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~10 Years and ~7 Months Ago

February 2001
Draft Human Genome Sequence Published
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~8 Years Ago

April 2003
Human Genome Project Ends
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“...'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.”

Nature, April 2003
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Human Genome Sequence

~$1,000,000,000

~$1,000 “The $1000 Genome”
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One machine in a few days >10 years and 1000’s of people during HGP


Many
Incoming

Technologies...
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Cost per Sequenced Human Genome
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Human Genome Sequence

~$1,000,000,000

Current Cost

~$1,000 “The $1000 Genome”
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Genome Seqguencing as a ‘Commodity’
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The Largest Current Bottleneck in Genomics...


Presenter
Presentation Notes
Reality




Presenter
Presentation Notes
 


The Informational Bottleneck

TGCCGCGGAACTTTTCGGCTCTCTAAGGCTGTATTTTGATATACGAAAGGCACATTTTCCTTCCCTTTTCAAAATGCACCTTGCAAACGTAACAG
GAACCCGACTAGGATCATCGGGAAAAGGAGGAGGAGGAGGAAGGCAGGCTCCGGGGAAGCTGGTGGCAGCGGGTCCTGC GTCTGGCGGACCCTGA
CGCGAAGGAGGGTCTAGGAAGCTCTCCGGGGAGCCGGTTCTCCCGCCGGTGGCTTCTTCTGTCCTCCAGCGTTGCCAAC TGGACCTAAAGAGAGG
CCGCGACIGTCGCCCNCCTGCGGGATGGGCCTGGTGCTGGGCGGTAAGGACACGGACCTGGAAGGAGCGCGCGCGAGGC AGGGAGGCTGGGAGTC
AGAATCGGGAAAGGG/N\GGTGCGGGGCGGCGAGGGAGCGAAGGAGGAGAGGCAGGAAGGAGCGGGAGGGGTGCTGGCGGGE GTGCCGTAGTGGGTGGA
GAAAGCCGCTAGAGCNAATTTGGGGCCGGACCAGGCAGCACTCGGCTTTTAACCTGGGCAGTGAAGGCGGGGGAAAGAL CAAAAGGALAGGGGTGG
TGTGCGGAGTAGGGG GGGTGGGGGGAATTGGAAGCAAATGACATCACAGCAGGTCAGAGAAAAAGGGTTGAGCGGCAC GCACCCAGAGTAGTAG
GTCTTTGGCATTAGGNGCTTGAGCCCAGACGGCCCTAGCAGGGACCCCAGCGCCCGAGAGACCATGCAGAGGTCGCCTC TGGAAAAGGCCAGCGT
TGTCTCCAAACTTTT TTCAGGTGAGAAGGTGGCCAACCGAGCTTCGGAAAGACACGTGCCCACGAAAGAGGAGGGCGTGTGTATGGGTTGGGTT
TGGGGTAAAGGAATANGCAGTTTTTAAAAAGATGCGCTATCATTCATTGTTTTGAAAGAAAATGTGGGTATTGTAGAATAAAACAGAAAGCATTA
AGAAGAGATGGAAGANTGAACTGAAGCTGATTGAATAGAGAGCCACATCTACTTGCAACTGAAAAGTTAGAATCTCAACACTCAAGTACGCTACT
ATGCACTTGTTTTAT TCATTTTTCTAAGAAACTAAAAATACTTGTTAATAAGTACCTAAGTATGGTTTATTGGTTTTCCCCCTTCATGCCTTGG
ACACTTGATTSTCTTCTTGGCACATACAGGTGCCATGCCTGCATATAGTAAGTGCTCAGAAAACATTTCTTGACTGAATTCAGCCAACAAAAATT
TTGGGGTAGGTAGAANATATATGCTTAAAGTATTTATTGTTATGAGACTGGATATATCTAGTATTTGTCACAGGTAAATGATICTTCAAAAATTG
AAAGCAAATTTGTTGHNAATATTTATTTTGAAAAAAGTTACTTCACAAGCTATAAATTTTAAAAGCCATAGGAATAGATECCGAAGTTATATCCAA
