GENETICS, ETHICS AND CLINICAL TRANSLATION
Summer Institute, June 22 - 25, 2010

Hotel Zuiderduin, Egmond aan Zee, The Netherlands

This four-day intensive course is designed for professionals actively involved in biobanking who want to
learn more about the ethical, legal and societal implications of the translation of epidemiological results
from genetic and genomic research to clinical practice.

The Summer Institute will offer insight about issues and solutions applicable to the field, and will give
participants the opportunity to actively interact with the lecturers through debates and working group
sessions. The course will total 17 hours of teaching and work group sessions.

Three main topics will be covered

= Introduction to translational research and ethical, legal and societal issues in biobanking
= The implications of genetic testing, personal genome and personalized medicine
=  Ways to handle the interface with stakeholders and society
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DNA

...agtcagatcgatcggctagcctagaatctgatcgattagtcgatctagctitatcgattcaagcactagctaaagagattagctagagtcagatcgatcggcetagcectagaatctgatcgattagtcgatctagcettta
tcgattcaagcactagctaaagagattagctagtagaatctgatcgattagtcgatctagctttatcgattcaagcactagctaaagagattagctagagtcagatgcattagtcgatctagctttatcgattcaagattca
agcactagctaaagagattagctagagtcagatgctaaagagataagcactagctaaagagattagctagagtcagatgctaaagagattagctaagctttatcgattcaagcactagctaaagagattagctagt
atagctgagtcagatcgatcggcatcgatcggctagectagaatctgatcgattagtcgatctagctttatcgattcaagcactagctaaagagattagctagtagaatctgatcgattagtcgatctagctttatcgtaaa
tctgatcgattagtcgatctagctttatcgattcaagcacactagctaaagagattagctagagtcagatgctaaagagattagctaagctttatcgattcaagcactagctaaagagattagctagtagaatctgateg
attagtcgatctagctttatcgtagcctagaatctgatcgattagtcgatcttctagctttatcgattcaagcactagctaaagatattatatataaagagattagctagagtcagatcgatcggcatcgatcggctagecta
gaatctgatcgattagtcgatcttctgatcggaagagtcagatcgatcggceatcgatcggcetagectagaatctgatcgattagtcgatctagagctttatcgattcaagcaaagcactagctaaagagattagctaga
gtcagatgctaaagagattagctaagctttatcgattcaagcactagctaaagagattagctagtactagctaaagagattagctagtagaaatcgatcggctagcctaggtagaatctgatcgattagtcgatctage
tttatcgattcaagcactagctaaatagattagctagagtcagatgctaaagagattagctacattagtcagagtcagatcgatcggcatcgatcggcetagcectagaatctgatcgattagtcgatctagagctttatcga
ttgatctagctttatcgattcaagcactagctaaagagattagctagagtcagatgctaaaattcaagcactagctaaagagattagctagagtcagatgctaaagagataagcactagctaaagagattagctaga
gtcagatgctaaagagattagctaagctttatcgattcattcaagcactagctaaagagattagctagagtcagatgctaaagagataagcactagctaaagaattcaagcactagctaaagagattagctagagtc
agatgctaaagagataagcactagctaaagagattagctagagtcagatgctaaagagattagctaagctttatcgattcaagcactagctaaagagattagctagtatagctgagtcagatcgatcggceatcgate
