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Personalized genomics 

http://www.growthcentre.ac.nz/uoa/nrcgd


What is “Personalized genomics”? 

• wikipedia 

The branch of genomics concerned with the sequencing 
and analysis of the genome of an individual.  

Includes single-nucleotide polymorphism (SNP) 
analysis (typically 0.02% of the genome), or partial or 
full genome sequencing.  

Once the genotypes are known, the individual's 
genotype can be compared with the published 
literature to determine likelihood of trait expression and 
disease risk. 

Nebert & Zhang (2012) Science 337:910  

http://en.wikipedia.org/wiki/Genomics
http://en.wikipedia.org/wiki/DNA_sequencing
http://en.wikipedia.org/wiki/Bioinformatics
http://en.wikipedia.org/wiki/Single-nucleotide_polymorphism
http://en.wikipedia.org/wiki/Single-nucleotide_polymorphism
http://en.wikipedia.org/wiki/Single-nucleotide_polymorphism
http://en.wikipedia.org/wiki/Full_genome_sequencing


• wikipedia 

The application of personalized genomics will bring about the 
customization of healthcare with decisions and practices being tailored to 
the individual patient by use of genetic or other information. 

In simple terms? 



Doctors usually started with standard doses, and then observed how patients 
responded. If necessary, doctors changed the doses or drugs by a "trial and 
error" process. 
 

One size fits all? 



http://www.nigms.nih.gov/Research/FeaturedPrograms/PGRN/Background/FactSheet.htm 

http://www.medindia.n
et/news/Off-label-
Marketing-of-
Medicines-83315-
1.htm 

More Accurate Dosing 
Instead of basing a starting dose only on characteristics 
like weight and age, doctors will use a patient's genetic 
profile to determine the best drug and the optimal dose.  

http://www.hiv.va.gov/ 

New, More Targeted Drugs 
Companies will be able to develop and market drugs and test 
kits for people with specific genetic profiles. Testing a drug 
candidate only in those likely to benefit from it could streamline 
clinical trials and speed the process of getting a drug to market. 

http://www.valuewalk.com/2011/09/real-reason-healthcare-inflation/ 

Improved Health Care 
Doctors will be able to prescribe the right dose of the 
right medicine the first time for everyone. This means 
that patients would receive medicines that are safer 
and more effective for them, speeding recovery, 
avoiding adverse reactions. 



The revolution 

Parkinson & Ziegler (2009) Clinical Pharmacology & Therapeutics 86(1):23-25 

New genomics technologies will characterize patients biologically 
in ways that will drive more efficient and effective treatment. 



http://en.wikipedia.org/wiki/Tank_Man 

The introduction of these technologies is disruptive to current practices, 
regulatory and reimbursement strategies. 

The problem with revolutions 



Everyone can benefit from taking control of his or her health in order to 
achieve the best possible health future. Knowing your level of genetic 
predisposition toward developing particular conditions can help both you 
and your children live healthier and longer lives. 

we strongly recommend that you do this under the guidance of a 
genetic counselor for BOTH pre and post-test counselling 



•Immune System 
•Lupus 
•Graves' disease 
•Celiac disease 
•Multiple sclerosis 
•Psoriasis 
 
•Cardiovascular 
Conditions 
•Aneurysm 
•Atrial fibrillation 
•Heart disease 
•Peripheral arterial disease 
•Venous thromboembolism 
 
 

•Ageing 
•Macular degeneration 
•Alzheimer's disease 
•Osteoarthritis 
•Rheumatoid arthritis 
 
•General Health 
•Obesity 
•Migraine 
•Type 1 diabetes 
•Type 2 diabetes 
 
 
 
 
 

•Cancers 
•Bladder cancer 
•Breast cancer 
•Colorectal cancer 
•Gastric cancer 
•Lung cancer 
•Prostate cancer 
•Skin cancer 
 
