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Throughput of DNA Sequencing Technologies

Capillary Array Electrophoresis
96 channels x 24 runs/day x 800 bp per run = 1.8 Mb/day
6x coverage of 3 Gb genome takes 26 years with 1 machine

~ 3 months with 100 machines

Sequencing by synthesis on array (projected, end of 2010)
200-300 Gb/run, ~ 7-14 days/run
30x coverage of 3 Gb genome takes ~ 0.5 run

~ 1 week with one machine ( ~ 2 genomes)

Nanosensor
1 msec per base
10x coverage of 6 Gb genome takes
~ 2 years with single nanopore
< 1 day with 1000 nanopore array
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A startup is developing a new and potentially much cheaper | Forgot your password?  Register »

sequencing technology based on microfluidics.
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At a time when the longtime goal of a $1,000 genome is still just out of reach, a Harvard
University physicist is promising an even cheaper price--the ability to sequence a human
genome for just $30. David Weitz and his team are adapting microfluidics technology that
uses tiny droplets, a strategy developed in his lab, to DNA sequencing. While the
researchers have not yet sequenced DNA, they have successfully demonstrated parts of
the process and formed a startup, GnuBio, to commercialize the technology. Weitz
presented the findings at the Consumer Genomics Conference in Boston last week.

Weitz's team had previously developed a way to create
picoliter droplets of water, which act as tiny test tubes.
The droplets can be precisely moved around on a
microfluidics chip, injected with chemicals and sorted
based on color. (The technology has been
commercialized by RainDance Technologies, which Weitz
cofounded in 2004. The company markets the droplet
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tellectual property?
Inclecel popery? et

Benefits?



Outline

e Clinical utility... or “I know It
when | see It.”

e Getting to utility.



Criteria for the evaluation of
genetic tests: analytic validity,
clinical validity, and clinical utility.

National Institutes of Health—
Department of Energy Task Force on

Genetic Testing, 1997
http://www.genome.gov/10001733



Clinical utility, “the balance of
benefits to risks..... Before a
genetic test can be generally
accepted In clinical practice, data
must be collected to demonstrate
the benefits and risks that accrue
from both positive and negative
results.”



Clinical utility continued...

Benefits

Decreased anxiety
Decreased monitoring
Life planning
Reproductive planning
Informing relatives

Improved survival, cost
savings, etc, etc

Risks

Lack of treatments

Poor predictive ability
Discrimination
Psychological harm

Physical harms, cost, etc, etc



The Primary Care Perspective on Health Care




Solutions — primary care style...

e 33% of diabetics are undiagnosed --- blood
g lucose. (Almanac, 2008)

o 24% of hypertensives undiagnosed ---
blood pressure measurements. (amanac, 200s)

» 37% of high cholesterol undiagnosed ---
fasting lipid panel. (amanac, 2008)

Universal health care, better screening programs, smoking cessation,
exercise programs, improved nutrition etc...



The Primary Care Perspective on Relative
Importance of Genomics to Health Care




“The sequencing of the human genome
was completed in 2003. Since then we've
been told that we're living-in the "genomic
era"—the biggest revolution in"‘human
health since antibiotics, some say, and the
beginning of scientific, personalised
medicine. In the United States we’'ve spent
about $4bn (E2bn; 2.8bn) since 2000 to
fund the National Human Genome
Research'Institute, so it seems fair to ask
what we’ve got for our money. *“

BMJ 2008;336:22 (5 January)



Evidence-Based Medicine

"the conscientious, explicit and judicious use
of current best evidence in making
decisions about the care of the individual
patient. It means integrating individual
clinical expertise with the best available
external clinical evidence from systematic
research." Sackett D, 1996



SORT Criteria AFP, June 2004




Patient-Oriented Outcomes
These are outcomes that matter to
patients and help them live longer or
better lives, including reduced morbidity,
reduced mortality, symptom
Improvement, improved quality of life,
or lower cost.

