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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...

Human Genome Project: 1990-2003

v ‘ Genome
él‘ Project

A

Twenty-five years
of big biology

The Human Genome Project, which launched a quarter
of a century ago this week, still holds lessons for the
consortium-based science it ushered in, say
Eric D. Green, James D. Watson and Francis S. Collins.

Nature (2015)
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A Quarter Century of Genomics

Human Genome Sequenced for First Time

by the Human Genome Project
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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 Path to Genomic Medicine

Human Realization of
Genome Genomic
Project Medicine
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PERSPECTIVI
A vision for the future of
genomics research

Charting a course fo

nomic medicine
from base pairs to be

.

Nature Nature

February, 2011

PERSPECTIVE

Charting a course for genomic medicine
from base pairs to bedside

11,13 -
FUTURE 2%
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Reflections on the firstfen
years of the human genomics age

New NHGRI Vision for Genomics
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Five Domains of Genomics Research
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A vision for the future of
genomics research

“...‘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

hature

~$1,000,000,000

~$1,000 “The $1000 Genome”
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The $1,000
genome

n Silicon Valley, — With a unique programme, the
Moore’s law seems to ““"‘d \ US government has managed
on equal footing with the natural X .

laws codified by Isaac Newton. Intel co-founder | todrive the cost of genome

Gordon Mooreé’s iconic observation that computing i\ sequencing down towards a

power tends to double — and that its price there-
fore halves — every 2 years has held true for nearly
50 years with only minor revision. But as an exemplar

much-anticipated target.
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Sequencing a Human Genome

Human Genome Project
(1t Sequence) Today

~$1B
~6-8 years

11
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Technological Advances Drive Science

- Astronomy

Cell Biology

Radiology

Genomics

A Quarter Century of Genomics

Human Genome Sequenced for First Time
by the Human Genome Project
LaA 6,

Cost of Sequencing a Human Genome

Reduced Nearly ~1 Million-Fold
LY T
Tens of Thousands of Human
Genomes Sequenced
. '.i' ’
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International

HapMap oy
Project

A haplotype map of the human genome
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Chapter and verse on
human genetic variation

1y
h

Integrating common and rare genetic
variation in diverse human populations
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1000 Genomes
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A Deep Catalog of Human Genetic Variation £
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AFRICA SOUTH ASIA

Nature (2010) 2535 Humans, 26 Populations

Your Genome: By the Numbers

> ~6B nucleotides

» ~3-5M single-nucleotide variants
~150K not in databases
~60 not in either parent
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A Quarter Century of Genomics

Human Genome Sequenced for First Time

by the Human Genome Project
# ‘klsl‘ w .?}m\
Cost of Sequencing a Human Genome

Reduced Nearly ~1 Million-Fold
IR & & ST |
Tens of Thousands of Human
Genomes Sequenced

v+ i W
Profound Advances in Understanding
How the Human Genome Functions
2L

~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
GTGGTAGGCTTTGGAGTCAGATTATTTTGATTCAGATCCTACATCTACTGTTTAGTAGC GTTGCCTGAGGCAGGTCCCTTAACATCTCTGTG
TGTGACTTGACCTTTAAAATTTGGAGACTGTCATAGGGGTTAATCCCTTGAGAAAATGAATGTGAAAAGTTAGCCTAATGTTAACTGCTATTATT
ATGGATTACCATATTTTCACATTCATCACAGTACATGCACCTTGTTAATATAAGATGCTCAATTCATCTTTGAGTATAATTTTGTGACTCTCAAT
CTGGATATGCAATGAGTGGGCCTGTATGAGAATTTAATTTATGAAAAATTGTGTTTCACATGGCCTTACCAGATATACAGGAAACACGTCACATG
TTTCTATTGTATGTTGTTAAATGCCTTAGAATTTAACTTTCTGAATAGGATCCCTTCAGTTTGAGAGTCATAAAAGAGTAAAATTATTATGGTAT
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Coding Sequences (i.e., Genes)
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The Genetic Code

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

TGCCGCGGAACTTTTCGGCTCTCTAAGGCTGTATTTTGATATACGAAAGGCACATTTTCCTTCCCTTTTCAAAATGCACCTTGCAAACGTAACAG
GAACCCGACTAGGATCATCGGGAAAAGGAGGAGGAGGAGGAAGGCAGGCTCCGGGGAAGCTGGTGGCAGCGGGTCCTGGGTCTGGCGGACCCTGA
CGCGAAGGAGGGTCTAGGAAGCTCTCCGGGGAGCCGGTTCTCCCGCCGGTGGCTTCTTCTGTCCTCCAGCGTTGCCAACTGGACCTAAAGAGAGG
CCGCGACTGTCGCCCACCTGCGGGATGGGCCTGGTGCTGGGCGGTAAGGACACGGACCTGGAAGGAGCGCGCGCGAGGGAGGGAGGCTGGGAGTC
AGAATCGGGAAAGGGAGGTGCGGGGCGGCGAGGGAGCGAAGGAGGAGAGGAGGAAGGAGCGGGAGGGGTGCTGGCGGGGGTGCGTAGTGGGTGGA
GAAAGCCGCTAGAGCAAATTTGGGGCCGGACCAGGCAGCACTCGGCTTTTAACCTGGGCAGTGAAGGCGGGGGAAAGAGCAAAAGGAAGGGGTGG
TGTGCGGAGTAGGGGTGGGTGGGGG GA