ggctagcctagaatctgatcgattagtcgatctagctttatcgattcaagcactagctaaagagattagctagtagaatctgatcgattagtcgatctagctttatcgtaaatctgatcgattagtcgatctagctttatcgatt
caagcagattagctagagtcagatgctaaagagattagctaagctttatcgattcaagcactagctaaagagattagctagtatagctgagtcagatcgatcggcatcgatcggetagectagaatctgatcgattag
tcgatctagctttatcgattcaagcactagctaaagagattagctagtagaatctgatcgattagtcgatctagctttatcgtaaatctgatcgattagtcgatctagctttatcgattcaagcaaagcactagctaaagaga
attcaagcactagctaaagagattagctagagtcagatgctaaagagataagcactagctaaagagattagctagagtcagatgctaaagagattagctaagctttatcgattcaagcactagctaaagagattag
ctagtatagctgagtcagatcgatcggcatcgatcggctagectagaatctgatcgattagtcgatctagctttatcgattcaagcactagctaaagagattagctagtagaatctgatcgattagtcgatctagctttate
gtaaatctgatcgattagtcgatctagctttatcgattcaagcaattcaagcactagctaaagagattagctagagtcagatgctaaagagataagcactagctaaagagattagctagagtcagatgctaaagagat
tagctaagctttatcgattcaagcactagctaaagagattagctagtatagctgagtcagatcgatcggcatcgatcggctagectagaatctgatcgattagtcgatctagctttatcgattcaagcactagctaaaga
gattagctagtagaatctgatcgattagtcgatctagctttatcgtaaatctgatcgattagtcgatctagctttatcgattcaagcaattcaagcactagctaaagagattagctagagtcagatgctaaagagataage
actagctaaagagattagctagagtcagatgctaaagagattagctaagctitatcgaticaagcactagctaaagagattagctagtatagctgagtcagatcgatcggceatcgatcggcetagectagaatctgate
gattagtcgatctagctttatcgattcaagcactagctaaagagattagctagtagaatctgatcgattagtcgatctagctttatcgtaaatctgatcgattagtcgatctagctttatcgattcaagcaattcaagcactag
ctaaagagattagctagagtcagatgctaaagagataagcactagctaaagagattagctagagtcagatgctaaagagattagctaagctttatcgattcaagcactagctaaagagattagctagtatagcetga
gtcagatcgatcggcatcgatcggctagectagaatctgatcgattagtcgatctagcetttatcgattcaagcactagctaaagagattagctagtagaatctgatcgattagtcgatctagetitatcgtaaatctgateg
attagtcgatctagctttatcgattcaagcattagctagtatagctgagtcagatcgatcggcatcgatcggctagectagaatctgatcgattagtcgatctagetttatcgattcaagcactagctaaagagattagcta
gtagaatctgatcgattagtcgatctagctttatcgtaaatctgatcgattagtcgatctagctttatcgattcaagcagagataagcactagctaaagagattagctagagtcagatgctaaagagattagctaagcttta
tcgattcaagcactagctaaagagattagctagtatagctgagtcagatcgatcggceatcgatcggcetagectagaatctgatcgattagtcgatctagctttatcgattcaagcactagctaaagagattagctagtag
aatctgatcgattagtcgatctagctttatcgtaaatctgatcgattagtcgatctagctttatcgattcaagcactagctaaagagattagctagtagaatctgatcgattagtcattcaagcactagctaaagagattage
tagagtcagatgctaaagagataagcactagctaaagagattagctagagtcagatgctaaagagattagctaagctttatcgattcaagcactagctaaagagattagctagtatagctgagtcagatcgatcgge
atcgatcggctagcctagaatctgatcgattagtcgatctagctttatcgaticaagcactagctaaagagattagctagtagaatctgatcgattagtcgatctagctttatcgtaaatctgatcgattagtcgatctagettt
atcgattcaagcagatctagctitatcgtctgatcgattagtcgatc ...




