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We Live in Interesting Times…

“‘May he live in interesting times.’ Like it or not we live 
in interesting times.”

--Robert Kennedy, June 7, 1966

May you come to the attention of those in authority.

May you find what you are looking for.

Wikipedia, accessed 11Sep07



May You Live in Interesting Times…

• 10 Mar 2005: Age-related macular degeneration
• 30 Apr 2006: QT interval prolongation
• 19 Oct 2006: Neovascular AMD
• 26 Oct 2006: Inflammatory bowel disease
• 11 Feb 2007: Type 2 diabetes
• 5 Mar 2007: Crohn’s disease
• 12 Apr 2007: Obesity

Since 2005, over 30 genome-wide association 
studies have identified robust associations with  
genetic variants for nearly 20 common, complex 
diseases and traits:



Nature Genetics, 1Apr2007



Sciencexpress, 26Apr2007



Sciencexpress, 3May2007



Nature and Nature Genetics, 27May2007



Nature and Nature Genetics, 7Jun2007



Consistently replicated associations found for:
• 10 Jun 2007: Celiac disease
• 1 Jul 2007: Atrial fibrillation
• 8 Jul 2007 : Colorectal cancer
• 15 Jul 2007: Gallstones
• 18 Jul 2007: Periodic limb movements in sleep
• 19 Jul 2007: HIV viral setpoint
• 26 Jul 2007: Childhood asthma
• 29 Jul 2007: Multiple sclerosis
• 1 Aug 2007: Amyotrophic Lateral Sclerosis
• 9 Aug 2007: Exfoliation glaucoma
• 2 Sep 2007: Height
• 5 Sep 2007: Rheumatoid arthritis
• 18 Sep 2007: ??

2007: The Year of GWA Studies?



What is a GWA 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 ~10,000 base pair lengths 
in common (300,000 - 500,000 markers) 



DNA on Chromosome 7
GAAATAATTAATGTTTTCCTTCCTTCTCCTATTTTGTCCTTTACTTCAATTTATTTATTTATTATTAATATTATTATTTTTTG
AGACGGAGTTTC/ACTCTTGTTGCCAACCTGGAGTGCAGTGGCGTGATCTCAGCTCACTGCACACTCCGCTTTCCTG
GTTTCAAGCGATTCTCCTGCCTCAGCCTCCTGAGTAGCTGGGACTACAGTCACACACCACCACGCCCGGCTAATTTTT
GTATTTTTAGTAGAGTTGGGGTTTCACCATGTTGGCCAGACTGGTCTCGAACTCCTGACCTTGTGATCCGCCAGCCTC
TGCCTCCCAAAGAGCTGGGATTACAGGCGTGAGCCACCGCGCTCGGCCCTTTGCATCAATTTCTACAGCTTGTTTTCT
TTGCCTGGACTTTACAAGTCTTACCTTGTTCTGCC/TTCAGATATTTGTGTGGTCTCATTCTGGTGTGCCAGTAGCTAA

AAATCCATGATTTGCTCTCATCCCACTCCTGTTGTTCATCTCCTCTTATCTGGGGTCACA/CTATCTCTTCGTGATTGC
ATTCTGATCCCCAGTACTTAGCATGTGCGTAACAACTCTGCCTCTGCTTTCCCAGGCTGTTGATGGGGTGCTGTTCAT
GCCTCAGAAAAATGCATTGTAAGTTAAATTATTAAAGATTTTAAATATAGGAAAAAAGTAAGCAAACATAAGGAACAA
AAAGGAAAGAACATGTATTCTAATCCATTATTTATTATACAATTAAGAAATTTGGAAACTTTAGATTACACTGCTTTTA
GAGATGGAGATGTAGTAAGTCTTTTACTCTTTACAAAATACATGTGTTAGCAATTTTGGGAAGAATAGTAACTCACCC
GAACAGTG/TAATGTGAATATGTCACTTACTAGAGGAAAGAAGGCACTTGAAAAACATCTCTAAACCGTATAAAAAC
AATTACATCATAATGATGAAAACCCAAGGAATTTTTTTAGAAAACATTACCAGGGCTAATAACAAAGTAGAGCCACAT
GTCATTTATCTTCCCTTTGTGTCTGTGTGAGAATTCTAGAGTTATATTTGTACATAGCATGGAAAAATGAGAGGCTAGT
TTATCAACTAGTTCATTTTTAAAAGTCTAACACATCCTAGGTATAGGTGAACTGTCCTCCTGCCAATGTATTGCACATT
TGTGCCCAGATCCAGCATAGGGTATGTTTGCCATTTACAAACGTTTATGTCTTAAGAGAGGAAATATGAAGAGCAAAA
CAGTGCATGCTGGAGAGAGAAAGCTGATACAAATATAAAT/GAAACAATAATTGGAAAAATTGAGAAACTACTCATT
TTCTAAATTACTCATGTATTTTCCTAGAATTTAAGTCTTTTAATTTTTGATAAATCCCAATGTGAGACAAGATAAGTATT
AGTGATGGTATGAGTAATTAATATCTGTTATATAATATTCATTTTCATAGTGGAAGAAATAAAATAAAGGTTGTGATGA
TTGTTGATTATTTTTTCTAGAGGGGTTGTCAGGGAAAGAAATTGCTTTTT

SNPs 1 / 300 bases



Christensen and Murray, N Engl J Med 2007; 356:1094-1097.