TGTCTCCAAACTTTTTTTCAGGTGAGAAGGTGGCCAACCGAGCTTCGGAAAGACACGTGCCCACGAAAGAGGAGGGCGTGTGTATGGGTTGGGTT
TGGGGTAAAGGAATAAGCAGTTTTTAAAAAGATGCGCTATCATTCATTGTTTTGAAAGAAAATGTGGGTATTGTAGAATAAAACAGAAAGCATTA
AGAAGAGATGGAAGAATGAACTGAAGCTGATTGAATAGAGAGCCACATCTACTTGCAACTGAAAAGTTAGAATCTCAAGACTCAAGTACGCTACT
ATGCACTTGTTTTATTTCATTTTTCTAAGAAACTAAAAATACTTGTTAATAAGTACCTAAGTATGGTTTATTGGTTTTCCCCCTTCATGCCTTGG
ACACTTGATTGTCTTCTTGGCACATACAGGTGCCATGCCTGCATATAGTAAGTGCTCAGAAAACATTTCTTGACTGAATTCAGCCAACAAAAATT
TTGGGGTAGGTAGAAAATATATGCTTAAAGTATTTATTGTTATGAGACTGGATATATCTAGTATTTGTCACAGGTAAATGATTCTTCAAAAATTG
AAAGCAAATTTGTTGAAATATTTATTTTGAAAAAAGTTACTTCACAAGCTATAAATTTTAAAAGCCATAGGAATAGATACCGAAGTTATATCCAA
CTGACATTTAATAAATTGTATTCATAGCCTAATGTGATGAGCCACAGAAGCTTGCAAACTTTAATGAGATTTTTTAAAATAGCATCTAAGTTCGG
AATCTTAGGCAAAGTGTTGTTAGATGTAGCACTTCATATTTGAAGTGTTCTTTGGATATTGCATCTACTTTGTTCCTGTTATTATACTGGTGTGA
ATGAATGAATAGGTACTGCTCTCTCTTGGGACATTACTTGACACATAATTACCCAATGAATAAGCATACTGAGGTATCAAAAAAGTCAAATATGT
TATAAATAGCTCATATATGTGTGTAGGGGGGAAGGAATTTAGCTTTCACATCTCTCTTATGTTTAGTTCTCTGCATGTGCAGTTAATCCTGGAAC
TCCGGTGCTAAGGAGAGACTGTTGGCCCTTGAAGGAGAGCTCCTCCCTGTGGATGAGAGAGAAGGACTTTACTCTTTGGAATTATCTTTTTGTGT
TGATGTTATCCACCTTTTGTTACTCCACCTATAAAATCGGCTTATCTATTGATCTGTTTTCCTAGTCCTTATAAAGTCAAAATGTTAATTGGCAT
AAATTATAGACTTTTTTTAGCAGAGAACTTTGAGGAACCTAAATGCCAACCAGTCTAAAAATGCAGTTTTCAGAAGAATGAATATTTCATGGATA
GTTCTAAATACTAATGAACTTTAAAATAGCTTACTATTGATCTGTCAAAGTGGGTTTTTATATAATTTTCTTTTTACAAATCACCTGACACATTT
AATATAGGTTAAAAAATGCTATCAGGCTGGTTTGCAAAGAAAATGTATTACAAAGGCTGCTAAGTGTGTTAAGAGCATACTCATTTCTGTTCTCC
AAAATATTTCATAAGGTGCTTTAAGAATAGGTATGTTTTTAAAAGTTAAGTTCCTACTATTTATAGGAACTGACAATCACCTAAAATACCAATGA
TTACAAACTTCCTTCTGGCCTTCTGGACTGCAATTCTAAAAGTGTAAAAAACATATTTTCTGCATTAAGTTAGGCAGTATTGCTTAGTTTTCAAA
GTGGTAGGCTTTGGAGTCAGATTATTTTGATTCAGATCCTACATCTACTGTTTAGTAGCTCTGTTGCCTGAGGCAGGTCCCTTAACATCTCTGTG
TGTGACTTGACCTTT, AGCCTAATGTTAACTGCTATTATT
ATGGATTACCATATTTTCACATTCATCACAGTACATGCACCTTGTTAATATAAGATGCTCAATTCATCTTTGAGTATAATTTTGTGACTCTCAAT
CTGGATATGCAATGAGTGGGCCTGTATGAGAATTTAATTTATGAAAAATTGTGTTTCACATGGCCTTACCAGATATACAGGAAACACGTCACATG
TTTCTATTGTATGTTGTTAAATGCCTTAGAATTTAACTTTCTGAATAGGATCCCTTCAGTTTGAGAGTCATAAAAGAGTAAAATTATTATGGTAT
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Foundational Milestones in Genetics & Genomics

Darwin Mendel Miescher Avery Watson
& Crick

1859 1865 1871 1944 1953

"It is not the strongest of the species that
survives, nor the most intelligent that
survives. It is the one that is the most

adaptable to change."
(Attributed to Darwin)

