
Are high-resolution, whole-
genome approaches the future of 

clinical  and cancer genetics?



Obviously – Yes!

• Why?
– The cost reduction of microarrays and whole 

genome sequencing will are making them 
more accessible for routine diagnostics 

– They have greater diagnostic power and will 
give definitive diagnoses in more cases.



E.G. Sequencing
• The Human Genome Project cost 

~USD3,000,000,000
– Illumina now offers a complete genome sequence 

from USD50,000
– Complete Genomics will offer a complete  genome 

sequence from USD5,000 in 2010
– These prices will continue to plumet until they are 

similar to a single gene test.
– Using barcoding, single samples can already b 

processed for under $400 in sequencing costs
– There are now an estimated 50 complete human 

genome sequences



Cost of the Human Genome 
Project

19 F22s 
- 162M each

1.5 LHC particle accelerator
- 2000M

107 F18 Hornets
- 28M each

3000M over 15 years
1000M from the DOE
2000m from the NIH



TADA!!

2001
The HGP consortium 

publishes its working 
draft in Nature (15 
February), and Celera 
publishes its draft in 
Science (16 February).

One composite human 
genome = USD300 
million



A Carrot

• The Archon X PRIZE for genomics –
USD10 million
– 100 human genomes
– 10 days
– <10K per genome



The Players



1. Genome is loaded into 
a PicoTiter™ plate

3. Load Reagents
in a single rack

4. Sequence Entire Genome 
at once, in real-time

2. Load PicoTiter 
plate into instrument

454 Sequencing Instrument Ease 
of Use





What most have in common 

• DNA amplifiction without bacterial cloning



Pacific Biosciences
Single Molecule Real Time (SMRT™) DNA Sequencing
20 zeptoliters (10-21 litres) reaction volume



Who has been sequenced 
sinced

• Craig Venter (3730xl 2007)
• James Watson (454 2008)
• An African (Illumina, 2008)
• An Asian (Illumina, 2008)
• Fibroblasts and blood from an AML patient 

(Illumina, 2008) 



More Genomes coming

• International Cancer Genome Consortium
www.icgc.org

– Australia, Canada, China, India, Singapore, the United Kingdom, 
the United States (the National Cancer Institute and the National 
Human GenomeResearch Institute) and the European 
Commission

– Coordinate the generation of comprehensive catalogues of 
genomic abnormalities (somatic mutations) in tumors in 50 
different cancer types and/or subtypes which are of clinical and
societal importance across the globe.

– a minimum of 500 unique cases for eachcancer type or subtype.
– Must have matched normal tissue
– A total of 50,000 genomes
– Funding?



More Genomes coming

• Complete Genomics
– Complete Genomics is offering a $5,000 genome as a 

service from Q2 next year.
– Over the next five years, Complete Genomics projects that 10 

such centers distributed throughout the world will be able to 
sequence 1 million complete human genomes for <$1,000 
each.

– Complete Genomics is offering a sequencing service instead 
of following the traditional instrument sales model, thus 
relieving its customers of operational, computational and 
capital purchase burdens, allowing them to focus their 
resources on scientific discovery

– Pacific Biosciences anticipates commercializing single 
molecule a next-generation sequencer by 2010.

– Pacific Biosciences anticipates having a 15-minute human 
genome by 2013. 



Mol Path in 10 Years
• Routine diagnosis in 10 years time will mainly be 

performed by high-throughput sequencing
• There will be 4 levels of integrated analysis

– Expression profiling will be routinely performed
– Whole genome epigenetic profiling will be feasible 
– Whole germline and somatic genomes will be determined for 

individual patients for under $1000
– Paired end tagged sequencing will partially replace traditional 

karyotyping

• Single cell and single molecule analyses will be possible



Major Challenges 

• Interpretation
• Computing
• Bioinformatics



Why Do Genetic Testing
• Definitive diagnosis
• Prognostic information
• Treatment options
• Family planning

• Increasing complications
– Phenotypic variability
– Unknown pathological significance
– Increased evidence of high frequency of de novo mutations
– Possible chimerism
– Possible role of de novo mutation 



Definitive diagnosis



Next Gen in Diagnosis



Next Gen in Diagnosis





Not Enough or Too much 
Information?

• Use of these technologies will require changes 
in the practice of clinical genetics
– Consent for testing will need to cover the potential of 

unexpected findings? E.g. a microdeletion causing 
congenital defects and a potential for cancer 
predisposition, but this is already done for Down 
syndrome

– Consent may have to include that only a small 
amount of genetic information should be reported on? 
e.g.. only genes with known single gene disorders, no 
reporting on complex diseases of little prognostic 
value 



Not Enough or Too much 
Information?

• Use of these technologies will require a 
change in the practice of clinical genetics
– That these tests may result in a lack of 

definitive diagnostic and prognostic 
information will need to be carefully explained 
on consent and test results. Can only report 
what we know?

– How does the health care system handle 
potential increased clinical load?



Summary



Definitive diagnosis and 
Prognosis?



Oncogenomics

• Small DNA sequence abnormality
– importance of recurrent genetic lesions

• Copy number variation (cytogenetics)
• Structural aberrations (cytogenetics)
• Epigenomic modification

– Methylation
– Histone modification

• Transcriptional alterations



Personalized Cancer Medicine

Methylation
EpiPanel

Genotyping 
Oncomutation Panel

Gene Expression

Copy Number Analysis

Identify patterns of genes 
associated with the 
development of specific 
cancers

Study how genetic variations 
that change protein function 
cause cells to function 
abnormally

Investigate how those 
changes are further affected 
by lifestyle behaviors and 
environmental factors

Develop biomarkers to 
measure changes in protein 
and cellular function 
associated with specific 
cancers

Monitor cellular function to 
detect pre‐cancerous 
changes

Use genetic profiles to 
identify subsets of cancer 
types that define prognosis

Choose targeted therapies 
based on cancer type and 
the individual biological 
profile

Use biospecimen tests and 
imaging techniques to refine 
treatment

Research/Diagnostic                   Diagnostic                 Clinical



Science, 2008

NEJM, 2009



Oncogenomics

• Small DNA sequence abnormality
– importance of recurrent genetic lesions

• Copy number variation (cytogenetics)
• Structural aberrations (cytogenetics)
• Epigenomic modification

– Methylation
– Histone modification

• Transcriptional alterations



Whole Genome Sequencing
(WGS)



Flow Chart of Filters used to identify somatic point 
mutations in AML tumour genome

84%
seq errors

97.6%
germline
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1 / 331,000

Nature 456:66 2008



Rare

Or

passenger
mutations
(not driver)



Whole Genome Sequencing
(WGS)



Nature 456:66 2008



Flow Chart of Filters used to identify somatic point 
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When shouldn’t you have your 
genome sequenced or… over 

interpreted?
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