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October 1990
Human Genome Project Begins

~21 Years Ago

Human
Genome 
Project



June 2000
Draft Human Genome Sequence Announced

~11 Years Ago



February 2001
Draft Human Genome Sequence Published

~11 Years Ago



April 2003
Human Genome Project Ends

~9 Years Ago





Genomic Medicine
Healthcare tailored to the individual 

based on genomic information



The Path to Genomic Medicine

? 


“Fulfilling the Promise”

Human
Genome 
Project

Realization of 
Genomic 
Medicine
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TGCCGCGGAACTTTTCGGCTCTCTAAGGCTGTATTTTGATA
TACGAAAGGCACATTTTCCTTCCCTTTTCAAAATGCACCTT
GCAAACGTAACAGGAACCCGACTAGGATCATCGGGAAAAGG
AGGAGGAGGAGGAAGGCAGGCTCCGGGGAAGCTGGTGGCAG
CGGGTCCTGGGTCTGGCGGACCCTGACGCGAAGGAGGGTCT
AGGAAGCTCTCCGGGGAGCCGGTTCTCCCGCCGGTGGCTTC
TTCTGTCCTCCAGCGTTGCCAACTGGACCTAAAGAGAGGCC
GCGACTGTCGCCCACCTGCGGGATGGGCCTGGTGCTGGGCG
GTAAGGACACGGACCTGGAAGGAGCGCGCGCGAGGGAGGGA
GGCTGGGAGTCAGAATCGGGAAAGGGAGGTGCGGGGCGGCG
AGGGAGCGAAGGAGGAGAGGAGGAAGGAGCGGGAGGGGTGC
TGGCGGGGGTGCGTAGTGGGTGGAGAAAGCCGCTAGAGCAA
ATTTGGGGCCGGACCAGGCAGCACTCGGCTTTTAACCTGGG
CAGTGAAGGCGGGGGAAAGAGCAAAAGGAAGGGGTGGTGTG
CGGAGTAGGGGTGGGTGGGGGGAATTGGAAGCAAATGACAT
CACAGCAGGTCAGAGAAAAAGGGTTGAGCGGCAGGCACCCA
GAGTAGTAGGTCTTTGGCATTAGGAGCTTGAGCCCAGACGG
CCCTAGCAGGGACCCCAGCGCCCGAGAGACCATGCAGAGGT
CGCCTCTGGAAAAGGCCAGCGTTGTCTCCAAACTTTTTTTC
AGGTGAGAAGGTGGCCAACCGAGCTTCGGAAAGACACGTGC
CCACGAAAGAGGAGGGCGTGTGTATGGGTTGGGTTTGGGGT
AAAGGAATAAGCAGTTTTTAAAAAGATGCGCTATCATTCAT
TGTTTTGAAAGAAAATGTGGGTATTGTAGAATAAAACAGAA
AGCATTAAGAAGAGATGGAAGAATGAACTGAAGCTGATTGA
ATAGAGAGCCACATCTACTTGCAACTGAAAAGTTAGAATCT
CAAGACTCAAGTACGCTACTATGCACTTGTTTTATTTCATT
TTTCTAAGAAACTAAAAATACTTGTTAATAAGTACCTAAGT
ATGGTTTATTGGTTTTCCCCCTTCATGCCTTGGACACTTGA
TTGTCTTCTTGGCACATACAGGTGCCATGCCTGCATATAGT
AAGTGCTCAGAAAACATTTCTTGACTGAATTCAGCCAACAA
AAATTTTGGGGTAGGTAGAAAATATATGCTTAAAGTATTTA
TTGTTATGAGACTGGATATATCTAGTATTTGTCACAGGTAA
ATGATTCTTCAAAAATTGAAAGCAAATTTGTTGAAATATTT
ATTTTGAAAAAAGTTACTTCACAAGCTATAAATTTTAAAAG
CCATAGGAATAGATACCGAAGTTATATCCAACTGACATTTA

The Human 
Genome Sequence
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The Path to Genomic Medicine