Charles Darwin (1809-1882)

“For the last three and a half billion years,
evolution has been taking notes.”
= Eric Lander

17
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Comparative Genome Sequencing

Meredith et al.
Science (2011)

@0 15 1 128

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

TGCCGCGGAACTTTTCGGCTCTCTAAGGCTGTATTTTGATATACGAAAGGCACATTTTCCTTCCCTTTTCAAAATGCACCTTGCAAACGTAACAG
GAACCCGACTAGGATCATCGGGAAAAGGAGGAGGAGGAGGAAGGCAGGCTCCGGGGAAGCTGGTGGCAGCGGGTCCTGGGTCTGGCGGACCCTGA
CGCGAAGGAGGGTCTAGGAAGCTCTCCGGGGAGCCGGTTCTCCCGCCGGTGGCTTCTTCTGTCCTCCAGCGTTGCCAACTGGACCTAAAGAGAGG
CCGCGACTGTCGCCCACCTGCGGGATGGGCCTGGTGCTGGGCGGTAAGGACACGGACCTGGAAGGAGCGCGCGCGAGGGAGGGAGGCTGGGAGTC
AGAATCGGGAAAGGGAGGTGCGGGGCGGCGAGGGAGCGAAGGAGGAGAGGAGGAAGGAGCGGGAGGGGTGCTGGCGGGGGTGCGTAGTGGGTGGA
GAAAGCCGCTAGAGCAAATTTGGGGCCGGACCAGGCAGCACTCGGCTTTTAACCTGGGCAGTGAAGGCGGGGGAAAGAGCAAAAGGAAGGGGTGG
TGTGCGGAGTAGGGGTGGGTGGGGG

TG CAAACTTTTTTTCAGGTGAGAAGGTGGCCAACCGAGCTTCGGAAAGACACGTGCCCACGAAAGAGGAGGGCGTGTGTATGGGTTGGGTT
TGGGGTAAAGGAATAAGCAGTTTTTAAAAAGATGCGCTATCATTCATTGTTTTGAAAGAAAATGTGGGTATTGTAGAATAAAACAGAAAGCATTA
AGAAGAGATGGAAGAATGAACTGAAGCTGATTGAATAGAGAGCCACATCTACTTGCAACTGAAAAGTTAGAATCTCAAGACTCAAGTACGCTACT
ATGCACTTGTTTTATTTCATTTTTCTAAGAAACTAAAAATACTTGTTAATAAGTACCTAAGTATGGTTTATTGGTTTTCCCCCTTCATGCCTTGG
ACACTTGATTGTCTTCTTGGCACATACAGGTGCCATGCCTGCATATAGTAAGTGCTCAGAAAACATTTCTTGACTGAATTCAGCCAACAAAAATT
TTGGGGTAGGTAGAAAATATATGCTTAAAGTATTTATTGTTATGAGACTGGATATATCTAGTATTTGTCACAGGTAAATGATTCTTCAAAAATTG
AAAGCAAATTTGTTGAAATATTTATTTTGAAAAAAGTTACTTCACAAGCTATAAATTTTAAAAGCCATAGGAATAGATACCGAAGTTATATCCAA
CTGACATTTAATAAATTGTATTCATAGCCTAATGTGATGAGCCACAGAAGCTTGCAAACTTTAATGAGATTTTTTAAAATAGCATCTAAGTTCGG
AATCTTAGGCAAAGTGTTGTTAGATGTAGCACTTCATATTTGAAGTGTTCTTTGGATATTGCATCTACTTTGTTCCTGTTATTATACTGGTGTGA
ATGAATGAATAGGTACTGCTCTCTCTTGGGACATTACTTGACACATAATTACCCAATGAATAAGCATACTGAGGTATCAAAAAAGTCAAATATGT
TATAAATAGCTCATATATGTGTGTAGGGGGGAAGGAATTTAGCTTTCACATCTCTCTTATGTTTAGTTCTCTGCATGTGCAGTTAATCCTGGAAC
TCCGGTGCTAAGGAGAGACTGTTGGCCCTTGAAGGAGAGCTCCTCCCTGTGGATGAGAGAGAAGGACTTTACTCTTTGGAATTATCTTTTTGTGT
TGATGTTATCCACCTTTTGTTACTCCACCTATAAAATCGGCTTATCTATTGATCTGTTTTCCTAGTCCTTATAAAGTCAAAATGTTAATTGGCAT
AAATTATAGACTTTTTTTAGCAGAGAACTTTGAGGAACCTAAATGCCAACCAGTCTAAAAATGCAGTTTTCAGAAGAATGAATATTTCATGGATA
GTTCTAAATACTAATGAACTTTAAAATAGCTTACTATTGATCTGTCAAAGTGGGTTTTTATATAATTTTCTTTTTACAAATCACCTGACACATTT
AATATAGGTTAAAAAATGCTATCAGGCTGGTTTGCAAAGAAAATGTATTACAAAGGCTGCTAAGTGTGTTAAGAGCATACTCATTTCTGTTCTCC
AAAATATTTCATAAGGTGCTTTAAGAATAGGTATGTTTTTAAAAGTTAAGTTCCTACTATTTATAGGAACTGACAATCACCTAAAATACCAATGA
TTACAAACTTCCTTCTGGCCTTCTGGACTGCAATTCTAAAAGTGTAAAAAACATATTTTCTGCATTAAGTTAGGCAGTATTGCTTAGTTTTCAAA
GTGGTAGGCTTTGGAGTCAGATTATTTTGATTCAGATCCTACATCTACTGTTTAGTAGCTCTGTTGCCTGAGGCAGGTCCCTTAACATCTCTGTG
TGTGACTTGACCTTT, ¥ AMAGTIAGCCTAATGTTAACTGCTATTATT
ATGGATTACCATATTTTCACATTCATCACAGTACATGCACCTTGTTAATATAAGATGCTCAATTCATCTTTGAGTATAATTTTGTGACTCTCAAT
CTGGATATGCAATGAGTGGGCCTGTATGAGAATTTAATTTATGAAAAATTGTGTTTCACATGGCCTTACCAGATATACAGGAAACACGTCACATG
TTTCTATTGTATGTTGTTAAATGCCTTAGAATTTAACTTTCTGAATAGGATCCCTTCAGTTTGAGAGTCATAAAAGAGTAAAATTATTATGGTAT
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Non-Coding Functional Sequences

