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It's Still Not the Post-Genomic Era
Francis S. Collins, M.D., Ph.D.




April, 1953 April, 2003

no aass April 25, 1953 NATURE . Q),
| >

MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

A

2 SEQUENCE/
by § o0
™. . - $ o

;

J. 1 Warsox
. H. . Cnick
Medical Mescarcl Conneil Univ for the
Btudy of the Moleeular Struwcture of
Biological Syvstens,
Cavendish Laboratory, Coambeulge.
April 2,




GENOME PROJECTS: HOW BIG, HOW FAST?
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THE WHITE HOUSE

0ffice of the Press Secretary

P
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For Immediate Release June s 2000

PRESIDENT CLINTOM ANNOUNCES THE COMPLETION OF THE FIRST
SURVEY OF THE ENTIRE HUMAN GENOME
Hails Public and Private Efforts Leading to This Historic Achievement

June 26, 2000

Today, at a historic White House avent with British Prime Minister Tony
Blair, President Clinton announced that the international Human Genome
Project and Celera Genomics Corporation have both completed an initial

int for human beings.

theguardian

blic and private

» Science ) Genetics

Scienti.sts finish first draft of DNA ‘ nature ..
blueprint

Interactive guide News

Tim Radford, science editor

The Guardian, Monday 26 June 2000 03.10 EDT Nature 405, 983-984 (29 June 2000) | doi:10.1038/35016696

Scientists in London and Washington will announce today that they have
completed the "first draft” of the entire blueprint of human life, described
as the most important scientific effort humankind has ever mounted,
including splitting the atom and going to the moon.

World leaders heap praise on human genome landmark

Colin Macilwair SCience Ehe New York Times

June 27, 2000

[
géb% NIH NEWS RELEASE Genetic Code of Human Life Is Cracked by
e peps® Scientists

By NICHOLAS WADE

NATIONAL INSTITUTES OF HEALTH National Human Genome Research Institute
ASHINGTON, June

U.S. Department of Engery = 5
epartment of Fnger . 26 - Tn an /o;::::‘:i!irc‘se
achievement that represents a 1 A
FOR IMMEDIATE RELEASE Contact: pinnacle of human self- =
Monday. June 26. 2000 Cathy Yarbrough. NHGRI knowledge, two rival groups
10:30 a.m. EST (301) 594-0954 of scientists said today that
. ) . they had deciphered the
International Human Genome Sequencing Consortium Announces hereditary script, the set of
instructions that defines the Reuters

“Working Draft” of Human Genome

human organism.



“Energ S

naturejobs
genomics special

g
I{fé; di ‘nﬁeﬁ&

*

ﬁ

el

2
&
5 3

g el



Finislhad
version of
human

genome

g ae

" tmostramati on 16, 3. 163, d e Peterochvorain toch cn s v s broun. %
| fesrea 4, Syniany. Consorvs symery wih e mouse gerome lwnmmudammmnm«mm@qw

Tha Landscaps of the Human Genome

L 2 . oo e
3.Cyto. sans

mone chvemssame
e e St o stk oned o P 0} o
%, Pecnings o
sequane

e o1 s . 5 Pt Long 1008 e CF HOFT sbaty S s I 6 . T Sk 0L 40 Cor ot e, € 00
i .70 bl v Sl 8 3o gt o S0 G2k . Mot Mg gt s

g
T, oar (Semeans.

el s e asham o e

i v hd ety N eAronod sty ot o dess T e of ettty cee 1o s el e b 08 b, s ot o rge b 0000

o001k e e v e
e e Gehch,

priovivpenr g Qrmbomierey el gyl
penome:

‘SES a1 e, INES a1 i, B0 CaAaen . 100 80 widous. 18, NCS
oG iianas.

segrare.
hemal, s 1
o Bostors o e BLAYakgrrars i Res. 4. 03 854 (103 borean 0 mmm<mmmmmm»mm
mangorara. 1 T, Bk ks thow o o axppedsemnrc s (574wt o oo i, s
14 Geog g S Enpribd s