AFP, February 2004
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mortality
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Getting to patient-oriented
outcomes...



Changing Infrastructure Requirements

DNA Sequence Bioinformatic

Production Analysis




ClinSeq

GC‘GPSC

NHGRI Intramural Program
Les Biesecker, PI



Approach

 |Initial target phenotype: Atherosclerosis
— Phenotype 1,000 subjects
o Coronary calcium, lipidemia, & related indices
— Sequence 200-400 candidate genes
— Follow-up studies
* Bioinformatic & bench
— Interpret variants and validate some

— Return results

£ Clin

Llinseq

CTGM



8,208 Non-exon novel variants

15" UTR variant positions

M 3' UTR variant positions

Intron variant positions

2,185 Exonic novel variants

" Non-Synonymous Variants
M Nonsense Variants

Synonymous Variants




Data storage capacity?



“We currently have about 3,000 cores in our
computational cluster and over 3 PB
(3,000,000 GB) of storage online. When full
of equipment In a few years, the data center
will likely house tens of thousands of cores
and on the order of 100 PB of storage.”


http://news.wustl.edu/news/Pages/20393.aspx�
http://news.wustl.edu/news/Pages/20393.aspx�




Seguencing accuracy?



A seguencing accuracy of
99.9999% will Iincur about 6,000
errors In a diploid human
genome.



The Informational Bottleneck
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Common complex disease:
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What
condition/exposure?



GENEVA, A Collaborative
Network for Genome-Wide
Association Studies

U.S. Department of Health and Human Services
National Institutes of Health
National Human Genome Research Institute

Teri A. Manolio, M.D., Ph.D.
Director, Office of Population Genomics
Senior Advisor to the Director, NHGRI,

for Population Genomics
March 10, 2010



Phenotype Harmonization across GENEVA

GENEVA Home

GENEVA Search

Study Overview

Calendar

Data Sets

Directory

Documents

IRE Documents

Meetings

Publications and Presentations
Statement on Incidental Findings

Subcommittees
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Template for working group cross-study analyses

: Web-form Summary Phase Il investigators

Individual responses to Phenotype Web Form

moking Variables Across Studies
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Basic Phenotype Information by Study. October 2007

Call Summaries
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Phenotype Harmonization Summary Spreadsheet
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The PhenX Project

Pl: Carol Hamilton, PhD (RTI International)

Goal: Provide a resource of standard measures
that can be incorporated into study protocols

Selecting 15 high-priority measures for each of
21 research domains

Measures made available to research
community via the PhenX Toolkit

v i v f"< consensus measures for Phenotypes and eXposures



Example Measure: Nicotine Dependence

browse >earch Resources

My Account Help

Review Measure

Top » Alcohol, Tobacco and Other Substances » Tobacco - Nicotine Dependence

Tobacco - Nicotine Dependence #031000

Definition: Questions query respondent on whether s/he has symptoms of nicotine
dependence.

Purpose: This measure can be used to assess the participant's dependence on nicotine.
Essential Data:® Current Age, Tobacco - Smoking Status

Keywords: tobacco, smoking, cigarette, nicotine dependence, nicotine, pack years,
Fagerstrom Test for Nicotine Dependence, Fagerstrom Tolerance Questionnaire, Fagerstrom

<+ <= Add this measure® to the cart

4+ = Add this measure® + all essential data to the cart
* Adding this measure to the cart will add all protocols associated with this measure (listed below)

“Z Protocols Associated with Measure

addtocat 031001 Tobacco - Nicotine Dependence =




What variant?
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doi:10.1038/nature09146

Nature June 9, 2010

nature

LETTERS

Functional impact of global rare copy number
variation in autism spectrum disorders

A list of authors and their affiliations appears at the end of the paper.

