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Disclaimers:

1) The views presented here are my own 
and do not in any way represent my past 
or present employer(s).

2) I have a modest financial stake in a 
personal genomics company

3) I’m Australian and all Australians are 
criminals by descent 
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My Background
• Ph.D. C.S  [ Genome mapping ]

• Post doc  [Human genome project]

• Director of Informatics [Biotech/pharma] 

• Head of Informatics [Bio energy genomics]

• Director of Research [Personal Genomics]

• Principal Scientist        [Bio energy]

http://tinyurl.com/2528xrx
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State of the Science
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sequence genome

(HGP)
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500K SNPs < $500

$

Better Medicine

Sample common human
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Pace of research 
into variation

Pitiful understanding
of impact of variation

Analytic validity

“You can’t 
handle the truth”

Employment
Discrimination

Healthcare
Discrimination
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Full Genome Sequencing
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Full body CT scan
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story

Small effect sizes Clinical utility:
No treatment available

“Just take a family 
history”

Science “not ready”

Numeracy

Indifference

Interactions
Clinical validity

Human Genome Turns 10



Human Genetic Variation

• Mostly talking today about: 
Single Nucleotide Polymorphisms 
= SNPs or “snips”

• Other types of variation exist

TATCTACATCTACTTATCTATCTGACGGCTATAC…

TATCTACATCTACTTATCTATCTGATGGCTATAC…



SNPs

• Most SNPs have no (known) effect

• The vast majority are unassociated with any 
disease/trait/characteristic [phenotype]

• Some SNPs have been shown to affect a 
phenotype through statistical association



Example Trait: Caffeine Metabolism

https://www.23andme.com/you/journal/pre_caffeine_metabolism/overview/
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More Complex Traits
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Potential Problems
• Technical

– Original research on the association 1/3 scientific results contradicted
– Error in Curation of SNP/ literature DTC firms add value here
– Genotyping error Concordance extremely high  > 99%
– Genotype chip design problem Large populations help with Curation
– Software quality Algorithms should be disclosed
– Data handling steps Need strong operational expertise
– Sample handling problems Occurred recently for 23andMe
– Incomplete genotyping Platforms will need to move to whole 

genome sequencing

• Customer issues
– Understanding environment vs genetic risk Users mostly get genes ≠ destiny
– Relative vs. absolute risk 1% lower risk could still be very high
– Incomplete information Unexplained genetic variation
– Lack of follow through with professional No light weight way to get counseling
– Not understanding limits of current research
– Numeracy Need to provide simple interpretation
– Scientific literacy Target very simple reading level
– Follow up testing Connect users with diagnostic services

• For comparison
– The Hepatitis C antibody test has a 15%‐60% false positive rate in populations where 

prevalence is < 10%.



The Business 
Motivation



Good overview of how one (atypical) 
genome user is applying their genetic data

http://www.wired.com/magazine/2010/06/ff_sergeys_search/all/1

• Not simply a financial 
proposition

• Degree of idealism and
frustration with pace of
research and medical
innovation

• Research 2.0, 
Health 2.0 etc.



Business Model
• Customers

– Pay $25 ‐ $1000 to DTC service, receive sample collection , send saliva to CLIA lab

– Receive raw genotype, access to curated literature and interpretation of genotype

• CLIA lab 
– Generates genotype service of unnamed sample, destroys sample, sends 

genotype to DTC firm.

• DTC firm
– Pairs genotype data with customer account

– Processes genotype data

– Curates literature

– Provides interpretation of genotype in context of literature

– Provides results of complex algorithms analyzing whole genotype or groups of 
SNPS

– Some provide social networking services, ancestry features,  connections with 
counseling services,  perform original research

– Develop drugs?