Gene
Regulation

Chromosome Chromosome Chromosome Non-Coding
Packaging Segregation Replication RNAs

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

TGCCGCGGAACTTTTCGGCTCTCTAAGGCTGTATTTTGATATACGAAAGGCACATTTTCCTTCCCTTTTCAAAATGCACCTTGCAAACGTAACAG
GAACCCGACTAGGATCATCGGGAAAAGGAGGAGGAGGAGGAAGGCAGGCTCCGGGGAAGCTGGTGGCAGCGGGTCCTGGGTCTGGCGGACCCTGA
CGCGAAGGAGGGTCTAGGAAGCTCTCCGGGGAGCCGGTTCTCCCGCCGGTGGCTTCTTCTGTCCTCCAGCGTTGCCAACTGGACCTAAAGAGAGG
CCGCGACTGTCGCCCACCTGCGGGATGGGCCTGGTGCTGGGCGGTAAGGACACGGACCTGGAAGGAGCGCGCGCGAGGGAGGGAGGCTGGGAGTC
AGAATCGGGAAAGGGAGGTGCGGGGCGGCGAGGGAGCGAAGGAGGAGAGGAGGAAGGAGCGGGAGGGGTGCTGGCGGGGGTGCGTAGTGGGTGGA
GAAAGCCGCTAGAGCAAATTTGGGGCCGGACCAGGCAGCACTCGGCTTTTAACCTGGECAGTGAAGGCEGEEGAAAGAGCAAAAGGAAGGGGTGG
TGTGCGGAGTAGGGGTGGGTGGGGG
F ( CGT
TGTCTCCAAACTTTTTTTCAGGTGAGAAGGTGGCCAACCGAGCTTCGGAAAGACACGTGCCCACGAAAGAGGAGGGCGTGTGTATGGGTTGGGTT
TGGGGTAAAGGAATAAGCAGTTTTTAAAAAGATGCGCTATCATTCATTGTTTTGAAAGAAAATGTGGGTATTGTAGAATAAAACAGAAAGCATTA
AGAAGABE: AGTGAAAAGTTAGAATCTCAAGACTCAAGTACGCTACT
ATGCACTTGTTTTATTTCATTTTTCTAAGAAACTAAAAATACTTGTTAATAAGTACCTAAGTATGGTTTATTGGTTTTCCCCCTTCATGCCTTGG
ACACTTGATTGTCTTCTTGGCACATACAGGTGCCATGCCTGCATATAGTAAGTGCTCAGAAAACATTTCTTGACTGAATTCAGCCAACAAAAATT
TTGGGGTAGGTAGAAAATATATGCTTAAAGTATTTATTGTTATGAGA ETAAATGATTCTTCAAAAATTG
AAAGCAAATTTGTTGAAATATTTATTTTGAAAAAAGTTACTTCACAAGCTATAAAT TTTAAAAGCCATAGGAATAGATACCGAAGTTATATCCAA
CTGACATTTAATAAATTGTATTCATAGCCTAATGTGATGAGCCACAGAAGCTTGCAAACTTTAATGAGATTTTTTAAAATAGCATCTAAGTTCGG
AATCTTAGGCAAAGTGTTGTTAGATGTAGCACTTCATATTTGAAGTGTTCTTTGGATATTGCATCTACTTTGTTCCTGTTATTATACTGGTGTGA
ATGAATGAATAGGTACTGCTCTCTCTTGGGACATTACTTGACACATAATTACCCAATGAATAAGCATACTGAGGTATCAAAAAAGTCAAATATGT
TATAAATAGCTCATATATGTGTGTAGGGGGGAAGGAATTTAGCTTTCACATCTCTCTTATGTTTAGTTCTCTGCATGTGCAGTTAATCCTGGAAC
TCCGGTGCTAAGGAGAGACTGTTGGCCCTTGAAGGAGAGCTCCTCCCTGTGGATGAGAGAGAAGGACT TTACTCTTTGGAATTATCTTTTTGTGT
TGATGTTATCCACCTTTTGTTACTCCACCTATAAAATCGGCTTATCTATTGATCTGTTTTCCTAGTCCTTATAAAGTCAAAATGTTAATTGGCAT
AGAGAACTTTGAGGAACCTAAATGCCAACCAGTCTAAAAATGCAGT TTTCAGAAGAATGAATATTTCATGGATA
E ] TATTGATCTGTCAAAGTGGGTTTTTATATAATTTTCTTTTTACAAATCACCTGACACATTT
TAGGTTAAAAA, AAAGAAAATGTATTACAAAGGCTGCTAAGTGTGTTAAGAGCATACTCATTTCTGTTCTCC
AAAATATTTCATAAGGTGCTTTAAGAATAGGTATGTTTTTAAAAGT TAAGT TCCTACTATTTATAGGAACTGACAATCACCTAAAATACCAATGA
TTACAAACTTCCTTCTGGCCTTCTGGACTGCAATTCTAAAAGTGTAAAAAACATATTTTCTGCATTAAGTTAGGCAGTATTGCTTAGTTTTCAAA
GTGGTAGGCTTTGGAGTCAGATTATTTTGATTCAGATCCTACATCTACTGTTTAGTAGCTCTGTTGCCTGAGGCAGGTCCCTTAACATCTCTGTG
TGTGACTTGACCTTT AGCCTAATGTTAACTGCTATTATT
ATGGATTACCATATTTTCACATTCATCACAGTACATGCACCTTGTTAATATAAGATGCTCAATTCATCTTTGAGTATAATTTTGTGACTCTCAAT
CTGGATATGCAATGAGTGGGCCTGTATGAGAATTTAATTTATGAAAAATTGTGTTTCACATGGCCTTACCAGATATACAGGAAACACGTCACATG
TTTCTATTGTATGTTGTTAAATGCCTTAGAATTTAACTTTCTGAATAGGATCCCTTCAGTTTGAGAGTCATAAAAGAGTAAAATTATTATGGTAT
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The Epigenomics Landscape

