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The Origin of “Genomics”: 1987

Genomics (1987)

“For the newly developing discipline of 

[genome] mapping/sequencing (including the 

analysis of the information), we have adopted 

the term GENOMICS…
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Human Genome Project: 1990-2003

Human

Genome 

Project

Human Genome Sequenced for First Time 

by the Human Genome Project

~3 Decades of Genomics
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LivestockAgriculture

Infectious Agents

Myriad Applications of Genomics

Bioenergy

Ancestry

Forensics

Evolution Population HistoryMicrobiome

Health, Disease, & 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

Genomic Medicine
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The Journey to Genomic Medicine

? 
Human

Genome 
Project

Realization of 
Genomic 
Medicine

Base Pairs to Bedside

Helix to Health 

Nature

2003

Nature

2011
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Cost of Sequencing a Human Genome 

Reduced Nearly ~1 Million-Fold

Human Genome Sequenced for First Time 

by the Human Genome Project

~3 Decades of Genomics

Nature, April 2003

“…‘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.”
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Human Genome Sequence

~$1,000 “The $1000 Genome”

~$1,000,000,000
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Nature (2014)

Sequencing a Human Genome

Human Genome Project

(1st Sequence) Today

~6-8 years ~1-2 days

~$1B ~$1K
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Cost of Sequencing a Human Genome 

