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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



Diseases and Traits with Published GWA Studies 
(n = 72, 10/14/08)

• Macular Degeneration
• Exfoliation Glaucoma

• Lung Cancer
• Prostate Cancer
• Breast Cancer
• Colorectal Cancer
• Bladder Cancer
• Neuroblastoma
• Melanoma
• TP53 Cancer Predispos’n
• Chr. Lymph. Leukemia

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

• QT Prolongation 
• Coronary Disease
• Coronary Spasm 
• Atrial Fibrillation/Flutter
• Stroke
• Subarachnoid Hemorrhage 
• Hypertension
• Hypt. Diuretic Response

• Syst. Lupus Erythematosus
• Sarcoidosis
• 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
• Male Pattern Baldness

• F-Cell Distribution
• Fetal Hgb Levels
• C-Reactive Protein
• ICAM-1
• Total IgE Levels
• Uric Acid Levels, Gout
• Protein Levels
• Vitamin B12 Levels
• Recombination Rate
• Pigmentation

• Peripheral Artery Disease
• Lipids and Lipoproteins
• Warfarin Dosing
• Ximelegatran Adv. Resp.

• Parkinson Disease
• Amyotrophic Lat. Sclerosis
• Multiple Sclerosis
• MS Interferon-β Response  
• Prog. Supranuclear Palsy
• Alzheimer’s Disease in ε4+
• Cognitive Ability
• Memory
• Hearing
• Restless Legs Syndrome 
• Nicotine Dependence
• Methamphetamine Depend.
• Neuroticism
• Schizophrenia
• Sz. Iloperidone Response
• Bipolar Disorder
• Family Chaos
• Narcolepsy

• Rheumatoid Arthritis
• RA Anti-TNF Response



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…”



What is a Genome-Wide Association Study?

• Method for interrogating all 10 million variable 
points across human genome

• Variation inherited in groups, or blocks, so not 
all 10 million points have to be tested

• Blocks are shorter (so need to test more 
points) the less closely people are related

• Technology now allows studies in unrelated 
persons, assuming 5,000 – 10,000 base pair 
lengths in common (300,000 – 1,000,000 
markers) 



DNA on Chromosome 7

GAAATAATTAATGTTTTCCTTCCTTCTCCTATTTTGTCCTTTACTTCAATTTATTTATTTATTATTAATATTATTATTTTTTGAG

ACGGAGTTTC/ACTCTTGTTGCCAACCTGGAGTGCAGTGGCGTGATCTCAGCTCACTGCACACTCCGCTTTCCTGGTT

TCAAGCGATTCTCCTGCCTCAGCCTCCTGAGTAGCTGGGACTACAGTCACACACCACCACGCCCGGCTAATTTTTGTA

TTTTTAGTAGAGTTGGGGTTTCACCATGTTGGCCAGACTGGTCTCGAACTCCTGACCTTGTGATCCGCCAGCCTCTGC

CTCCCAAAGAGCTGGGATTACAGGCGTGAGCCACCGCGCTCGGCCCTTTGCATCAATTTCTACAGCTTGTTTTCTTTG

CCTGGACTTTACAAGTCTTACCTTGTTCTGCC/TTCAGATATTTGTGTGGTCTCATTCTGGTGTGCCAGTAGCTAAAAAT

CCATGATTTGCTCTCATCCCACTCCTGTTGTTCATCTCCTCTTATCTGGGGTCACA/CTATCTCTTCGTGATTGCATTCT

GATCCCCAGTACTTAGCATGTGCGTAACAACTCTGCCTCTGCTTTCCCAGGCTGTTGATGGGGTGCTGTTCATGCCTCA

GAAAAATGCATTGTAAGTTAAATTATTAAAGATTTTAAATATAGGAAAAAAGTAAGCAAACATAAGGAACAAAAAGGAA

AGAACATGTATTCTAATCCATTATTTATTATACAATTAAGAAATTTGGAAACTTTAGATTACACTGCTTTTAGAGATGGAGA

TGTAGTAAGTCTTTTACTCTTTACAAAATACATGTGTTAGCAATTTTGGGAAGAATAGTAACTCACCCGAACAGTG/TAA

TGTGAATATGTCACTTACTAGAGGAAAGAAGGCACTTGAAAAACATCTCTAAACCGTATAAAAACAATTACATCATAATG

ATGAAAACCCAAGGAATTTTTTTAGAAAACATTACCAGGGCTAATAACAAAGTAGAGCCACATGTCATTTATCTTCCCTT

TGTGTCTGTGTGAGAATTCTAGAGTTATATTTGTACATAGCATGGAAAAATGAGAGGCTAGTTTATCAACTAGTTCATTTT

TAAAAGTCTAACACATCCTAGGTATAGGTGAACTGTCCTCCTGCCAATGTATTGCACATTTGTGCCCAGATCCAGCATA

GGGTATGTTTGCCATTTACAAACGTTTATGTCTTAAGAGAGGAAATATGAAGAGCAAAACAGTGCATGCTGGAGAGAG

AAAGCTGATACAAATATAAAT/GAAACAATAATTGGAAAAATTGAGAAACTACTCATTTTCTAAATTACTCATGTATTTTC

CTAGAATTTAAGTCTTTTAATTTTTGATAAATCCCAATGTGAGACAAGATAAGTATTAGTGATGGTATGAGTAATTAATATC

TGTTATATAATATTCATTTTCATAGTGGAAGAAATAAAATAAAGGTTGTGATGATTGTTGATTATTTTTTCTAGAGGGGTTG

TCAGGGAAAGAAATTGCTTTTT

SNPs 1 / 300 bases



Christensen and Murray, N Engl J Med 2007; 356:1094-97.

