Genomics2020

En Route to a “2020 Vision for Genomics”

1991-1995
1993-1998
1998-2003
2003-2010
I 2011-Present




2011-Present
En Route to Genomic Medicine

It is hard to claim (or believe) that a
strategic plan represents a
suitable blueprint for genomics or
NHGRI in




‘Genomics2020’ Strategic Planning Timeline

30t Anniversary of
HGP Launch

The Forefront
of Genomics




Seeking Your Ideas

Website: genome.gov/genomics2020
Email: genomics2020@mail.nih.gov

Hashtag: #genomics2020

Inter-Society Coordinating Committee for Practitioner
Education in Genomics

EESl | NTERNATIONAL SOCIETY
# OF NURSES IN GENETICS
v




September 6, 2018

The Genomics Landscape

To subscribe, go to:
genome.gov/email

The Forefront
of Genomics’