Reduced ~1 Million-Fold

Human Genome Sequenced for First Time 

by the Human Genome Project

Hundreds of Thousands of Human 

Genomes Sequenced

~3 Decades of Genomics

Human Genomic Variation
TGCCGCGGAACTTTTCGGCTCTCTAAGGCTGTATTTTGATATACGAAAGGCACATTTTCCTTCCCTTTTCAAAATGCACCTTGCAAACGTAACAG 

GAACCCGACTAGGATCATCGGGAAAAGGAGGAGGAGGAGGAAGGCAGGCTCCGGGGAAGCTGGTGGCAGCGGGTCCTGGGTCTGGCGGACCCTGA 

CGCGAAGGAGGGTCTAGGAAGCTCTCCGGGGAGCCGGTTCTCCCGCCGGTGGCTTCTTCTGTCCTCCAGCGTTGCCAACTGGACCTAAAGAGAGG 

CCGCGACTGTCGCCCACCTGCGGGATGGGCCTGGTGCTGGGCGGTAAGGACACGGACCTGGAAGGAGCGCGCGCGAGGGAGGGAGGCTGGGAGTC 

AGAATCGGGAAAGGGAGGTGCGGGGCGGCGAGGGAGCGAAGGAGGAGAGGAGGAAGGAGCGGGAGGGGTGCTGGCGGGGGTGCGTAGTGGGTGGA 

GAAAGCCGCTAGAGCAAATTTGGGGCCGGACCAGGCAGCACTCGGCTTTTAACCTGGGCAGTGAAGGCGGGGGAAAGAGCAAAAGGAAGGGGTGG 

TGTGCGGAGTAGGGGTGGGTGGGGGGAATTGGAAGCAAATGACATCACAGCAGGTCAGAGAAAAAGGGTTGAGCGGCAGGCACCCAGAGTAGTAG 

GTCTTTGGCATTAGGAGCTTGAGCCCAGACGGCCCTAGCAGGGACCCCAGCGCCCGAGAGACCATGCAGAGGTCGCCTCTGGAAAAGGCCAGCGT 

TGTCTCCAAACTTTTTTTCAGGTGAGAAGGTGGCCAACCGAGCTTCGGAAAGACACGTGCCCACGAAAGAGGAGGGCGTGTGTATGGGTTGGGTT 

TGGGGTAAAGGAATAAGCAGTTTTTAAAAAGATGCGCTATCATTCATTGTTTTGAAAGAAAATGTGGGTATTGTAGAATAAAACAGAAAGCATTA 

AGAAGAGATGGAAGAATGAACTGAAGCTGATTGAATAGAGAGCCACATCTACTTGCAACTGAAAAGTTAGAATCTCAAGACTCAAGTACGCTACT 

ATGCACTTGTTTTATTTCATTTTTCTAAGAAACTAAAAATACTTGTTAATAAGTACCTAAGTATGGTTTATTGGTTTTCCCCCTTCATGCCTTGG 

ACACTTGATTGTCTTCTTGGCACATACAGGTGCCATGCCTGCATATAGTAAGTGCTCAGAAAACATTTCTTGACTGAATTCAGCCAACAAAAATT 

TTGGGGTAGGTAGAAAATATATGCTTAAAGTATTTATTGTTATGAGACTGGATATATCTAGTATTTGTCACAGGTAAATGATTCTTCAAAAATTG 

AAAGCAAATTTGTTGAAATATTTATTTTGAAAAAAGTTACTTCACAAGCTATAAATTTTAAAAGCCATAGGAATAGATACCGAAGTTATATCCAA 

CTGACATTTAATAAATTGTATTCATAGCCTAATGTGATGAGCCACAGAAGCTTGCAAACTTTAATGAGATTTTTTAAAATAGCATCTAAGTTCGG 

AATCTTAGGCAAAGTGTTGTTAGATGTAGCACTTCATATTTGAAGTGTTCTTTGGATATTGCATCTACTTTGTTCCTGTTATTATACTGGTGTGA 

ATGAATGAATAGGTACTGCTCTCTCTTGGGACATTACTTGACACATAATTACCCAATGAATAAGCATACTGAGGTATCAAAAAAGTCAAATATGT 

TATAAATAGCTCATATATGTGTGTAGGGGGGAAGGAATTTAGCTTTCACATCTCTCTTATGTTTAGTTCTCTGCATGTGCAGTTAATCCTGGAAC 

TCCGGTGCTAAGGAGAGACTGTTGGCCCTTGAAGGAGAGCTCCTCCCTGTGGATGAGAGAGAAGGACTTTACTCTTTGGAATTATCTTTTTGTGT 

TGATGTTATCCACCTTTTGTTACTCCACCTATAAAATCGGCTTATCTATTGATCTGTTTTCCTAGTCCTTATAAAGTCAAAATGTTAATTGGCAT 

AAATTATAGACTTTTTTTAGCAGAGAACTTTGAGGAACCTAAATGCCAACCAGTCTAAAAATGCAGTTTTCAGAAGAATGAATATTTCATGGATA 

GTTCTAAATACTAATGAACTTTAAAATAGCTTACTATTGATCTGTCAAAGTGGGTTTTTATATAATTTTCTTTTTACAAATCACCTGACACATTT 