The autism spectrum disorders (ASDs) are a group of conditions
characterized by impairments in reciprocal social interaction and
communication, and the presence of restricted and repetitive beha-
viours', Individuals with an ASD vary greatly in cognitive develop-
ment, which can range from above average to intellectual
disability®. Although ASDs are known to be highly heritable
(~90%)°, the underlying genetic determinants are still largely
unknown. Here we analysed the genome-wide characteristics of rare
(<1% frequency) copy number variation in ASD using dense geno-
typing arrays. When comparing 996 ASD individuals of European
ancestry to 1,287 matched controls, cases were found to carry a

called by both algorithms in an individual (Fig. 1, Supplementary
Tables 1-3 and Supplementary Fig. 3). This stringent data set of 5,478
rare CNVs in 996 cases and 1,287 controls of European ancestry
(Supplementary Table 4) had the following characteristics: (1)
CNV present at <1% frequency in the total sample (cases and con-
trols); (2) CNV =30kb in size (because >95% of these could be
confirmed); and (3) all CNVs further venified using combined evid-
ence from the PennCNV algorithm'"® and child-parent intensity fold
changes, genotype proportions (to verify deletions) and visual
inspection (for chromosome X).

We assessed the impact of rare CNV in cases compared to controls



Environment?



Genes, Environment, and Health Initiative
(GEI)

Proposed in President’s budget for FYO07

Aims to accelerate understanding of genetic and
environmental contributions to health and disease

Led by NIH-wide Coordinating Committee

Two components:

— Genetic analyses of case-control studies of
common disease ($26M per year for four years)

— Development of innovative technologies to
measure environmental exposures, diet, and
physical activity ($14M per year for four years)



The Lancet, Early Online Publication, 2 June 2010

Articles

Gene-environment interactions in 7610 women with breast
cancer: prospective evidence from the Million Women Study

Ruth C Travis, Gillian K Reeves, Jane Green, Diana Bull, Sarah | Tipper, Krys Baker, Valerie Beral, Richard Peto, John Bell, Diana Zelenikg,
Mark Lathrop, for the Million Women Study Collaborators*

Summary

Background Information is scarce about the combined effects on breast cancer incidence of low-penetrance genetic
susceptibility polymorphisms and environmental factors (reproductive, behavioural, and anthropometric risk factors
for breast cancer). To test for evidence of gene-environment interactions, we compared genotypic relative risks for
breast cancer across the other risk factors in a large UK prospective study.

Methods We tested gene-environment interactions in 7610 women who developed breast cancer and
10196 controls without the disease, studying the effects of 12 polymorphisms (FGFR2-rs2981582, TNRC9-1s3803662,
2q35-1513387042, MAP3KI-rs889312, 8q24-rs13281615, 2p-rs4666451, 5p12-rs981782, CASP8-rs1045485,
LSP1-rs3817198, 5q-rs30099, TGFB1-rs1982073, and ATM-rs1800054) in relation to prospectively collected
information about ten established environmental risk factors (age at menarche, parity, age at first birth,

I'\I‘ﬂ'\ﬁ‘lrﬂn-““ﬂl‘l’ rﬂnnnnﬁlqul o M1 90 9 MIOananalicoa 1100 nr Iﬁnrmnnn I'i"lﬂl"l.!’.l"l.l"l'lnﬂl ll"l.f'll""ll‘“.l' |1.nr]w fMIaco il"l.r‘ln"l'lf

(AN

Published Online

June 2, 2010
DOL10.1016/50140-
6736(10)60636-8

See Online/ Comment
DO110.1016/50140-
6736{10)60876-8
*Cellaborators listed at end of
paper

Cancer Epidemiology Unit

(R CTravis DPhil, G K Reaves PhD,
J Green MD, D Bull,
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New Models for Large Prospective Studies

b Ovenview OVERVIEW

P Planning Group hlembers

b lleetings Large prospective cohorts and hiohanks are ideal models for defining disease burden in a population and for [aunching studies to examine the many genetic and
environmental factors that contribute to disease, paving the way for persanalized medicine. Advantages of large-scale approaches over smaller scale or
retrospective study designs include greater generalizability of the research findings and efficiencies intime and resources because a single large, well defined
cohort can be builtto address multiple research questions within a single research framewark,