Mapping the Relationships Among SNPs



Chromosome 9p21 Region Associated with MI

Samani N et al, N Engl J Med 2007; 357:443-453. 
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Christensen and Murray, N Engl J Med 2007; 356:1094-97.

Mapping the Relationships Among SNPs



One Tag SNP May Serve as Proxy for Many
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One Tag SNP May Serve as Proxy for Many
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One Tag SNP May Serve as Proxy for Many

GTT 35%

CTC 30%

GTT 10%

GAT 8%

CAT 7%

CAC 6%

other haplotypes 4%

Block 1 Block 2 FrequencySingleton



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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Association of Alleles and Genotypes of 

rs1333049 with Myocardial Infarction 

C 

N (%)

G

N (%)

2

(1df)
P-value 

Cases 2,132 (55.4) 1,716 (44.6)
55.1 1.2 x 10-13

Controls 2,783 (47.4) 3,089 (52.6)

Allelic Odds Ratio = 1.38

Samani N et al, N Engl J Med 2007; 357:443-53. 
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G
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CC 

N (%)

CG 

N (%)

GG

N (%)

2 

(2df) 
P-value

Cases 586 (30.5) 960 (49.9) 378 (19.6)
59.7 1.1 x 10-14

Controls 676 (23.0) 1,431 (48.7) 829 (28.2)

Heterozygote Odds Ratio = 1.47

Homozygote Odds Ratio = 1.90

Samani N et al, N Engl J Med 2007; 357:443-53. 



Klein et al, Science 2005; 308:385-389.

P Values of GWA Scan for Age-Related 
Macular Degeneration



Bierut LJ et al, Hum Molec Genet 2007; 16:24-35.

Nicotine Dependence among Smokers 



http://www.broad.mit.edu/diabetes/scandinavs/type2.html

Genome-Wide Scan for Type 2 Diabetes in a 
Scandinavian Cohort 



-Log10 P Values for SNP Associations with 
Myocardial Infarction

Samani N et al., N Engl J Med 2007; 357:443-53. 



Association Signal for Coronary Artery 
Disease on Chromosome 9

Samani N et al., N Engl J Med 2007; 357:443-53. 



Region of Chromosome 1 Showing Strong 
Association with Inflammatory Bowel Disease

Duerr R et al., Science 2006; 314:1461-63. 
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NHGRI Catalog of GWA Studies: 
http://www.genome.gov/gwastudies/



NHGRI GWA Catalog - Objectives

• Identify and track all GWA publications 
attempting to assay > 100,000 SNPs

• Extract key information regarding associations

• Provide widely as scientific resource, including 
downloadable datafile

• Seek commonalities across associations 
genome-wide rather than disease by disease

• Describe approach clearly so others can 
replicate or expand upon it

• Maintain consistency in approach

• Adapt to evolving technologies: CNVs?
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Functional Class Index Linked HapMap P-value*

Missense 4.7  1.3 0.6 2 x 10-6

Synonymous 1.4 0.7 0.5 0.05

Intronic 43.5 47.5 37.5 6 x 10-38

5’ UTR 0.3 0.3 0.1 0.05

3’ UTR 1.4 1.0 0.9 0.23

miRTS 0.8 0.5 0.3 0.12

5’ (2kb) 2.8 2.0 1.1 2 x 10-7

3’ (0.5kb) 2.6 1.8 1.2 3 x 10-4

Intergenic 45.3 47.0 58.1 4 x 10-59

Functional Classes (%) of Linked and Index 
SNPs vs Randomly-Drawn HapMap SNPs

* Multiple comparisons correction pthreshold = 0.006.
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Lessons Learned from Initial GWA Studies

Signals in Previously Unsuspected Genes

Macular Degeneration CFH

Coronary Disease CDKN2A/2B

Childhood Asthma ORMDL3

Type II Diabetes CDKAL1

Crohn’s Disease ATG16L1
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Study Crohn’s Disease!

Barrett et al., Nat Genet 2008 Jun 29.



Larson, G.  The Complete Far Side. 2003.



May 1999

J. Hirschhorn and D. Altshuler                 J Clin Endo Metab 2002

Am J Hum Genet July 2004

Am J Hum Genet July 2004

PLoS Biol Sept 2005

Nat Genet July 2006



Replication Study #1 

3,000 cases / 3,000 controls

Replication Study #2

2,400 cases / 2,400 controls

Replication Study #3 

2,500 cases / 2,500 controls

Initial Study

1,150 cases / 1,150 controls

~24,000 SNPs

~1,500 SNPs

200+ New 

ht-SNPs

>500,000 Tag SNPs

25-50 Loci

Replication Strategy for Prostate Cancer 
Study in CGEMS

Hoover R, Epidemiology 2007; 18:13-17.



GWA Efforts at NHGRI and NIH-wide



GWA-Related Efforts at NHGRI



GWA-Related Efforts at NHGRI: Training



NIH-Wide Efforts in Gene Discovery and 
Translation



NIH-Wide Efforts in Gene Discovery and 
Translation
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