Other sources of revenue?
• Pharmaceutical companies could

– Buy population frequency data

– Buy or sponsor research results

– Recruit patients

• Academics or Research Foundations could
– Outsource research [e.g. Parkinson's Inst. & 23andMe]

– Recruit patients

• Long term?
– Provide medical diagnostic services to health care 
providers



23andMe Original Research 

http://spittoon.23andme.com/2010/06/22/23andme-and-a-new-paradigm-for-research/
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� Large scale
� Enabled by web
platform



Web driven research works,
Published, Peer reviewed results

http://www.plosgenetics.org/article/info%3Adoi%2F10.1371%2Fjournal.pgen.1000993

• Replicated known results

• Discovered additional
associations

• Raised issues around IRB
review and consent 



Are DTC services medical in nature?
• Copious disclaimers saying no.

• … does not provide medical advice, diagnosis or treatment.

• Description of What the Services Are Not: We Do Not Provide Medical 
Advice, And The Services Cannot Be Used For Health Ascertainment or 
Disease Purposes 

• What you see here are not the results of a diagnostic test. These are 
the results of calculations comparing your genetic sequence to 
sequences of participants in studies published in the world literature on 
genetic risk for these diseases.

• Official skepticism
• Frankly, it blows my mind that someone would be saying that looking at 

whether you are going to get multiple sclerosis is recreational," says a New 
York official who spoke on condition of anonymity. Forbes 4/17/2008 

• Action by New York, California officials forced CLIA lab certification

• Current investigation by FDA claiming DTC services are medical devices



Regulation is Well Intended but …
Not Clear they were doing their Homework

http://sandberghans.blogspot.com/
1999_08_01_archive.html

California requires
genetic tests be performed
in CLIA certified labs



Pathway Genomics Markets 
through Walgreens

• “Home brew” or Test Kit?

• Single entity developer/provider tests
are more lightly regulated as home brews

• Pathway genomics became a test kit 
provider by attempting to sell through 
Walgreens and attracted FDA scrutiny

• Now other DTC firms are under
investigation



FDA subpoena



23andMe mis‐tracks 96 samples

http://valleywag.gawker.com/5558355/family-terror-over-faulty-genetic-tests

• CLIA lab mis handled a plate
of customer samples

• Was quickly (< 2 days) detected
and corrected

• Some user distress

• High information content
makes detection easy 
c.f 96 mixed cholesterol samples

• New measures in place to
prevent this

• Incredibly bad timing



The Consumer Experience



Interpretation process
• What is the trait ?

• What is my “score” ?

• What were the alternatives?

• Did I win/lose?

• Is it applicable to me? 
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• Here I am typical

• I guess I would
prefer decreased
sensitivity



Typical Again.. 

• This time not
so great..

• Report greatly
simplifies application
of research but
still very complicated

• DTC companies want
to responsibly provide
a lot of information

• Possibly inhibits ease of
understanding for 
less sophisticated users
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My “Scorecard”



“You Can’t Handle the Truth”

• Randomized trial of 206 asymptomatic adult children of people with AD, 
160 of whom went on to be tested

• Motivation
– 93.9% contribute to research
– 87.4% arrange personal affairs
– 86.8% hope that an effective treatment will be developed

• Best predictor of pursuit of testing, was strong endorsement of need to 
prepare family

Reasons for seeking genetic susceptibility testing among 
first‐degree relatives of people with Alzheimer disease
Roberts J, et al. Alzheimer Dis Assoc Disord. 2003 Apr‐Jun;17(2):86‐93. 

Argues strongly in favor of scientific testing of assumptions about people’s 
behaviour e.g Scripps/Navi/Microsoft/Affy longitudinal study



Final Thoughts

• Do I have a fundamental right to read my DNA?

• DTC genomics poses a huge conflict of interest for the 
medical, ethics and business communities

• Will an imperfect solution be tolerated?

• Encouraging innovation towards more complete 
medical risk models might be safer than the current 
ambiguous situation

• Web driven research could dramatically speed genetic 
research

http://tinyurl.com/2528xrx
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