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How Did We Get Here?



April, 2003
April, 1953



WELCOME TO THE GENOME ERA



All of the original goals of the 
human genome project have 

been accomplished

• So, what’s next?



Glazier et al., Science 298:2345-9, 2002



Whole Genome Association 
Approach to Common Disease:

The 2002 View

• Identify all 10 million common SNPs

• Collect 1000 cases and 1000 controls

• Genotype all DNAs for all SNPs

• That adds up to 20 billion genotypes

•• At 50 cents a genotype,At 50 cents a genotype,thatthat’’ ss
$10 billion$10 billion for each diseasefor each disease



www.hapmap.org



Whole Genome Association 
Approach to Common Disease:

The 2007 View (The HapMap Era)

• Identify optimum set of ~500,000 (or 
more) variants

• Collect 1000 cases and 1000 controls
• Genotype all DNAs for all SNPs
• That adds up to 20 1 billion genotypes
•• And, a genotype now costs 50 cents And, a genotype now costs 50 cents 

1/12 of a penny, so that1/12 of a penny, so that’’ s abouts about
$10 billion $10 billion $800,000$800,000 for each diseasefor each disease



An Early Result from the HapMap: 
Age-Related Macular Degeneration

Using the same strategy, another 
major risk locus was identified 
(HTRA1).

Together these account for ~50% 
of risk, suggest AMD may be an 
inflammatory disease, and point 
to new approaches to prevention 
and treatment.Science 2005; 308:385-9

























Glazier et al., Science 298:2345-9, 2002



A Note

• Validated and replicated GWAS are a 
powerful source of information about 
genetic predisposition to disease

• However, they are even more powerful as 
a source of understanding about the basic 
biology of disease



Where Are We Headed?



GWAS Studies Are Great, 
But…

• So far, they do notexplain mostof 
heritability..

• Which means they are, at least so 
far, only a weak forecaster of 
individual genetic risk for disease



Where Is the Rest of Heritability?

• Common variants with smaller 
effect sizes?

• Rare variants, some with quite 
large effect sizes?

• Copy number variants?
• Epigenetics?
• Other?
• And, could we have overestimated 

heritability a bit?



Anything Else Going on in 
Genomics?

• A small sampling…



The 1000 Genomes Project

• Goal is to catalog human variants present at 
>1% (or, within genes, >0.5%) frequency.

• Will include not only SNPs, but also 
rearrangements, deletions, and duplications.

• In its production phase, will produce ~8.2 
billion bases/day (> two genomes/day).

• Samples from HapMap and extended 
HapMap set: Yoruba, Japanese, Chinese 
(Beijing and Denver), Maasai, Toscani, 
Gujarata Indian, CEPH, Mexican ancestry 
(L.A.), African ancestry (SW U.S.)



Encyclopedia of DNA Elements 
(ENCODE) Project



A Fun Fact: How Many Human 
Genes Do AllCurrent Drugs 

Target?

1) ~500 (2.5% of the genome)

2) ~1,000 (5%)

3) ~5,000 (25%)

4) ~10,000 (50%)

5) ~ 15,000 (75%)

6) ~20,000 (100%)  
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Chemical Genomics

• Offers academic researchers access to 
small organic molecules for use as 
chemical probes to study cellular 
pathways in greater depth

• Will help validate new targets for drug 
therapy more rapidly, and enable 
researchers in the public and private 
sectors to take these targets and 
compounds and move them into the 
drug-development pipeline



Chemical Genomics Works…April 2008Nature Medicine



The Cancer Genome Atlas



Nature advance online publication 4 September 2008





We Have Put Moore’s Law to Shame
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Where Are We Headed?