READING THE SECOND
GENOMIC CODE

Nature (2012)

Ona mstyiation @ ) epigeneec factor

Histone tals 23 pairs o
chromosomes packed
Into the nuckeus

GENOMES IN THREE
DIMENSIONS

A DNA sequence isn’t enough; to understand the workings of
the genome, we must study chromosome structure.

Nature (2011)

Tertiary
_structure

Nucleus with
distinct territories

¥ 10nm chromatin
Primary Structure
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Elucidating Genome Function

‘Team Science’

ENCODE: Giving ‘GPS’ Views of Genomes

711

WL

21



NHGRI Current Topics in Genome Analysis
Week 2: The Genomics Landscape Circa 2016

February 24, 2016

Eric Green, M.D., Ph.D.

Elucidating Genome Function

Computational Modeling

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
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A Quarter Century of Genomics

Human Genome Sequenced for First Time

by the Human Genome Project
“ll‘s 13-'
Cost of Sequencmg a Human Genome

Reduced Nearly ~1 Million-Fold
) (A EAL RN
Tens of Thousands of Human
Genomes Sequenced
I+ i U
Profound Advances in Understanding

How the Human Genome Functions
o o
!'

SlgnlflcantAdvances in Unravellng the
Genomlc Bases of Human Disease

fw"

mb ,,;';-

L)

NHGRI Genome Sequencing Program

At the cutting edge of genome analysis

Human Human Rare and

Genome Genomic ‘ Common
Project Variation Diseases
Comparative Cancer
) Genomics

Genomics

23



NHGRI Current Topics in Genome Analysis February 24, 2016
Week 2: The Genomics Landscape Circa 2016 Eric Green, M.D., Ph.D.

Genomic Architecture of Genetic Diseases

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

Manolio et al., J Clin Invest (2008)

The Largest Current Bottleneck in Genomics...
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TGCCGCGO
GAACCCGA
CGCGAAGG
CCGCGAC T i
AGAATCGC [
GAAAGCCE
TGTGCGGA g
GTCTTTGE
TGTCTCCA
TGGGGTAA
AGAAGAGA
ATGCACTTS
ACACTTGA
TTGGGGTA
AAAGCAAA
CTGACATT
AATCTTAG

ATGAATGA A / [
TATAAATA TRTA|
TCCGGTGCTAAGGAGAG! /‘
TGATGTTATCCACCTTT,

AAATTATACACTTTTTT,

GTTCTAAATACTAATGAACT T ARAR | AG
AATATAGGTTAAAAAATGCTATCAGGCTG! e
AAAATATTTCATAAGGTGCTTTAAGAATAG T@@dﬁ%@ﬁTAAAAGTTAAGTT
TTACAAACTTCCTTCTGGCCTTCTGGACTG! EATT%TAAAAGTGTAAAAAA(
GTGGTAGGCTTTGGAGTCAGATTATTTTGATTCAGATCCTACATCTACTGT
TGTGACTTGACCTTTAAAATTTGGAGACTGTCATAGGGGTTAATCCCTTGAC
ATGGATTACCATATTTTCACATTCATCACAGTACATGCACCTTGTTAATAT/
CTGGATAIGCAATGAGTGGGCCTGTATGAGAATTTAATTTATGAAAAATTGT
TTTCTATTGTATGTTGTTAAATGCCTTAGAATTTAACTTTCTGAATAGGAT( o
TTACAAACTTCCTTCTGGCCTTCTGGACTGCAATTCTAAAAGTGTAAAAAAC

