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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







Outline

• Clinical utility… or “I know it 
when I see it.”

• 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…

• 33% of diabetics are undiagnosed --- blood 
glucose. (Almanac, 2008)

• 24% of hypertensives undiagnosed ---
blood pressure measurements. (Almanac, 2008)

• 37% of high cholesterol undiagnosed ---
fasting lipid panel. (Almanac, 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



BMJ 2008;336:22 (5 January) 

“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 (£2bn;  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. “



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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JM Westfall et al JAMA 2007;297:403.



Getting to patient-oriented 
outcomes…



DNA Sequence
Production

Changing Infrastructure Requirements

DNA Sequence 
Production

Bioinformatic
Analysis

Bioinformatic
Analysis
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NHGRI Intramural Program
Les Biesecker, PI



Approach

• Initial target phenotype: Atherosclerosis
– Phenotype 1,000 subjects

• Coronary calcium, lipidemia, & related indices
– Sequence 200-400 candidate genes
– Follow-up studies

• Bioinformatic & bench 
– Interpret variants and validate some
– Return results

™



8,208 Non-exon novel variants

2,185 Exonic novel 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.”

Oct., 2009
http://news.wustl.edu/news/Pages/20393.aspx

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


http://www.flickr.com/photos/ddgenome/2166503922/in/set-72157603633991423/



Sequencing accuracy?



A sequencing accuracy of 
99.9999% will incur about 6,000 

errors in a diploid human 
genome. 



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 



Common complex disease: 

= DISEASE

Variant A

Variant B

Variant C

Behavior

Environment



What 
condition/exposure?



GENEVA, A Collaborative 
Network for Genome-Wide 

Association Studies
National Human 

Genome Research 
Institute

National  
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U.S. Department 
of Health and 

Human Services

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



Phenotype Harmonization Summary Spreadsheet



The PhenX Project

• PI: 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



Example Measure: Nicotine Dependence

39



What variant?



NHGRI GWA Catalog
www.genome.gov/GWAStudies

658 Published Genome-Wide Associations 
at p < 5 x 10-8



Nature June 9, 2010



Environment?



Genes, Environment, and Health Initiative 
(GEI)

• Proposed in President’s budget for FY07 
• 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





It is 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. 



www.gwas.net



Will society act on the 
information in 

productive ways?







Can the rubber meet 
the road?



Genetics in Medicine • Volume 11, Number 7, July 2009







Genomics

Personalized Medicine

Quality Health Care



THANKS

Some slides courtesy of:
Les Biesecker, NHGRI
Teri Manolio, NHGRI
Laura Rodriguez, NHGRI
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