AATATAGGTTAAAAAATGCTATCAGGCTGGTTTGCAAAGAAAATGTATTACAAAGGCTGCTAAGTGTGTTAAGAGCATACTCATTTCTGTTCTCC 

AAAATATTTCATAAGGTGCTTTAAGAATAGGTATGTTTTTAAAAGTTAAGTTCCTACTATTTATAGGAACTGACAATCACCTAAAATACCAATGA 

TTACAAACTTCCTTCTGGCCTTCTGGACTGCAATTCTAAAAGTGTAAAAAACATATTTTCTGCATTAAGTTAGGCAGTATTGCTTAGTTTTCAAA 

GTGGTAGGCTTTGGAGTCAGATTATTTTGATTCAGATCCTACATCTACTGTTTAGTAGCTCTGTTGCCTGAGGCAGGTCCCTTAACATCTCTGTG 

TGTGACTTGACCTTTAAAATTTGGAGACTGTCATAGGGGTTAATCCCTTGAGAAAATGAATGTGAAAAGTTAGCCTAATGTTTDGCTCTATTATT 

ATGGATTACCATATTTTCACATTCATCACAGTACATGCACCTTGTTAATATAAGATGCTCAATTCATCTTTGAGTATAATTTTGTGACTCTCAAT 

CTGGATATGCAATGAGTGGGCCTGTATGAGAATTTAATTTATGAAAAATTGTGTTTCACATGGCCTTACCAGATATACAGGAAACACGTCACATG 

TTTCTATTGTATGTTGTTAAATGCCTTAGAATTTAACTTTCTGAATAGGATCCCTTCAGTTTGAGAGTCATAAAAGAGTAAAATTATTATGGTAT 

TTACAAACTTCCTTCTGGCCTTCTGGACTGCAATTCTAAAAGTGTAAAAAACATATTTTCTGCATTAAGTTAGGCAGTATTGCTTAGTTTTCAAA 

GTGGTAGGCTTTGGAGTCAGATTATTTTGATTCAGATCCTACATCTACTGTTTAGTAGCTCTGTTGCCTGAGGCAGGTCCCTTAACATCTCTGTG 

EUROPE

AMERICAS

AFRICA SOUTH ASIA

LWKMSL ESN YRI GIH BEBSTU ITU PJL

ASW

MXL

PUR

CLM

PEL

EAST ASIA

CHB

JPT

CHS

CDX

KHV

TSIIBS GBR FIN

Spain

Finland

Beijing, 

China
Tokyo, Japan

Yunnan, 

China

Vietnam

Hunan & Fujian, China

Los Angeles, 

USA

Puerto Rico

Medellín, Colombia

Lima, Peru

Pakistan

Bangladesh

Great 

Britain

Italy

ACB
Barbados

Colorado, USA 

Southwest, USA 

Houston, USA 

The Gambia

Sierra, Leone

Kenya
Nigeria

GWD

CEU

Utah, USA

2535 Humans, 26 Populations
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Cost of Sequencing a Human Genome 

Reduced ~1 Million-Fold

Human Genome Sequenced for First Time 

by the Human Genome Project

Profound Advances in Understanding 

How the Human Genome Functions

Hundreds of Thousands of Human 

Genomes Sequenced

~3 Decades of Genomics

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

GAACCCGACTAGGATCATCGGGAAAAGGAGGAGGAGGAGGAAGGCAGGCTCCGGGGAAGCTGGTGGCAGCGGGTCCTGGGTCTGGCGGACCCTGA 

CGCGAAGGAGGGTCTAGGAAGCTCTCCGGGGAGCCGGTTCTCCCGCCGGTGGCTTCTTCTGTCCTCCAGCGTTGCCAACTGGACCTAAAGAGAGG 

CCGCGACTGTCGCCCACCTGCGGGATGGGCCTGGTGCTGGGCGGTAAGGACACGGACCTGGAAGGAGCGCGCGCGAGGGAGGGAGGCTGGGAGTC 

AGAATCGGGAAAGGGAGGTGCGGGGCGGCGAGGGAGCGAAGGAGGAGAGGAGGAAGGAGCGGGAGGGGTGCTGGCGGGGGTGCGTAGTGGGTGGA 

GAAAGCCGCTAGAGCAAATTTGGGGCCGGACCAGGCAGCACTCGGCTTTTAACCTGGGCAGTGAAGGCGGGGGAAAGAGCAAAAGGAAGGGGTGG 