February 24, 2016
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The Data Analysis Bottleneck
—~ R - e T TCCTTCCCTTTTCAAAATGCACCTTGCAAACGTAACAG
AAGCTGGTGGCAGCGGGTCCTGGGTCTGGCGGACCCTGA

ITCCTCCAGCGTTGCCAACTGGACCTAAAGAGAGG
AAGGAGCGCGCGCGAGGGAGGGAGGCTGGGAGTC
== STAGTGGGTGGA
\GGAAGGGGTGG

AGTAGTAG

GCCAGCGT

GTTGGGTT

AAGCATTA

ACGCTACT

TGCCTTGG

CAAAAATT

AAAAATTG

ATATCCAA

AAGTTCGG

TGGTGTGA

AAATATGT

CCTGGAAC

TTTTGTGT

ATTGGCAT

CATGGATA

ACACATTT

R TGTTCTCC

ACCAATGA

TTTTCAAA

TCTCTGTG

CTATTATT

CTCTCAAT

GTCACATG

TATGGTAT

TTTTCAAA

GTGGTAGGCTTTGGAGTCAGATTATTTTGATTCAGATCCTACATCTACTGTT TAGTAGL TCTG T TGUL TGAGGLAGG TCCU T ARCATCTCTGTG

A Quarter Century of

Genomics

Human Genome Sequenced for First Time

by the Human Genome
LA €Y,

Project

Cost of Sequencing a Human Genome
Reduced Nearly ~1 Million-Fold

) S ALY

Tens of Thousands of Human
Genomes Sequenced

I+ i g

Profound Advances in Understanding
How the Human Genome Functions

b 4

TR O
SO S

Significant Advances in ‘Unraveling the
Genomic Bases of Human Disease

iy’

)
[ Ay

Vivid Examples of Genomic Medicine
in Action Now Emerging
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Bringing Genomic Medicine Into Focus

{ cENOoMIC H

‘Hot Areas’ in Genomic Medicine

Cancer Genomics IE )
— £49 RS 4

et~
(N}
11T/ S—
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Cancer is a Disease of the Genome

Tumor

i%i“x%*ﬁ*

oM **

*ék

It Takes Several Mutations to Make a Cell Malignant

Routine Cancer Diagnostic Tools

Cancer Cancer Genome
Histopathology Sequencing

“ﬂ\m Ly ,,,ﬂ
gy,

; o
.lamm m 1|ﬂ“‘
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Genomics and Cancer: Here and Now

We're available 24/7 to  call anytime Chat online
discuss treatment options. ~ (800) 931-9299 now @

ABOUT YOUR CANCER HOW WE TREAT CANCER ~ OUR HOSPITALS ~ COMMUNITY & SUPPORT ~

HOW CAI t GENOMIC » ESTING HELP b | “Genomic) zsting is the
PATIENTS NOW? p . " ruwre of cancer treatment.”

Every cancer is differer. . Genomic sting helps our doci d 3 ’ ﬂ?;m:?mlﬂ" .q:m
ppatient’s cancer at the molecuiar level and may reveal
treatment options. .

LEARN MORE »

HUNTSMAN
CANCER INSTITUTE
UNIVERSITY OF UTAH

CHANGING WCANCER CARE

huntsmancancer.org

‘Hot Areas’ in Genomic Medicine

Cancer Genomics ] g

Pharmacogenomics
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Because Everyone Responds Differently.

All of these work.

Just not for everyone.

Perlegen may be able to help you sort out
which medicine helps which patient.

Working with you, we can comprehensively
analyze the DNA from thousands of patients
taking your drug. Out of the millions of
genetic variations between patients, we may
be able to help you identify the ones that are
associated with strong efficacy, poor efficacy,
or side effects.

Perlegen’s exceptional coverage of the
genome and experienced team of analysts
could help you get clinically relevant
answers, not just data, in a matter of months.

We partner with the top pharmaceutical
companies around the world. We also
license late-stage drugs. If you have a drug

that can benefit from our approach, please
contact us.

February 24, 2016
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IMPRECISION MEDICINE } )

1. ABILIFY

et

41 1
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Nature (2015)

Pharmacogenomics

h

Drug toxic but ’l v*"\ : Drug toxic but
beneficial i '“»\ NOT beneficial

*‘uﬁ /samed!a;nosm\‘ &;ﬁ’}}

A— 4 same prescnpllon
rug toxic an« Drug NOT toxic
NOT beneficial and beneficial

AN,

Phalggenorg
The Prom ‘ ‘er ed 1 icine.

~
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‘Hot Areas’ in Genomic Medicine

Cancer Genomics

Pharmacogenomics

Rare Genetic Disease
Diagnostics

)

WHEN DISEASE STRIKES
FROM NOWHERE

When healthy parents have a child with a genetic disorder, the cause is sometimes anew
mutation. Tools are emerging to meet the challenge of finding such changes.