 

http://www.easydna.ch/health-dna-testing/lupus.html
http://www.easydna.ch/health-dna-testing/lupus.html
http://www.easydna.ch/health-dna-testing/graves-disease.html
http://www.easydna.ch/health-dna-testing/celiac-disease.html
http://www.easydna.ch/health-dna-testing/multiple-sclerosis.html
http://www.easydna.ch/health-dna-testing/psoriasis.html
http://www.easydna.ch/health-dna-testing/aneurysm.html
http://www.easydna.ch/health-dna-testing/atrial-fibrillation.html
http://www.easydna.ch/health-dna-testing/heart-disease.html
http://www.easydna.ch/health-dna-testing/peripheral-arterial-disease.html
http://www.easydna.ch/health-dna-testing/venous-thromboembolism.html
http://www.easydna.ch/health-dna-testing/macular-degeneration.html
http://www.easydna.ch/health-dna-testing/alzheimer-disease.html
http://www.easydna.ch/health-dna-testing/osteoarthritis.html
http://www.easydna.ch/health-dna-testing/rheumatoid-arthritis.html
http://www.easydna.ch/health-dna-testing/obesity.html
http://www.easydna.ch/health-dna-testing/migraine.html
http://www.easydna.ch/health-dna-testing/type-1-diabetes.html
http://www.easydna.ch/health-dna-testing/type-2-diabetes.html
http://www.easydna.ch/health-dna-testing/bladder-cancer.html
http://www.easydna.ch/health-dna-testing/breast-cancer.html
http://www.easydna.ch/health-dna-testing/colorectal-cancer.html
http://www.easydna.ch/health-dna-testing/gastric-cancer.html
http://www.easydna.ch/health-dna-testing/lung-cancer.html
http://www.easydna.ch/health-dna-testing/prostate-cancer.html
http://www.easydna.ch/health-dna-testing/skin-cancer.html


The first wave: the science 

http://www.telegraph.co.uk/culture/photography/4838814/Images
-that-show-the-inside-of-breaking-waves.html 



The beginnings 

1944 Avery, MacLeod, McCarty 
DNA is molecule of inheritance 

1865 Gregor Mendel  
 Inheritance 

1869  Friedrich Miescher 
 DNA 

1910 Thomas Hunt Morgan 
 Genes are on Chromosomes 



1953: The structure of DNA 

Cold Spring Harbor Laboratory Archives, New York  



tRNA: the adapter 



The genetic code 



6 

- 

+ 

T C A A A T G C A T 

.....TCAAGCATCAGTTTACGTAAGCT.... Template 

A G C T  Deoxy nucleotides  
  Dideoxy nucleotides 

AGTTCGTAGTC 

AGTTCGTAGTCAA 
AGTTCGTAGTCA 

AGTTCGTAGTCAAA 
AGTTCGTAGTCAAAT 

AGTTCGTAGT 
T 

AGTTCGTAGTCAAATGC 
AGTTCGTAGTCAAATGCA 
AGTTCGTAGTCAAATGCAT 

AGTTCGTAGTCAAATG 

ARGON LASER 

Filter Wheel CCD camera 

DNA Sequencing 

AGTTCGTAG Primer 



Draft Human Genome 
2002 



http://www.genome.gov/sequencingcosts/ 

 coverage 
Sanger-based sequencing (average read length=500-600 bases): 6X  
454 sequencing (average read length=300-400 bases):   10X 
Illumina and SOLiD sequencing (average read length=50-100 bases):  30X 



Data overload 
+ 

Information 
science 

 =   Bioinformatics  

Lathe et al. Nature Education 1(3): 



Bioinformatics: Data to Knowledge 

Data Generating Tools eg DNA and protein sequencing 

Bioinformatics -- an array of analytical tools 

Data Information Knowledge 

Data Mining Hypothesis testing 



ajdlikpelieopnynjkyahskdwhilesittinginlabtheotherdayadiscussionbro
keoutabouttheeffectsofalcoholonbraincellssomeoneobservedthateven
thoughalcoholsupposedlykillsbraincellsmoderateintakehelpsperforma
ncethisturnedouttobeafairlycommonphenomenonsincewehadbeenstu
dyingevolutionwestartedtheorizingaboutdifferentmechanismsofhowex
actlythisworkswecameupwiththenaturalselectionmechanismthenatural
selectiontheorystatesthatdrinkingalcoholkillsofftheweakoldandslowbr
aincellsleavingonlythemorefitandeffectiveonesinordertotestthishypoth
esismorefieldstudywillhavetobedonesuchisthepriceofscienceajdlikpeli
eopnynjkyahskd 

Bioinformatics 



 
Someone observed that, even though alcohol supposedly kills brain 
cells, moderate intake helps performance.  
 
Since we had been studying evolution, we started theorizing about different 
mechanisms of how, exactly, this works. We came up with the "natural 
selection" mechanism.  
 
The natural selection theory states that drinking alcohol kills off the 
weak, old, and slow brain cells, leaving only the more fit and effective 
ones.  
 
