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State of the Science of Genomic Associations

• What are the recent advances in genomics 
research?  How have these advances facilitated 
the emergence of personal genome services?

• For which diseases are strong genetic 
associations and/or markers established?

• What criteria should be considered in determining 
whether the association between a particular 
genetic marker and phenotype is strong enough 
for that marker to be included in genetic testing?

• What are the limitations of genetic markers in risk 
assessment for disease?
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after Manolio, Brooks, Collins, J Clin Invest 2008; 118:1590-625.



Pennisi E, Science 2007; 318:1842-43.

2007: The Year of GWA Studies



www.hapmap.org

Nature 2005; 437:1299-320.Nature 2007; 449:851-61.



A HapMap for More Efficient Association 
Studies: Goals

• Use just the density of SNPs needed to find 
associations between SNPs and diseases

• Do not miss chromosomal regions with 
disease association

• Produce a tool to assist in finding genes 
affecting health and disease

• Use more SNPs for complete genome 
coverage of populations of recent African 
ancestry populations due to shorter LD 



Progress in Genotyping Technology
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Diseases and Traits with Published GWA 
Studies (n = 58, 7/7/08)

• Macular Degeneration
• Exfoliation Glaucoma

• Lung Cancer
• Prostate Cancer
• Breast Cancer
• Colorectal Cancer
• Neuroblastoma
• Melanoma

• Inflamm. Bowel Disease
• Celiac Disease
• Gallstones
• Irritable Bowel Syndrome

• QT Prolongation 
• Coronary Disease
• Stroke
• Hypertension
• Atrial Fibrillation/Flutter
• Peripheral Artery Disease
• Coronary Spasm
• Lipids and Lipoproteins 

• Psoriasis
• HIV Viral Setpoint
• Childhood Asthma

• Type 1 Diabetes 
• Type 2 Diabetes
• Diabetic Nephropathy 
• End-St. Renal Disease
• Obesity, BMI, Waist, IR
• Height
• Osteoporosis
• Osteoarthritis

• F-Cell Distribution
• Fetal Hgb Levels
• C-Reactive Protein
• 18 groups of 

Framingham Traits
• Pigmentation
• Uric Acid Levels
• Recombination Rate
• Protein Levels

• Warfarin Dosing
• Ximelegatran Adv. Resp.

• Parkinson Disease
• Amyotrophic Lat. Sclerosis
• Multiple Sclerosis
• Prog. Supranuclear Palsy
• MS Interferon-β Response  
• Alzheimer’s Disease
• Cognitive Ability
• Memory
• Restless Legs Syndrome 
• Nicotine Dependence
• Methamphetamine Depend.
• Neuroticism
• Schizophrenia
• Bipolar Disorder
• Family Chaos

• Rheumatoid Arthritis
• Systemic Lupus 

Erythematosus



Hunter DJ and Kraft P, N Engl J Med 2007; 357:436-439.

“There have been few, if any, similar bursts of 
discovery in the history of medical research…”



NHGRI Catalog of GWA Studies: 
http://www.genome.gov/gwastudies/



Functional Classification of 284 SNPs 
Associated with Complex Traits
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Lessons Learned from Initial GWA Studies

NOS1APQT interval prolongation
CDKAL1Type II Diabetes
ORMDL3Childhood Asthma

CDKN2A/2B
CFH

Signals in Previously Unsuspected Genes
Macular Degeneration
Coronary Disease
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Lessons Learned from Initial GWA Studies
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What are the recent advances in genomics 
research?  How have these advances facilitated 
the emergence of personal genome services?
• Low-cost high-throughput genotyping within reach 

of large-scale population studies since 2006
• Over 150 such studies completed with over 180 

well-replicated loci in nearly 60 diseases/traits
• Genotyping costs now within reach of (well-to-do) 

consumers

On the horizon…
• Copy number variants
• Next generation sequencing; 1,000 Genomes
• DNA methylation and gene expression



For which diseases are strong genetic 
associations and/or markers established?

• Define “strong”!

• Large odds ratio?

• Very small p-value?

• Very frequently occurring risk allele?

• Large proportion of disease 
attributable to risk allele?

• Explaining large proportion of genetic 
variance?