The U K. Biohank is a large-scale national resource initiated in 2004 to as5ess trends in disease hurden and examine genetic and environmental risk factors for
specific diseases. The appraach used by the Biohank has enabled its leaders to achieve exceptional efficiencies in recruitment, assessment and record linkage.
By spring of 2010, the UK Biohank will have reached its goal of 500,000 participants and begin closing down its field centers. To explore this model while it was
still actively in place, the MIH convened a symposium to hear first hand from the leadership of the UK. Biobank, and from leaders of other large national and
international cahort studies and biohanks, about navel study designs, lessons leamed, and oppartunities that may inform NIH programs.

The MIH hosted the New Vodels for Large Prospective Studies sympaosium onJanuary 22, 2010 in Bethesda, Maryland to:

» Hearfrom national and international leaders and funders of [arge cohort studies and hiohanks, in particular the UK Biohank, about novel study designs;
approaches to achieve efficiencies in recruitment, examination, and sample collection and handling; strategies to address consent and confidentiality; and
lessons leamed from pilot studies and full-scale implementations: and

n |dentify areas of opporunity and collaboration, and identify possible next steps.

View the meefing agenda and list of paricipants...




It 1S difficult to envision how
WGS data will be sorted out and
used without a concerted effort to
develop the Infrastructure needed
to follow and study large
numbers of Individuals
longitudinally using electronic
health records.



The eMERGE Netwo

electronic Medical Records & Genomic'

A consortium of biorepositories linked to electronic medical records data -
for conducting genomic studies

Main Menu

Home

About eMERGE Network
GWAS Project

Metwork Publications
Calendar

Links

Contact Us

User Menu

Log in

The eMERGE Network

The eMERGE Metwork is a national consortium formed to develop, disseminate. and apply
approaches to research that combine DMA hiorepositories with electronic medical record (EMR)
systems for large-scale, high-throughput genetic research

The mapping of the human genome has enabled new exploration of how genetic variations
contribute tl:u health ancl disease. To hetter realize this promise, researchers must now determine

Ve gas ONRE Lkl reater sick with
s Jrer-r= dise nately improve

There are a number of st conducted routinely
to uncover the association between disease and a
person's genetic make-up, but they are typically
costly and take a long time to complete. This
consartium will use data from the EMR — clinical
systems that represent actual health care events
an alternative methodology, which is highly cost
and time-efficient, to propel this research
Electronic medical records are one of the most
exciting potential resources for research data

Each center participating in the consortium

organized by the Mational Human Genome

Fesearch Institute with additional funding from the

Mational Institute of General Medical Sciences

has proposed studying the relationship hetween

genome-wide genetic variation and a common human trait. (More detailed information about the




Will society act on the
Information In
productive ways?
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NIH Researchers Explore How Healthy, Young Adults View the Role Genetics Plays in Improving
Health

Most healthy young adults place greater emphasis on health habits than on genetic risk factors when considering what
causes common diseases, a research team from the National Human Genome Research Institute (NHGRI) and the
Henry Ford Health System in Detroit has found. The study, based on a survey of 25- fo-45-year-olds, was released
June &, 2010 in an early online edition of the Annals of Behavioral Medicine

The research is part of the Multiplex Initiative, a large, population-based study of how healthy young people use
genetic risk-susceptibility tests. Multiplex genetic testing, for which a single blood sample per individual is used to defect
multiple genetic results, provides individuals with a slightly higher or lower comparative risk value for certain conditions
compared to the general population

"Genetic information is quickly becoming an important part of the equation for making individual health choices," said
NHGRI Director Eric Green, M.D., Ph.D. "It is important that we understand how genefic test recipients react and use

such information so that the public, clinicians and public health experts have realistic expectations of how genedic risk
awareness may affect the health information landscape "

