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WELCOME TO THE GENOME ERA



New Approaches to Understanding 
Rare Disease Etiology

• Now that we have more tools to do so, 
should we reorient our thinking from: 

Phenotype Biological Causation

• To:

Biological Causation Phenotype



New Approaches to Understanding 
Rare Disease Etiology

Nature Genetics; April 2008:443-448



New Approaches to 
Understanding Etiology

• ENCODE 
(ENCyclopedia Of DNA Elements) 
– There is more to the genome than our 

exons, and thus more mechanisms for 
genetic misadventure – e.g., copy number 
variation, epigenetic phenomena

– We likely still have not fully catalogued 
these mechanisms, let alone searched for 
their roles in causing rare diseases



New Approaches to 
Understanding Etiology

• Might genome-wide association 
studies (GWAS) be of any help?
– Allow an “agnostic” approach to etiology
– Used, so far, in common diseases; but, 

could similar approaches help discover
• Etiology of rare diseases, if sufficient well-

phenotyped cases are amassed by research 
networks?

• Modifier genes for “single gene” (is there 
really such a thing?) disorders?



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
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Manolio, Brooks, Collins, J. Clin. Invest.; 2008

February 2008 



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



New Approaches to 
Understanding Etiology

• E.g., use of large-scale sequencing 
capability to do such things as:
–Aid researchers who have mapped  

Mendelian disorders to intervals of < ~10 Mb
–Resequence each exon on the X-chromosome 

of individuals with any of the >100 mapped, 
but uncloned, X-linked human diseases

–Analysis of DNA samples from rare  
recessive or new dominant lethal disorders



New Approaches to Diagnosis

• Not truly new; e.g., array CGH

• Next stop: high-throughput 
genotyping and sequencing

• What happens when the entire 
genome of a newborn with question of 
a rare disease can be fully sequenced 
for less than the cost of one day’s 
hospital stay …



New Approaches to Therapeutics

• Might genomic tools and approaches 
help find therapies for rare, single-
gene disorders, making stories like 
that of losartan in Marfan syndrome 
much more common?



Among Them All, How Many 
Human Genes Do Current Drugs 

Target?

• ~500 (2.5% of the genome)
• ~1,000 (5%)
• ~5,000 (25%)
• ~10,000 (50%)
• ~ 15,000 (75%)
• ~20,000 (100%)  



Among Them All, How Many 
Human Genes Do Current Drugs 

Target?

•• ~500 (2.5% of the genome)~500 (2.5% of the genome)
• ~1,000 (5%)
• ~5,000 (25%)
• ~10,000 (50%)
• ~ 15,000 (75%)
• ~20,000 (100%)  



Recent Developments in Biology 
and Chemistry Enable  
“Chemical Genomics”

Combinatorial 
Chemistry

Compound
Availability

Robotic 
TechnologyHGP

Availability of 
targets

Availability of 
screening

Availability of 
compounds 

Public sector screening 
and chemistry initiative



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 through 
the drug-development pipeline



The Future Is Now…NCGC and the 
Molecular Libraries Network

10 Oct 2003
Vol. 302 Science

18 June 2004
Vol. 304 Science



The Future Is Now 
April 2008
Nature Medicine



The Future Is Now
• NCGC is currently working with 

Forbes (Denny) Porter at NICHD on 
an assay for Smith-Lemli-Opitz 
syndrome, to identify compounds that 
act as protein chaperones for DHCR7, 
mutated in SLO.



New Research Collaborations
• Researchers can take advantage of 

new genomic tools/approaches to 
understand and treat rare and orphan 
diseases.

• This will usually occur most 
effectively and expeditiously if 
researchers are acutely aware of 
progress in genomics and/or cultivate 
working relationships with those 
savvy about such tools.
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