CTGACATTTAATAAA TGTATTCATAGCCTAATGTGATGAGCCACAGAAGCTTGCAAACTTTAATGAGATTTTTTAAALTAGCATCTAAGTTCGG
AATCTTAGGCAAAGTGTTGTTAGATGTAGCACTTCATATTTGAAGTGTTCTTTGGATATTGCATCTACTTTGTTCCTGT TATTATACTGGTGTGA
ATGAATGAATAGGTACTGCTCTCTCTTGGGACATTACTTGACACATAATTACCCAATGAATAAGCATACTGAGGTATCA AAAAAGTCAAATATGT
TATAAATAGCTCATA ATGTGTGTAGGGGGGAAGGAATTTAGCTTTCACATCTCTCTTATGTTTAGTTCTCTGCATGTC CAGTTAATCCTGGAAC
TCCGGTGCTAAGGAGNGACTGTTGGCCCTTGAAGGAGAGCTCCTCCCTGTGGATGAGAGAGAAGGACTTTACTCTTTGCAATTATCTTTTTGTGT
TGATGTTATCCACCT TTGTTACTCCACCTATAAAATCGGCTTATCTATTGATCTGTTTTCCTAGTCCTTATAAAGTCLAAATGTTAATTGGCAT
AAATTATAGACTTTT TTAGCAGAGAACTTTGAGGAACCTAAATGCCAACCAGTCTAAAAATGCAGTTTTCAGAAGAATGAATATTICATGGATA
GTTCTAAATACTAATGAACTTTAAAATAGCTTACTATTGATCTGTCAAAGTGGGTTTTTATATAATTTTCTTTTTACALATCACCTGACACATTT
AATATAGGTTAAAAANTGCTATCAGGCTGGTTTGCAAAGAAAATGTATTACAAAGGCTGCTAAGTGTGTTAAGAGCATACTCATTTCTGTTCTCC
AAAATATTTCATAAGGTGCTTTAAGAATAGGTATGTTTTTAAAAGTTAAGTTCCTACTATTTATAGGAACTGACAATCECCTAAAATACCAATGA
TTACAAACTTCCTTC GGCCTTCTGGACTGCAATTCTAAAAGTGTAAAAAACATATTTTCTGCATTAAGTTAGGCAGTATTGCTTAGTTTTCAAA
GTGGTAGGCTTTGGAGTCAGATTATTTTGATTCAGATCCTACATCTACTGTTTAGTAGCTCTGTTGCCTGAGGCAGGTCCCTTAACATCTCTGTG
TGTGACTTGACCTTTAAAATTTGGAGACTGTCATAGGGGTTAATCCCTTGAGAAAATGAATGTGAAAAGTTAGCCTAATGT———-— CTATTATT
ATGGATTACCATATT TCACATTCATCACAGTACATGCACCTTGTTAATATAAGATGCTCAATTCATCTTTGAGTATALTTTTGTGACTCTCAAT
CTGGATATGCAATGAGTGGGCCTGTATGAGAATTTAATTTATGAAAAATTGTGTTTCACATGGCCTTACCAGATATACEGGAAACACGTCACATG
TTTCTATTGTATGTTGTTAAATGCCTTAGAATTTAACTTTCTGAATAGGATCCCTTCAGTTTGAGAGTCATAAAAGAGTAAAATTATTATGGTAT
TTACAAACTTCCTTC GGCCTTCTGGACTGCAATTCTAAAAGTGTAAAAAACATATTTTCTGCATTAAGTTAGGCAGTATTGCTTAGTTTTCAAA
GTGGTAGGCTTTGGAGTCAGATTATTTTGATTCAGATCCTACATCTACTGTTTAGTAGCTCTGTTGCCTGAGGCAGGTC CCTTAACATCTCTGTG
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~7 Months Ago

Charting a course for genomic medicine
from base pairs to bedside

Green', Mark & National Human Genome 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 discase are now unprecedented, as advances in genomics are harnessed to
obtain robust foundational knowledge about the strucure and function of the human genome amd about the genetic
contributions to human health and di Here we articulate a 2011 vision for the future of genomics res

describe the path towards an era of genomic medicine.

oy bealih withs
ther i

February 2011
NHGRI Published New Vision for Genomics
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Green et al. 2011
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The Future: Genome Sequencing

"Suspected Mendelian
Disease/Trait (~2000)

Molecular Basis
Known (~2900)