“ ...disorders not readily explained by standard
tests can sometimes be diagnosed through genome
sequencing and analysis.”

Nature (2014)
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Undiagnhosed Diseases

NIH Undiagnosed Diseases Network | 3ove Sinical sites and 2

Harvard Teaching

. Harvard Medical
- | School

.H'; + "
Bfa:‘!lo;.&?!lege ﬁﬁa | Vanderbilt University i ; Duke University
onMediane; §BR ] Medical Center 28 : | Durham

Houston ﬁﬁ w /
Il :
- ]
Coordinating Center (@) 7‘*')
Clinical Sites " (
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‘Hot Areas’ in Genomic Medicine

AT A ; N

it
1
|

Cancer Genomics 'ﬁ ’

Pharmacogenomics

Rare Genetic Disease
Diagnostics

——

Genomics of Pregnancy fQ‘ '
I ®.- -

Noninvasive Prenatal Genome Sequencing

Since late 2011, clinicians have been able to
screen mothers’ blood for fetal chromosome
problems using circulating DNA

*Numi
Diay

Worldwide maternal blood tests®

(thousands)

2012 2013 2014

bers as reported by lllumina, Sequenom, Arioss
i A s o

DW Bianchi, Nature (2015)
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Newborn Genome Sequencing

In 2025, Everyone Will Get DNA Mapped
At Birth
Alice Park “ m

Scientists have scoured
trends in research grants,
patents and more to come
up with these 10
innovations that will be
reality in 10 years (or so
they think)

Newborn Sequencing In Genomic medicine
and public HealTh (NSIGHT)

! Harvard Hospitals

UCSF Boston, MA

" San Francisco, CA

Children’s Mercy

Kansas City, MO -
UNC - Chapel Hill

Chapel Hill, NC
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Genome Sequencing of Acutely Sick Newborns

Fast sequencing
saves newborns

Rapid analysis of infant genomes is aiding diagnosis
and treatment of inexplicably ill babies.

Nature (2014)

‘Hot Areas’ in Genomic Medicine

Cancer Genomics

Pharmacogenomics

Rare Genetic Disease
Diagnostics

Genomics of Pregnancy F)‘ - \“
I o -

Clinical Genomics ETU
Information Systems } NCGG (4
ATCH

(I NI
[TT1T 11—

It
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Generating a Human Genome
Sequence is (Almost) Trivial

CACGATGCTCCOTC CITGAACACCATTGGOTC CTTGAA
COATGCTCCOTC CTTGAACACCATIGGGTC CTTGAACAC
CTGAACACCATIGGCACGATGLTCCGTC CTTGAACACC
CACCATTGGCACGATGLTCCGTC CTTGAACACCATTIGGGTC
CACGATGCTCCOTC CITGAACACCATIGGGTC C1T
COATGCTCCLTC CTTGAACACCATTGGETC CTTGAACAC
CIGAACACCATIGGCACGATGLTCCETC CITGAACACC
CACCATTGGCACGATGLTCCGTC CTTCAACACCATTICGETC
CACGATGCTCCETC CITGAACACCATICGOTC CITGAA
COATGCTCCGTC CITGAACACCATIGGETC CTTGAACAC
CTGAACACCATIGGCACCATGLTCCGTC CTTGAACACC

CACCATTGGCACGATGLTCCOTC CTTGAACACCATIGGOTC
CACGATGCTCCGTC CTTGAACACCATIGGGTC CT
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Clinical Genomics
Information Systems

h

Clinical Genome Resource (ClinGen)

clinicalgenome.org

ClinGen — The Clinical Genome Resource

NEJM (2015)
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The Genomic Medicine Ecosystem

Healthcare Delivery

families - "Man g z
e cuntnhule prevent inclusive
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It community

& 'S physicians
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[ practice advocating
serving
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translation
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The Genomic Medicine Ecosystem

Education & Genomic Literacy
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The Genomic Medicine Ecosystem

Regulatory Oversight

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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The Relevance of Genomics

Biomedical Researchers
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Precision Medicine

A broader context for ‘individualizing’
medical care to advance human health
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Precision Medicine

= Today: most medical care based on expected
response of the average patient

= Tomorrow: medical care based on individual
genomic, environmental, and lifestyle
differences that enable more precise ways
to prevent and treat disease

I A O
e

i

K
o 3
4

4
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“...[the] new Precision Medicine Initiative [will bring]
America closer to curing diseases like cancer and
diabetes, and gives all of us access, potentially, to the
personalized information that we need to keep ourselves
and our families healthier.”

President Barack Obama
January 30, 2015

26 S

; ) ; 1N L i
The NEW ENGLAND JOURNAL of MEDICINE

January 30, 2015

e A s °« The sed initiative has
A New Initiative on Precision Medicine it s somenliosmpmnisBie

two main components: a near-

Francis S. Collins, M.D., Ph.D., and Harold Varmus, M.D. term focus on cancers and a lon-
ger-term aim to generate knowl-

edge applicable to the whole range

of health and disease. Both com-

ponents are now within our reach

because of advances in basic re-

search, including molecular biol-

ogy, genomics, and bioinformat-

ics. Furthermore, the initiative

43



NHGRI Current Topics in Genome Analysis February 24, 2016
Week 2: The Genomics Landscape Circa 2016 Eric Green, M.D., Ph.D.