Human
Genome 
Project

Realization of 
Genomic 
Medicine

Genomic Basis
for Human 
Diseases



Genomic Architecture of Genetic Diseases

Rare, Simple, Monogenic, 
Mendelian…

Common, Complex, Multigenic, 
Non-Mendelian…
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Source: Online Mendelian Inheritance in Man (www.ncbi.nlm.nih.gov/omim)

Human Genome 
Project Begins

Molecular Basis 
Known (~3500)

Molecular Basis 
Unknown (~1800)

Suspected Mendelian
Disease/Trait (~1900)



genome.gov/gwastudies



Genomic Architecture of Genetic Diseases

Rare, Simple, Monogenic, 
Mendelian…

Common, Complex, Multigenic, 
Non-Mendelian…

Mostly Coding Mutations Mostly Non-Coding Mutations
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Human Genome Sequence

~$1,000 “The $1000 Genome”

~$1,000,000,000





Human Genome Sequence

~$1,000 “The $1000 Genome”

Current Cost

~$1,000,000,000



The Path to Genomic Medicine

Human
Genome 
Project

Realization of 
Genomic 
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Routine Analysis
of Genome 
Sequences



The Computational Bottleneck



The Informational Bottleneck
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 
TGTGACTTGACCTTTAAAATTTGGAGACTGTCATAGGGGTTAATCCCTTGAGAAAATGAATGTGAAAAGTTAGCCTAATGTT-----CTATTATT 
ATGGATTACCATATTTTCACATTCATCACAGTACATGCACCTTGTTAATATAAGATGCTCAATTCATCTTTGAGTATAATTTTGTGACTCTCAAT 
CTGGATATGCAATGAGTGGGCCTGTATGAGAATTTAATTTATGAAAAATTGTGTTTCACATGGCCTTACCAGATATACAGGAAACACGTCACATG 
TTTCTATTGTATGTTGTTAAATGCCTTAGAATTTAACTTTCTGAATAGGATCCCTTCAGTTTGAGAGTCATAAAAGAGTAAAATTATTATGGTAT 
TTACAAACTTCCTTCTGGCCTTCTGGACTGCAATTCTAAAAGTGTAAAAAACATATTTTCTGCATTAAGTTAGGCAGTATTGCTTAGTTTTCAAA 
GTGGTAGGCTTTGGAGTCAGATTATTTTGATTCAGATCCTACATCTACTGTTTAGTAGCTCTGTTGCCTGAGGCAGGTCCCTTAACATCTCTGTG 



NEJM (2010)



The Path to Genomic Medicine

Human
Genome 
Project

Realization of 
Genomic 
Medicine

New Diagnostics

New Therapeutics

New Preventions

???





~11 Months Ago

February 2011
NHGRI Published New Vision for Genomics



Five Domains of Genomics Research

Base Pairs to Bedside

Helix to Health 



Understanding
the Structure of

Genomes

Understanding
the Biology of

Genomes

Understanding
the Biology of

Disease

Advancing
the Science of

Medicine

Improving the
Effectiveness
of Healthcare

1990-2003
Human Genome Project

2004-2010

2011-2020

Beyond 2020

Genomic Accomplishments Across Domains



NHGRI

>>>

2011 NHGRI Strategic Plan for Genomics







Cell (2011)



The Future: Genome Sequencing

Mendelian Diseases/Traits

Molecular Basis 
Unknown (~1800)

Molecular Basis 
Known (~3500)

Suspected Mendelian
Disease/Trait (~1900)



Mendelian Disorders Genome Centers
• Discover genetic basis of as many 

Mendelian disorders as possible 
(sample solicitation, sequencing, 
and data analysis)

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

• Create and maintain a public list of 
human samples as a point of 
coordination for broad-based 
discovery efforts





The Future: Genome Sequencing

Complex Diseases/Traits



The Future: Genome Sequencing

Cancer Genomics



Clinical Genomic 
Information Systems



The Path to Genomic Medicine

Human
Genome 
Project

Realization of 
Genomic 
Medicine



A pessimist sees the difficulty in every opportunity.
An optimist sees the opportunity in every difficulty. 

--Winston Churchill 

A pessimist sees the difficulty in every opportunity.
An optimist sees the opportunity in every difficulty. 

--Winston Churchill 