In order to test this hypothesis more "field study" will have to be done... such is 
the price of science. 
 



The human genome contains 
fewer genes than expected 

20,000-
25,000 

26,000 19,000 13,000 6,000 4,000 



The second wave: bringing clincal 
meaning to the new biology  

http://theterramarproject.org/thedailycatch/ocean-waves-are-
always-there/ 



Translation HTS requires 

• Who? 

Roychowdhury et al., 2011 Sci Transl Med  doi:10.1126/scitranslmed.3003161 

http://piggybankblog.com/2011/12/30/bofa-news-today-2/confusion/ 

• How? 

• Consent 

• Selection 

• Completion 

http://cybernations.wikia.com/wiki/File:People-out-persp.gif 



Arises from diverse genetic alterations including nucleic acid substitutions, gene 
fusions and rearrangements, amplifications and deletions, and other aberrations that 

perturb gene expression 

Cancer 

http://www.funscrape.com/Search/1/skin+cancer.html 

http://www.healthgiants.com/2010/05/11/diagnosis-and-treatment-of-liver-
cancer/ 



Corless (2011) Sciecne 334(2 December) 1217:1218 



Roychowdhury et al. Sci Transl Med. 2011 November 30; 
3(111): 111ra121. doi:10.1126/scitranslmed.3003161. 



How? 

Roychowdhury et al. Sci Transl Med. 
2011 November 30; 3(111): 111ra121. 
doi:10.1126/scitranslmed.3003161. 



How? 

Roychowdhury et al. Sci Transl Med. 2011 November 30; 
3(111): 111ra121. doi:10.1126/scitranslmed.3003161. 





Selection 

The Cancer Genome Project: Wellcome trust Sanger institute. 
http://www.sanger.ac.uk/genetics/CGP/Census/ 

 

Roychowdhury et al. Sci Transl Med. 2011 November 30; 
3(111): 111ra121. doi:10.1126/scitranslmed.3003161. 



US$3600 per patient 

Roychowdhury et al. Sci Transl Med. 2011 November 30; 
3(111): 111ra121. doi:10.1126/scitranslmed.3003161. 



The third wave: adoption of the new 
technology, education and 

communication   

http://kasamaproject.org/2011/11/21/occupy-everything-make-the-ripples-
build-for-waves/ 



Barriers 

The process of biomarker discovery and validation has been slow. 



Clinical and economic implications 

The Pharmacogenomics Journal (2012), 1–11 

Reduce the chance of adverse events, maximize the probability of better health 
outcomes and diminish costs. 

http://www.pharmainfo.net/reviews/role-pharmacogenomics-drug-development 



Economic 

1) Evidence that clinically and cost effective with or without companion 
diagnostics (e.g. warfarin) 
 

2) Does it really reduce costs? 
• individual tests cheap but overall costs high (e.g. Herceptin) 
• why should companies reimburse prophylactic tests that 

minimize the likelihood of conditions that occur later in life?  
 
3) Can we enforce standard protocols to ensure physicians use appropriate 
care? 
 
4) How do we prevent misuse test information 
 l 

 



•  30-50% of drugs in development have associated biomarker programme (2007)  
 

• <10% of drugs with biomarker Programme will be launched 
with companion diagnostic over next 5-10 years. 

    Why? 
   
 Insufficient understanding of molecular mechanisms 
 no large clinical need 
 Economic: will it generate greater value? 
   increase cost? 
   delay development? 
   increase size of trials? 
 
• Third or fourth generation drugs more likely as capture a niche market 
  = higher pricing, could generate value 

Why should I develop? 



Implications: Genetic 
Information Nondiscrimination 

Act (GINA) 
principle of genetic solidarity and altruism 

‘I get myself tested so that my results may help another affected 
by my disease or disease predispositions. 
Consequently, I will not get myself tested if it results in the loss of 
my (or even your) job, mortgage or health insurance. Under 
these circumstances, I will not be enthusiastic about blue-sky 
research.’ 



Can studies on genetic predisposition in 
groups be applied immediately to 

individuals? 

Alzheimer disease variant carries a mean odds ratio of 1.25 (Nat. 
Genet. 39, 17–23; 2007)) 
 
Is 25% extra risk of common multifactorial disease an insignificant 
influence on their life?  
 
No, because at the individual level, you either get the disease, or you don’t.  
 
Variant will not act alone, either, but rather in the context of a genome full of other 
variants.  

Nature Genetics 2007 39(2):133 
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