TGTGCGGAGTAGGGGTGGGTGGGGGGAATTGGAAGCAAATGACATCACAGCAGGTCAGAGAAAAAGGGTTGAGCGGCAGGCACCCAGAGTAGTAG 

GTCTTTGGCATTAGGAGCTTGAGCCCAGACGGCCCTAGCAGGGACCCCAGCGCCCGAGAGACCATGCAGAGGTCGCCTCTGGAAAAGGCCAGCGT 

TGTCTCCAAACTTTTTTTCAGGTGAGAAGGTGGCCAACCGAGCTTCGGAAAGACACGTGCCCACGAAAGAGGAGGGCGTGTGTATGGGTTGGGTT 

TGGGGTAAAGGAATAAGCAGTTTTTAAAAAGATGCGCTATCATTCATTGTTTTGAAAGAAAATGTGGGTATTGTAGAATAAAACAGAAAGCATTA 

AGAAGAGATGGAAGAATGAACTGAAGCTGATTGAATAGAGAGCCACATCTACTTGCAACTGAAAAGTTAGAATCTCAAGACTCAAGTACGCTACT 

ATGCACTTGTTTTATTTCATTTTTCTAAGAAACTAAAAATACTTGTTAATAAGTACCTAAGTATGGTTTATTGGTTTTCCCCCTTCATGCCTTGG 

ACACTTGATTGTCTTCTTGGCACATACAGGTGCCATGCCTGCATATAGTAAGTGCTCAGAAAACATTTCTTGACTGAATTCAGCCAACAAAAATT 

TTGGGGTAGGTAGAAAATATATGCTTAAAGTATTTATTGTTATGAGACTGGATATATCTAGTATTTGTCACAGGTAAATGATTCTTCAAAAATTG 

AAAGCAAATTTGTTGAAATATTTATTTTGAAAAAAGTTACTTCACAAGCTATAAATTTTAAAAGCCATAGGAATAGATACCGAAGTTATATCCAA 

CTGACATTTAATAAATTGTATTCATAGCCTAATGTGATGAGCCACAGAAGCTTGCAAACTTTAATGAGATTTTTTAAAATAGCATCTAAGTTCGG 

AATCTTAGGCAAAGTGTTGTTAGATGTAGCACTTCATATTTGAAGTGTTCTTTGGATATTGCATCTACTTTGTTCCTGTTATTATACTGGTGTGA 

ATGAATGAATAGGTACTGCTCTCTCTTGGGACATTACTTGACACATAATTACCCAATGAATAAGCATACTGAGGTATCAAAAAAGTCAAATATGT 

TATAAATAGCTCATATATGTGTGTAGGGGGGAAGGAATTTAGCTTTCACATCTCTCTTATGTTTAGTTCTCTGCATGTGCAGTTAATCCTGGAAC 

TCCGGTGCTAAGGAGAGACTGTTGGCCCTTGAAGGAGAGCTCCTCCCTGTGGATGAGAGAGAAGGACTTTACTCTTTGGAATTATCTTTTTGTGT 

TGATGTTATCCACCTTTTGTTACTCCACCTATAAAATCGGCTTATCTATTGATCTGTTTTCCTAGTCCTTATAAAGTCAAAATGTTAATTGGCAT 

AAATTATAGACTTTTTTTAGCAGAGAACTTTGAGGAACCTAAATGCCAACCAGTCTAAAAATGCAGTTTTCAGAAGAATGAATATTTCATGGATA 

GTTCTAAATACTAATGAACTTTAAAATAGCTTACTATTGATCTGTCAAAGTGGGTTTTTATATAATTTTCTTTTTACAAATCACCTGACACATTT 

AATATAGGTTAAAAAATGCTATCAGGCTGGTTTGCAAAGAAAATGTATTACAAAGGCTGCTAAGTGTGTTAAGAGCATACTCATTTCTGTTCTCC 

AAAATATTTCATAAGGTGCTTTAAGAATAGGTATGTTTTTAAAAGTTAAGTTCCTACTATTTATAGGAACTGACAATCACCTAAAATACCAATGA 

TTACAAACTTCCTTCTGGCCTTCTGGACTGCAATTCTAAAAGTGTAAAAAACATATTTTCTGCATTAAGTTAGGCAGTATTGCTTAGTTTTCAAA 

GTGGTAGGCTTTGGAGTCAGATTATTTTGATTCAGATCCTACATCTACTGTTTAGTAGCTCTGTTGCCTGAGGCAGGTCCCTTAACATCTCTGTG 

TGTGACTTGACCTTTAAAATTTGGAGACTGTCATAGGGGTTAATCCCTTGAGAAAATGAATGTGAAAAGTTAGCCTAATGTTAACTGCTATTATT 

ATGGATTACCATATTTTCACATTCATCACAGTACATGCACCTTGTTAATATAAGATGCTCAATTCATCTTTGAGTATAATTTTGTGACTCTCAAT 

CTGGATATGCAATGAGTGGGCCTGTATGAGAATTTAATTTATGAAAAATTGTGTTTCACATGGCCTTACCAGATATACAGGAAACACGTCACATG 

TTTCTATTGTATGTTGTTAAATGCCTTAGAATTTAACTTTCTGAATAGGATCCCTTCAGTTTGAGAGTCATAAAAGAGTAAAATTATTATGGTAT Nature (2016)