Molecular Basis
Unknown (~1800)

Mendelian Diseases/Traits
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The Future: Genome Sequencing

"Suspected Mendelian
Disease/Trait (~2000)

Molecular Basis
Known (~2900)

Molecular Basis
Unknown (~1800)

Complex Diseases/Traits
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The Future: Genome Sequencing

Cancer Genomics
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Clinical Genomic
Information Systems
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Best is yet to come

Ten years after the human genome was
sequenced, its promise is still to be fulfilled.

ormer US president Bill Clinton called it the “most important, most

wondrons map ever produced by humankind, To then UK prime

minister Tomy Blair,itwas a “breakthrough thattakes humankind
across a frontier and into a new era”. His science minister David Sains-
bury said: “We now have the possibility of achieving all we ever hoped
for from medicin &” When Nature published a 62-page articleon 15 Feb-
ruary 2001 titled ‘Initial sequencing and analysis of the human gencme
it is niot difficult to see why theworld got excited. Perhaps, even, alittle
overexcited. One of our editors, Henry Gee, penned a newspaper piece
at the time that promised, by 2099, “genomics will allow usto alter entire
organisms out of all recognition, to snit surneeds and tastes. .. [and ] will
allow us to fashion the human form into any conceivable shape. Wewill
have extra limbs, ifwe want them — maybe even wings tofhy”

As Eric Lander, director of the Broad Institute of MIT and Harvard
in Cambridge, Massachusetts, and the first author on that 2001 paper,
writes on page 187 of thisissue: “The human genome has had a certain
tendency to incite passion and excess” A decade on, Lander notes, the
pattern continues, with "a front- pagenews story on thetenth anniver-
sary of the announcement that chided genome scientists for not yet
hawing cured most diseases”. The 2001 sequence was abways a mile-
stone on the journey to better medical care, rather than a destination.
The ten-year anniversary of the publication in MNatere and Science of
sequen ces prepared respectively by theinternational Human Genome
Projectand Celera Genomics, now of Alameda, California, provides
another — as well as an opportunity to reflact on progress.

Some things have undoubtedly changed. Natures Editorial page in
the 15 Febmary 2001 issue examined not the scientific and medical

140 | KATURE | VOL 470 | 10 FEBRUARY 2011

promise of the genome sequence, but the challenge of public access
to information gathered by the commercial genomics sector. Acri-
mony over the differing public and private approaches has since faded;
CONCErNS OVer access to genomic data now centre on privacy isues.

Has medical progress been slower than was expected at the timef In
an article on page 204, Eric Green and Mark Guyer of the US Mational
Human Genome Research Institute in Bethesda, Maryland, offer an
“npdated vision” of the prospects for genomic medicine. “Significant
change rarely comes quickly” they write. "Although genomics has
already begun to improve diagnostics and treatmentsin a few circum-
stances, profound improvem entsin the effectiveness ofhealthcare can-
not realistically be expected for many years” Research is not enough,
theysay, and new policies and practices as part of an expanded global
effort are needed too.

The sequencing of the human genome wasin mamy waysa trinmph
for technology as much as it was for science. That technology has
continued to develop over the past decade, which Elaine Mardis of
the Genome Center at Washington University in 5t Louis describes
in an article starting on page 198 as a “remarkable sequencing
technology explosion”.

Massively parallel sequen cing technology allows questions to be
asked and answered with "unprecedented speed and resolution’; she
says. "“The continuing upward trajectory of sequencing technology
developmentis enabling clinical applications that are aimed at improv-
ing medical diagnosis and treatment” A useful example is the devel-
opment of genome-wide association studies to probe the undedying
genetic landscape of some common diseases.

Morethan adecade ago, Michael Dexcter, then head of the UK, Welloome
Trust, which took part in the Human Genome Project, branded the
genome sequence as the outstanding achievemnent of human history,

eclipsing the significance both of the Moon land-
ings and of the invention of the wheel. Itis too
Tocommentonling,  early for that history to be written. For the genome
clickonEditorialsat.  sequence to be a true success, wemust yet ensure
that greater achievemnents arebuilt on it.m

£ 201 Macmillan Publishers Limit=d. All rights resenved

“The 2001 [human genome] sequence
was always a milestone on the journey
to better medical care, rather than a

destination
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