S5 15 Oune.

posstaeyy

(Crmsis: Do Ewan Bimey, Jem Kar, Krshea M. sk, M, Doy Thornas, Rsbent Baersch Cusign: Daee Leja munm

Nawna! Human
arch







The HapMap Project

= Produced genotypes for 3.5 million SNPs in 270 samples

= Data show allele frequencies, haplotypes, and
associations among the SNPs

= Data were used to develop SNP
chips for genome wide association }
(GWAS) studies

= Chips allow GWAS studies to find
gene regions containing variants
that affect health and disease

International
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Genetic Variants Associated
with Disease Risk
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1000 Genomes in the Cloud T
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= 1000 Genomes Project go N4 )
(www.1000genomes.org) .,_;—; ) =
— Leverag(_es recent improvements in next generation "‘f""* "‘j""-:;-ff
sequencing technology oo
— Largest set of data on human genetic variation " Lti-.._u
= Data now freely available in Amazon’s cloud :*’w y )
— 200 terabytes of data f 5, ., ::

QO ’

. . 7
— Researchers who would not otherwise have capacity _..£ . =
or computing systems now have access to this data

Low coverage and exome sequencing
now complete on 2500 samples!



The Cancer Genome Atlas (TCGA) and the
International Cancer Genomics Consortium

= Comprehensive, collaborative effort to map genomic
changes in major types, subtypes of cancer
= NIH pilot (2006) expanded to 25 tumor types (2009)

— Every case (tumor + germline) gets comprehensive
characterization (SNP, exome, mi/RNAseq, methylation)

— All data available pre-publication once quality controlled
— 6,600+ cases now in pipeline
« Seek to complete 11,000 by end of 2014
= [nternational Cancer Genomics Consortium further
expands program to many other tumor types
= Ultimate goal: improve our ability to diagnose, treat,
and prevent cancer




ENCODE:
Encyclopedia of DNA Elements

= Launched in 2003, to develop comprehensive [ges d
catalog of functional elements in the Y
human genome
— Related model organism projects

= Community resource project
— All data free and available for mmediate use

= Update 2012: 30+ paplea

. . . . \@”% Encyclopedia of DNA Elements
findings, innovative accf . e —————

— First global, detailed viey
elements in human genq =

ENCODE Gary

WWW.ENCOuL



 ENCODE

Home | Research | Threads | Additional Research | Mews and Comment | About | Sponsor

ENCODE

Epigenetic regulation of
RNA processing

ENCODE data explores
properties of RNA processing
and its relationship to histone
modifications

Read Thread

x

PAFPERS

PRODUCED WITH
SUPPORT FROM

illumina

Nature ENCODE
By Nature Publishing Group

What is ENCODE? Threads: a new approach Guide to the ENCODE explorer




“Big Data”: Challenges for Biomedicine
In an Era of Massive Data Sets

Recent explosion of biomedical data

= Challenge: find ways to optimize -
data that National Human Geno:
— Speed discovery and innovation Researearnstitute
— Improve nation’s health, economy ‘

@
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= NIH responds to the challenge

— New internal governing/oversight bodies

— New trans-NIH initiative: Big Data to
Knowledge (BD2K)

— New leadership position: Associate
Director for Data Science




Disorders with Known Molecular Basis
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Disorders with Known Molecular Basis
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National Center for Advancing
Translational Sciences (NCATS)

Mission:

To catalyze the generation of innovative methods and
technologies that will enhance the development, testing,
and implementation of diagnostics and therapeutics across
a wide range of human diseases and conditions.

http: //ncats nih. gov/




the WHITE HOUSE

PRESIDENT OBAMA IS CALLING ON THE SCIENCE COMMUNITY
TO JOIN HIM IN PURSUING A GRAND CHALLENGE
BRAIN RESEARCH

B RAI N THROUGH ADVANCING

'NNOVATIVE
IN ITIATIVE NEUROTECHNOLOGIES




Now or Then: Which Big Science Project Are

These Scientists Worked Up About?
BY GREG MILLER 04.05.13 5:30 AM

W Follow @dosmonos
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Now or Then
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The ? project Is bad science, it's unthought-
out science, it's hyped science.