Participants in the study were offered multiplex genetic testing designed to yield information about 13 different genes
that play roles in eight preventable conditions, including type 2 diabetes, coronary heart disease, high blood
cholesterol, high blood pressure, osteoporosis, lung cancer, colorectal cancer and malignant melanoma

In the not-too-distant future, with wider availability of genetic testing. genetic risk information will more often be an
added element in the health risk equation
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Science of Behavior Change

b Overview OVERVIEW

} Implementation Group Members

¥ Funding Opportunifies Human behavior accounts for almost 40% of the risk associated with preventable premature deaths in the United States. Health-injuring behaviors such as
P lleetings smaking, drinking, and drug abuse, as well as inactivity and poor diet are known o contribute to many common diseases and adverse health conditions.

Unfortunately, there are few tried and true approaches to motivate people to adopt and maintain healthy behaviors over time. [tis difficult for people to begin to
change unhealthy hehavior, even when they intend to do so, and even mare difficult far them to maintain positive behavior changes in the long run. Effective and
personalized approaches to achieve sustained behavior change are typically autside the routine practice of medical care. We often use terms like “willpower” and
“self-contral” to explain behavior change, although the underlying biological social, and cultural contexts for these terms are not clear. It is clear, however that
understanding the hasic underpinnings of motivation change across a broad range of health-related hehaviors can lead to maore effective and efficient approaches
to behaviaral intervention and ultimately improve the health of aur nation.

The Comman Fund is launching the Science of Behavior Change pragram to improve our understanding of human behavior change across a broad range of
health-related behaviors. The program will support research that integrates basic and translational science and cuts across disciplines of cognitive and affective
neuroscience, neuroeconomics, behavioral genetics, and hehavioral economics. The pragram will establish the graundwark for a unified science of behavior
change that capitalizes on both the emerging basic science and the progress already made in the design of behavioral interventions in specific disease areas.
This will be accomplished by supporting basic research to imprave our understanding of human mativation and maintenance of hehavior change across multiple
diseases and conditions, and using this knowledge to develop more effective and economical behavioral interventions.

The MIH hosted a Science of Behavior Change Meeting in June 2008 to garner input from experts about opportunities and needs in behavior change research.

The program is announcing a new funding apportunity: REA-RM-10-002 - Science of Behavior Change: Funding Mechanisms of Chanae in the Laboratary and in
the Field (RO1).




Can the rubber meet
the road?



Genetics in Medicine ¢ Volume 11, Number 7, July 2009
ARTICLE

Are electronic health records ready for genomic
medicine?

Maren T. Scheuner, MD, MPH', Han de Vries, MS’, Benjamin Kim, MD™ Robin C. Meili, MBA’,
Sarah H. Olmstead, MS”. and Stephanie Teleki, PhD’

Purpose: The goal of this project was to assess genetic/genomic content
in electronic health records. Methods: Semistructured interviews were
conducted with key informants. Questions addressed documentation,
organization, display, decision support and security of family history
and genetic test information, and challenges and opportunities relating
to integrating genetic/genomics content in electronic health records.
Results: There were 56 participants: 10 electronic health record spe-
cialists, 18 primary care clinicians, 16 medical geneticists, and 12
genetic counselors. Few clinicians felt their electronic record met their
current genetic/genomic medicine needs. Barriers to integration were
mostly related to problems with family history data collection, docu-

mation has the potential to not only radically change the way
personal health care is delivered but also how public health is
maintained and realized.

However, a recent review of the literature has found that
clinicians are not prepared to integrate genetic information into
routine clinical practice, including collection, documentation,
and interpretation of family history for risk assessment and
recommendation of risk-specific interventions, and knowing
when to offer genetic tests.! Experts believe that electronic
health records (EHRs) could enable adoption of genetic infor-
mation into clinical practice, including the effective use of
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