Mapping the Relationships Among SNPs
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Christensen and Murray, N Engl J Med 2007; 356:1094-1097.

Mapping the Relationships Among SNPs



Christensen and Murray, N Engl J Med 2007; 356:1094-1097.

One SNP May Serve as Proxy for Many



Progress in Genotyping Technology
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Cost/SNP

$1 million500,000

$20 billion10,000,000

Cost/StudyNumber of 
SNPs

Cost of a Genome-Wide Association Study 
in 2,000 People



GWA Genotyping Data, Chromosome 22, 
Parkinson’s Study

rs2236639 rs5747620

GGCTCase41

GGCTCase20

GGTTCase14

GACTControl665
GGCCControl592

GGCTControl412 

Allele 2Allele 1Allele 2Allele 1

Case/
Control 
Status

Study 
ID

http://ccr.coriell.org/ninds/



Association of rs2236639 Alleles with Development of 
Parkinson Disease (Made Up!)

1,00095050Total

92088040Absent

807010Present

TotalDo Not Develop          
Disease

Develop 
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12.5%

=
40/920
10/80
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Risk in Unexposed

Risk in Exposed
Relative Risk =



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

P Values of GWA Scan for Age-Related 
Macular Degeneration



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

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



Libioulle C et al, PLoS Genet; 2007 Apr 20;3(4):e58.

Genome-Wide Scan for Crohn Disease in 
Belgian Cases and Controls



Sladek R et al, Nature 2007; 445, 881-885.

Genome-Wide Scan for Type 2 Diabetes in 
French Case-Control Study



WTCCC, N ature 2007; 447:661-678.

Wellcome Trust Genome-Wide Association 
Study of Seven Common Diseases



Hunter DJ et al, Nat Genet 2007; 39:870-874.

Genome-Wide Scan for Breast Cancer in
Postmenopausal Women



McPherson R et al, Nature 2007; 316:1488-1491.

Genome-Wide Scan for Coronary Heart 
Disease in Ottawa Case-Control Study



Dunckley T et al, N Engl J Med 2007; 357:775-788.

Genome-Wide Scan for Sporadic 
Amyotrophic Lateral Sclerosis



Gudmundsson J et al, Nat Genet 2007; 39:631-637.

Genome-Wide Scan for Prostate Cancer



Hunter DJ et al, Nat Genet 2007; 39:870-874.

Association Analysis of SNPs across FGFR2



Courtesy, F. Collins



Lessons Learned from Initial GWA Studies

Signals in Gene “Deserts”

CDKN2A/2BDiabetes, CHD, Melanoma

IL23RCrohn’s Disease, Psoriasis
PTPN2Crohn’s Disease, T1DM

8q24 regionProstate, Breast, Colon Cancer

Signals in Common
5p13.1, 1q31.2, 10p21Crohn’s Disease

8q24Prostate Cancer



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…”



Unique Aspects of GWA Studies
• Permits examination of inherited genetic 

variability at unprecedented level of resolution
• Permits "agnostic" genomewide comparison 
• Most robust associations in GWA studies have 

not been with genes previously suspected of 
being related to the disease 

• Some associations in regions not even known 
to harbor genes 

“The chief strength of the new approach also contains 
its chief problem: with more than 500,000 comparisons 
per study, the potential for false positive results is 
unprecedented.”

N Engl J Med 2007; 357:436-439.



Chanock et al, Nature 2007; 447:655-660.



Flow of Investigation: From Genome-Wide 
Association to Clinical Translation

Sequencing/Genotyping

Functional Studies

Translational Studies

COMPONENT PERCENT

12-15

10-12

5-10
5-10

5-10

Initial Genome-Wide
Association (GWA) Studies

30-40

Replication/Fine Mapping 12-15
Data Analysis

Database



Availability of GWA Data in NIH Databases: 
Current

• Database of Genotype and Phenotype 
(dbGaP): 
http://www.ncbi.nlm.nih.gov/sites/entrez?db=g
ap

• Cancer Biomedical Information Grid (caBIG) 
and Cancer Genetic Markers of Susceptibility 
(CGEMS): 
https://caintegrator.nci.nih.gov/cgems/



Possible Implications of Many Variants of 
Small Effect

• Need not carry all of them to develop disease
• Probably need to carry more than one, unless 

very strong environmental interaction
• Some may affect same pathways and be 

duplicative
• Others may affect different pathways, so 

some key combination(s) needed
• Should be possible to identify “clusters” of 

variants carried by different groups of cases
• May be possible to classify on molecular basis



“The more we find, the more we see, 
the more we come to learn.

The more that we explore, the more 
we shall return.”

Sir Tim Rice, Aida, 2000