Now or Then

| believe the scientific paradigm underlying
this ? project Is, at best, out of date and at
worst, simply wrong.



Now or Then

Concentrating hundreds of millions of dollars
on this one megaproject in the era of ?
budget cuts Is sure to starve hundreds of
small, more promising biomedical research
projects.



Now or Then

In contrast to some areas of physics, which require
extremely expensive facilities, biology does not
have an obvious need for 'big science.' Our
country's spectacular success in this area has
depended in large part on the wide support of
Independent, investigator-initiated, peer-reviewed
research.



Now or Then

Creative science Is bottom-up, not top-down.
Are we talking about central planning inside
the Beltway?



Now or Then

It's going to do absolutely no good to
develop tools for a new generation of
[scientists] If we In the process seriously
damage that same generation of scientists.



Now or Then

Arguments are made that the ? project will
give birth to a new generation of
technologies. What good will that do In the
absence of individuals trained and capable of
applying these technologies?



Now or Then

The amount of money we ask to accomplish
the task, $200 million a year, is commensurate
with the project's role in the fight against many
serious health problems.



Now or Then
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Everybody | talk to thinks this is an incredibly
bad idea.



A Decade with the

Human Genome Sequence
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Charting a course for genomic medicine
from base pairs to bedside

Eric D. Green!, Mark S. Guyer1 & National Human Genome Research Institute®
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Charting a Course for Genomic Medicine:
Goals for the Next Ten Years

= Make genomics-based diagnostics routine
= Define genetic components of disease

= Complete comprehensive characterization of
cancer genomes

= Devise practical systems for clinical
genomic informatics

= Uncover role of human microbiome
In health, disease




Achieving Our Goals by 2023

Understanding the biology of genomes, with
— New, comprehensive catalogues of data
— New tools for genomics research
— Rapid, internationally harmonized data release
= Bioinformatics and computational biology
— Data analysis, integration
— Visualization
= Education and training
— Outreach to public, healthcare providers
— Preparing next generation of researchers
= Genomics and society, addressing
— Psychosocial, ethical issues
— Legal, policy issues




Personalized Medicine:
A future dream




Story of Hope

= April 14, 2003: baby Hope is born
Family hears news of HGP completion
= April 2013
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Story of Hope

= 2053
— A healthy Hope celebrates her 50th
* Wears “smart sh ly-yre

— Hope & 2 mﬂ*c {—-- P}
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— Hope feé 2
assume -4“'*“

— Smart shlrac

— Personalizedi@y

)




Story of Hope

= 2103
— Hope celebrates her 100" with a night of dancing




Personalized Medicine:
Could the dream become
a nightmare?




Hope's Story Gone Wrong

= 2023: Hope’s aunt, 53, dies of a heart attack
— No online tool for family medical history available
— Hope’s doctor dismisses genome analysis
— Unaware of elevated heart disease risk, Hope makes unhealthy
life choices
= 2038: Hope diagnosed with high blood pressure
— Pharmacogenomics would have determined best drug for her

— Instead receives drug that causes hypersensitivity reaction;
stops treatment



Hope’s Story Gone Wrong — continued

= 2038-2052: Hope eats an unhealthy diet, gains weight

= 2053: Hope, gardening, feels tightness in her arm
— No smart shirt; doctor dismisses it as pulled muscle
— Taken to ER 3 hours later in cardiogenic shock
* Given “standard” therapy — unable to metabolize prodrug
 Hope dies. She was just 50 years old.



The essential goal of
genomic medicine

Keep Hope Alive!



Turning Discovery Into Health®
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