U.S. National Research Cohort

AHipittad

= >1 million U.S. volunteers

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

= Forge new model for ‘doing science’ that emphasizes:
Engaged participants
Open, responsible data sharing
Strong privacy protections

Everything Old is New Again

insight commentary

The case for a US prospective cohort
study of genes and environment

Francis S. Collins

National Human Genome Research Institute, National Institutes of Health, Building 31, Room 4B09, MSC 2152, 31 Center Drive, Bethesda,

Maryland 20892-2152, USA (e-mail: fc23a@nih.gov

Information from the Human Genome Project will be vital for defining the genetic and environmental factors
that contribute to health and disease. Well-designed case—control studies of people with and without a
particular disease are essential for this, but rigorous and unbiased conclusions about the causes of diseases
and their population-wide impact will require a representative population to be monitored over time (a
prospective cohort study). The time is right for the United States to consider such a project.

Nature (2004)
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Genomics

Electronic Medical Records and

]
n
51

emerge network

emerge.mc.vanderbilt.edu
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Technologies

THE BODY ELECTRIC

RESEARCHERS WANT TO WIRE THE HUMAN BODY WITH SENSORS THAT COULD

HARVEST REAMS OF DATA — AND TRANSFORM HEALTH CARE.

BY ELIZABETH GIBNEY

WIRED FOR LIF

Sensors mounted on
the skin are easy to
apply and remove, and
can abtain high-quality
data on breathing,
heart rate, blood
pressure and other
vital signs. But they
must be flexible and
stretchy enough to
follow the natural
movement of the body.

Nature (2015)

Sensors injected under
the skin can access
the trove of
information carried in
the blood by chemical
signals called
biomarkers. The
devices must be
long-lived and
biocompatible, so that
they don't trigger an
immune response

™
{

Subcutaneous

tissue

46

Sensors woven into the body could alert people to medical problems before they
become seriously ill — if the devices can overcome some daunting challenges.

Epidermis

Devices implanted
into the heart, brain
or other deep.
tissues can gather
data directly from
the source and
deliver drugs or
stimulation exactly
where needed. But
they must have ways
to get power in and
data out — without
resorting to wires

Carbon-nanotube-based

sensors

February 24, 2016
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%\ Flexible brain
sensor

o Flexible heart
pacemaker

Spine-implanted
ion pump
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Data Scienc

Technologies

11 February 2011 §10

Science
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Participant Partnerships

Report on Precision Medicine
Initiative Cohort Program

For Immediate Release: Thursday, September 17, 2015

NIH framework points the way forward
for building national, large-scale
research cohort, a key component of the
President’s Precision Medicine Initiative

(B]=] ] v NI

The National Institutes of Health Advisory Committee to the Director (ACD)

today presented to NIH Director Francis S. Collins, M.D., Ph.D., a detailed

design framework for building a national research participant group, called
The Precision Medicine Initiative Cohort a cohort, of 1 million or more Americans to expand our knowledge and
Program - Building a Research practice of precision medicine. Dr. Collins embraced the design
Foundation for 21st Cen{ury Medicine recommendations made by the ACD, noting the need to remain nimble and
. adaptable as the Initiative progresses. He also thanked the Committee for
their recommendations on policy issues and welcomed the opportunity to
review them. NIH plans to move quickly to build the infrastructure so that
participants can begin enrolling in the cohort in 2016, with a goal of

Precision Medicine Initiative (PMI) Working Group Report to the
Advisory Committee to the Director, NIH

September 17, 2015 . .
eptember 17, enrolling at least 1 million participants in three to four years.
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Precision Medicine Initiative

Health Information Grants & Funding News & Events Research & Training Institutes at NIH About NIH

PRECISION MEDICINE INITIATIVE

Precision Medicine
Initiative

PMIin the News ABOUT THE PRECISION MEDICINE INITIATIVE

White House Fact Sheet: President
Obama's Precision Medicine Initiative

icine Initiative and

rch

Network Twitter Chat
Storify: The Precisio

Precision Medicine Initiative YouTube
Channel &

www.nih.gov/precisionmedicine

Déja Vu, All Over Again?

ION MEDICINE INITIATIVE

Human Genome Precision Medicine
Project Initiative

Circa Winter 1990 Circa Winter 2015
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The A
Genomics
Landscape

A monthly newsletter from the NHGRIDirecto
e

October 6, 2015

This month brought a historic ‘odometer moment’ for the field of genomics — October 1, 2015, marked the 25%
anniversary of the launch of the Human Genome Project. |, for one, cannot believe a quarter-century has now
passed since many of us started working on the Project. At the same time, it is truly incredible to think about how
far genomics has progressed since that time. | thought the significance of this anniversary warranted making this
topic the lead story in this month’s The Genomics Landscape; in addition, | reflect on this important anniversary in a
recent video interview now available on the NHGRI web site.

To subscribe, follow link from:

o NATIONAL HUMAN GENOME
gl
JW RESEARCH INSTITUTE

Advancing human health
through genomics research
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