Nature (2012)

19

20



Nature (2011)

Some Genomic Variants

Traits 

(i.e., Phenotypes)
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Cost of Sequencing a Human Genome 

Reduced ~1 Million-Fold

Human Genome Sequenced for First Time 

by the Human Genome Project

Significant Advances in Unraveling the 

Genomic Bases of Human Disease

Profound Advances in Understanding 

How the Human Genome Functions

Hundreds of Thousands of Human 

Genomes Sequenced

~3 Decades of Genomics

Genomic Architecture of Genetic Diseases

Rare, Simple, Monogenic, 

Mendelian…

Manolio et al., J Clin Invest (2008)

Common, Complex, Multigenic, 

Non-Mendelian…
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Cost of Sequencing a Human Genome 

Reduced ~1 Million-Fold

Human Genome Sequenced for First Time 

by the Human Genome Project

~3 Decades of Genomics

Hundreds of Thousands of Human 

Genomes Sequenced

Profound Advances in Understanding 

How the Human Genome Functions

Significant Advances in Unraveling the 

Genomic Bases of Human Disease

Vivid Examples of Genomic Medicine 

Now Emerging

Bringing Genomic Medicine Into Focus
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Cancer Genomics

‘Hot Areas’ in Genomic Medicine

Pharmacogenomics

Rare Genetic Disease 

Diagnostics

Prenatal Genomic Testing

I. First ~3 Decades of Genomics

II. New Realities (& Opportunities)

III. Strategic Planning: Genomics2020
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New Reality (& Opportunity) #1

Generating a Human Genome 

Sequence is (Almost) Trivial
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But Clinically Understanding a Patient’s 

Genome Sequence is NOT Trivial

Generating a Human Genome 

Sequence is (Almost) Trivial

New Reality (& Opportunity) #2
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The Relevance of Genomics Has Changed

Biomedical Researchers Healthcare Professionals

Patients (and Friends & Relatives of Patients)

Genomics and Society

33

34



New Reality (& Opportunity) #3

Both Genomics and Other Factors 

Play a Role in Human Disease

Genome Analysis 

Technologies

Health and Environmental 

Monitoring Technologies
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Precision Medicine
More Precise Accounting for Individual Variability

Genomics

Lifestyle Environment

Physiology

EHRs

Genomics

Technologies
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All of Us Research Program

▪ >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

allofus.nih.gov
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Major Cohort Studies Worldwide 

Opportunities for Precision Medicine Research
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New Reality (& Opportunity) #4

ga4gh.org

2012

~1%

% of generated human genome sequences

funded by healthcare systems 

2018

~20%

2022

>80%

The World of Human Genome 

Sequencing is Changing
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By 2022: 

➢ >80% from healthcare 

(as opposed to research)

➢ ~40-50M human genome

sequences generated

Human Genome Sequences: Looking Ahead

bioRxiv (2017)

>

Research
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Genomics2020

En Route to a “2020 Vision for Genomics”

1991-1995

1993-1998

1998-2003

2003-2010

2011-Present
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2011-Present

En Route to Genomic Medicine

It is hard to claim (or believe) that a 

2011 strategic plan represents a 

suitable blueprint for genomics or 

NHGRI in 2020 (and beyond)
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2017 2018 2019 2020

Oct 

2020

30th Anniversary of 

HGP Launch

Launch

Early 

Planning

Feb 

2018

We Are 

Here!!!

‘Genomics2020’ Strategic Planning Timeline
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Seeking Your Ideas

Website: genome.gov/genomics2020

Email: genomics2020@mail.nih.gov

Hashtag: #genomics2020

Inter-Society Coordinating Committee for Practitioner 
Education in Genomics
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To subscribe, go to:

genome.gov/email
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