Odds Ratios of Discrete Associations
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- Log10 P-Values of Discrete Associations
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Odds Ratio by Risk Allele Frequency for 
Discrete Associations
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32 Crohn’s Disease Loci

Barrett et al., Nat Genet 2008 Jun 29.



Percent of Variance in Disease Risk Explained by 
32 Established CD Risk Loci 

Barrett et al., Nat Genet 2008 Jun 29.

Power to detect risk loci



What criteria should be considered in determining 
whether the association between a particular 

genetic marker and phenotype is strong enough for 
that marker to be included in genetic testing?

What criteria should be considered in determining 
whether a particular genetic marker should be 

included in genetic testing?

Depends to very large degree on 
purpose of testing…



Possible Purposes of Genetic Testing

• To improve health and prevent disease
• To provide targeted, proven risk reduction 

strategies to those at greatest risk
• To identify persons at high risk, for later rapid 

implementation of newly-proven interventions
• To improve cost efficiency of non-genetic risk 

reduction strategies
• To facilitate reproductive choices
• To provide information of personal value to 

individuals, regardless of whether “actionable”



Criteria to be Considered in Selecting Genetic 
Variants for Testing

• Strength of evidence for risk association
• Availability and acceptability of proven risk-

reducing interventions
• Validity, availability, cost of the test
• Potential anxiety, stigma, cost, additional 

testing, or other harms from receiving results
• Trade-offs in other testing or care that cannot 

be paid for within fixed budget



Distribution of Genetic Risk in the Population

Pharoah et al., N Engl J Med 2008; 358:2796-803.

RR = 0.4 RR = 2.5



Proportion of Breast Cancer Cases Explained by 
Proportion of Population at Highest Risk 

Pharoah et al., N Engl J Med 2008; 358:2796-803.

20% at highest risk 
- 28% of cases

50% at highest risk        
- 60% of cases

20% at highest risk  
- 64% of cases

50% at highest risk 
- 88% of cases



Improving Efficiency of Screening Program 
for Breast Cancer

• 50-year-old woman in UK has 2.3% risk of 
breast cancer in next ten years; mammography 
currently offered to all women over 50

• Offer screening to all women at that risk level?
• Do not offer screening to women not at that 

risk level?
• Women in 40th percentile of population risk 

have 10-year risk at age 50 of 2.1%
• Women in 5th percentile of population risk have 

10-year risk at age 50 of 1.5% and never reach
a 2.3% risk

Pharoah et al., N Engl J Med 2008; 358:2796-803.



What are the limitations of genetic markers in 
risk assessment for disease?

• Most markers are not deterministic– many 
people without the markers will develop disease, 
and many people with the markers will not

• Most of the genetic risk remains unexplained
• Little or no evidence to date that interventions 

based on genotype improve outcome 
• Genetic markers may provide additional risk 

information for more aggressive risk 
management in carriers, but again little evidence



Evidence of Effectiveness of Cholesterol 
Lowering in Preventing Heart Disease

Lancet 1994; 344:1383-89

NEJM 1998; 339:1349-57

JAMA 1998; 279:1615-22

Lancet 2002; 360:7-22

JAMA 2001



Multiplex Genetic Susceptibility Testing:
A prototype for applied research to inform  

personalized medicine

Colleen M. McBride, PhD. and Larry Brody, Ph.D.

Multiplex Genetic Susceptibility Testing:Multiplex Genetic Susceptibility Testing:
A prototype for applied research to inform  

personalized medicine

Colleen M. McBride, PhD. Colleen M. McBride, PhD. andand Larry Brody, Larry Brody, Ph.D.Ph.D.

Research Partners:Research Partners:
National Human Genome Research Institute

Henry Ford Health System
Group Health Cooperative

Cancer Research Network (NCI)



Multiplex Project AimsMultiplex Project Aims

To develop a prototype for multiplex genetic 
susceptibility testing

Multiple markers of susceptibility for multiple diseases

Provide risk feedback to target populations

To create an infrastructure to facilitate  public 
health research

Decide upon “standard of care” for consent, feedback & support 
services 

Identify optimal study population(s) and recruitment approach



Larson, G.  The Complete Far Side. 2003.
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