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13 year-3 billion dollar 
project to map the human 
genome

Tremendous expectations  
for new disease  cures and 
personalized medicine 
using  genomics



Lack of dramatic new 
discoveries up until this 
point has led many to ask 
the question if all the 
research effort and cost 
has been worth it?



We May Have Found the 
Language of Life, But Do We 

Know What it Means?



The understanding of the genome will improve 
as we better understand the significance of 
differences in DNA sequence  among people



�Will change the way we 
look at disease.

�Give us new insights into 
disease susceptibility.

�Lead to new treatments 
tailored to a specific disease 
or based on our personal 
genetic code.



�The tremendous 
improvement in DNA 
sequencing technologies that 
allowed whole genome 
sequencing. With increasing 
efficiency and decreasing 
cost.

�Changes in our understanding of disease and 
approach to treatment based on genomic 
information.



So How did we 

get there?



Sanger DNA Sequencing



Sanger Sequencing





Radiation Replaced by 
Fluorescent Nucleotides





Automated Sanger Sequencing



Next Generation Sequencing



Next Generation Sequencing













Sequencing Capacity



2001
Cost
$2 
Million



2010 Cost per 
Genome

Less than $1,000





So what have we learned?



We are All Mutants!!



The Human Genome Wins 
Again!

� It had been assumed that there would be a “normal”
or consensus sequence that would be the standard for 
comparison of human genomes.

� Deviations from this consensus could be the basis for 
disease or disease predisposition.

� It turns out that there are very significant differences 
in the genome sequence of all individuals.

� It is these differences that account for our genetic 
individuality.



Single nucleotide polymorphisms 
(SNPs)

DNA sequence variations that 
occur when a single nucleotide 
(A,T,C,or G) in the genome 
sequence is altered. For example 
a SNP might change the DNA 
sequence AAGGCTAA to 
ATGGCTAA.

SNPs occur every 100 to 300 
bases along the 3-billion-base 
human genome.



• 10 million SNPs 
across human genome

• Many biallelic (AA, AB, 
BB)

• Major contribution to 
genetic diversity, 
inherited disease and 
variants associated 
with common 
multifactorial
conditions

Single nucleotide polymorphisms 
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SNP Microarray

Patient profiles 
determine pattern of 
important SNPs





Alzheimer Disease and ApoE4
Apolipoprotein E   (Apo E) contains two SNPs that result in 3 

alleles (E2-E4). Each allele differs by one DNA base, and the 
protein product of each gene differs by one amino acid.

A person who inherits at least one E4 allele will have a greater
chance of developing Alzheimer's disease. Apparently, the 
change of one amino acid in the E4 protein alters its structure 
and function enough to make disease development more likely.  
Inheriting the E2 allele, on the other hand, seems to indicate 
that a person is less likely to develop Alzheimer's. 



Copy Number Variations 
(CNV)
� Used to be thought that we each carried two copies of 

genes-one from each of our parents

� Recent discoveries have revealed that large segments of 
DNA, ranging in size from thousands to millions of DNA 
bases, can vary in copy-number.  Such copy number  
variations  can be benign, but can encompass genes 
leading to dosage imbalances.

� 12% of the human genome is copy number variable.

� About 2900 genes, or 10% of total genes, are 
encompassed by these CNVs



Copy Number Variations 
(CNV)
�Each of us probably carries 10-20 or more 

CNVs.

�CNVs that are inherited from a healthy 
parent are considered to be benign (not 
always true).

�CNVs that are de novo are considered 
potentially pathologic.

�Disease is more likely if the CNV involves 
areas of known gene location





The variations seen in SNPs and in CNV are what 
accounts for the differences  among people.  This 
includes :

1.  Disease predisposition
2.  Drug response and metabolism

targeted therapy
pharmacodynamics
transcriptional profiling
toxicogenomics

3. Cancer
predisposition
drug dosing
micrometastasis







Predicting Drug Dosing

Dihydropyrimidine Dehydrogenase
(Degradation)

Thymidylate synthetase
(creates toxic metabolites)



Predicting Adverse Drug 
Effects

Stevens-Johnson Syndrome

� Variation in metabolism 
leads to overdose

• Amplified genes for pro-
drug conversion

• Mutated genes for drug 
breakdown or transport

• Variation in HLA binding 
leads to hyper-sensitive 
response
• Triggers massive immune 

response  
• Potentially severe or fatal



Cancer Whole-Genome Sequencing 
� Comparing normal and tumor 

DNA sequence and copy 
number reveals all genetic 
changes.

� Challenge is to discriminate 
key changes (drivers) from 
non-consequential changes.

� Washington University is 
sequencing 150 tumor-normal 
genome sets.

� The NCI Cancer Genome 
Anatomy Project is also 
combining large sequence, 
array, and outcome databases. 

Rick Wilson and Elaine Mardis
Washington University Genome Center
Photo: US News and World Report



Discovery of Disease Causing 
Genes

The ability to obtain DNA sequence information from 
groups of patients with similar physiologic features will 
allow elucidation of individual genetic disorders that have 
traditionally been “lumped” together.

Lumping delays discovery of disease genes since  different 
groups of patients will not have the same genetic 
alteration.

“Genome-first” approach-”Reverse Genetics”



Classical Pathway for Gene 
Discovery

CLINICAL PHENOTYPE

PHYSIOLOGIC CHARACTERISTICS

GENE DEFECT



GENE DEFECT

PHYSIOLOGIC CHARACTERISTICS

CLINICAL PHENOTYPE



Reverse Genetics:
Dystrophin Gene 
in Duchenne and 
Becker Muscular 
Dystrophy





Genetics & IVF Institute

Autistic Spectrum Disorders
�Complex, behaviorally defined disorder

�Believed to affect 1/150 children

�Male:female ratio is 3:1

�Characterized by impairment of 
�Social Interaction

�Language, communication and imaginative 
play

�Range of interests and activities



Autistic Spectrum Disorders
Extremely heterogeneous  group of disorders:
� Classical Autistic disorder
� Asperger syndrome
� Disintegrative disorder
� PDD-NOS Pervasive developmental disorder-otherwise 

not specified
� Rett syndrome
� Fragile X syndrome



Autistic Spectrum Disorders
A number of “autism genes” have been discovered, however 

each involves only a small group a patients.

This is a reflection of genetic heterogeneity—Autism or ASD 
are not a single disorder but multiple conditions with similar 
clinical features.

Recent study from Signature Genomics reports significant 
CNVs in 11.6% of patients with ASD.

Genome first approach will “un-lump” the various conditions 
that we now consider ASD





Food for Thought
� Within several years, whole  genome sequencing 

will cost about as much as a single genetic test 
today.

� Who will provide sequencing for the general 
population?

� Who will interpret the sequencing results?



Thank You!Thank You!Thank You!Thank You!