Gene

« Basic unit of heredity

« Sequence of DNA that encodes a protein
« Human DNA: 3.000.000.000 basepairs

« Human DNA: ~ 30,000 genes

» Average length: ~ 30,000 base pairs

» Genes make up < 1% of DNA

DMA Double Helix




Gene

...agtcagatcgatcggctagcctagaatctgatcgattagtcgatctagctitatcgattcaagcactagctaaagagattagctagagtcagatcgatcggcetagcectagaatctgatcgattagtcgatctagcettta
tcgattcaagcactagctaaagagattagctagtagaatctgatcgattagtcgatctagctttatcgattcaagcactagctaaagagattagctagagtcagatgcattagtcgatctagctttatcgattcaagattca
agcactagctaaagagattagctagagtcagatgctaaagagataagcactagctaaagagattagctagagtcagatgctaaagagattagctaagctttatcgattcaagcactagctaaagagattagctagt
atagctgagtcagatcgatcggcatcgatcggctagectagaatctgatcgattagtcgatctagctttatcgattcaagcactagctaaagagattagctagtagaatctgatcgattagtcgatctagctttatcgtaaa
tctgatcgattagtcgatctagctttatcgattcaagcacactagctaaagagattagctagagtcagatgctaaagagattagctaagctttatcgattcaagcactagctaaagagattagctagtagaatctgateg
attagtcgatctagctttatcgtagcctagaatctgatcgattagtcgatcttctagctttatcgattcaagcactagctaaaga agagattagctagagtcagatcgatcggcatcgatcggcetagecta
gaatctgatcgattagtcgatcttctgatcggaagagtcagatcgatcggceatcgatcggetagectagaatctgatcgattagtcgatctagagctttatcgattcaagcaaagcactagctaaagagattagctaga
gtcagatgctaaagagattagctaagctttatcgattcaagcactagctaaagagattagctagtactagctaaagagattagctagtagaaatcgatcggctagcctaggtagaatctgatcgattagtcgatctage
tttatcgattcaagcactagc tagagtcagatgctaaagagattagctacattagtcagagtcagatcgatcggcatcgatcggctagcctagaatctgatcgattagtcgatctagagctttatcga
ttgatctagctttatcgattcaagcactagctaaagagattagctagagtcagatgctaaaattcaagcactagctaaagagattagctagagtcagatgctaaagagataagcactagctaaagagattagctaga
gtcagatgctaaagagattagctaagctttatcgattcattcaagcactagctaaagagattagctagagtcagatgctaaagagataagcactagctaaagaattcaagcactagctaaagagattagctagagtc
agatgctaaagagataagcactagctaaagagattagctagagtcagatgctaaagagattagctaagctttatcgattcaagcactagctaaagagattagctagtatagctgagtcagatcgatcggceatcgate
ggctagcctagaatctgatcgattagtcgatctagctttatcgattcaagcactagctaaagagattagctagtagaatctgatcgattagtcgatctagctttatcgtaaatctgatcgattagtcgatctagetttatcgatt
caagcagattagctagagtcagatgctaaagagattagctaagctttatcgattcaagcactagctaaagagattagctagtatagctgagtcagatcgatcggcatcgatcggetagectagaatctgatcgattag
tcgatctagctttatcgaticaagcactagctaaagagattagctagtagaatctgatcgattagtcgatctagctttatcgtaaatctgatcgattagtcgatctagctttatcgattcaagcaaagcactagctaaagaga
attcaagcactagctaaagagattagctagagtcagatgctaaagagataagcactagctaaagagattagctagagtcagatgctaaagagattagctaagctttatcgattcaagcactagctaaagagattag
ctagtatagctgagtcagatcgatcggcatcgatcggetagecctagaatctgatcgattagtcgatctagctttatcgattcaagcactagctaaagagattagctagtagaatctgatcgattagtcgatctagctttate
gtaaatctgatcgattagtcgatctagctttatcgattcaagcaattcaagcactagctaaagagattagctagagtcagatgctaaagagataagcactagctaaagagattagctagagtcagatgctaaagagat
tagctaagctttatcgattcaagcactagctaaagagattagctagtatagctgagtcagatcgatcggcatcgatcggctagectagaatctgatcgattagtcgatctagctttatcgattcaagcactagctaaaga
gattagctagtagaatctgatcgattagtcgatctagctttatcgtaaatctgatcgattagtcgatctagctttatcgattcaagcaattcaagcactagctaaagagattagctagagtcagatgctaaagagataage
actagctaaagagattagctagagtcagatgctaaagagattagctaagctitatcgaticaagcactagctaaagagattagctagtatagctgagtcagatcgatcggcatcgatcggetagectagaatctgate
gattagtcgatctagctttatcgattcaagcactagctaaagagattagctagtagaatctgatcgattagtcgatctagctttatcgtaaatctgatcgattagtcgatctagctttatcgattcaagcaattcaagcactag
ctaaagagattagctagagtcagatgctaaagagataagcactagctaaagagattagctagagtcagatgctaaagagattagctaagctttatcgattcaagcactagctaaagagattagctagtatagcetga
gtcagatcgatcggcatcgatcggctagectagaatctgatcgattagtcgatctagetttatcgattcaagcactagctaaagagattagctagtagaatctgatcgattagtcgatctagetitatcgtaaatctgateg
attagtcgatctagctttatcgattcaagcattagctagtatagctgagtcagatcgatcggcatcgatcggctagectagaatctgatcgattagtcgatctagctttatcgattcaagcactagctaaagagattagcta
gtagaatctgatcgattagtcgatctagctttatcgtaaatctgatcgattagtcgatctagctttatcgattcaagcagagataagcactagctaaagagattagctagagtcagatgctaaagagattagctaagcttta
tcgattcaagcactagctaaagagattagctagtatagctgagtcagatcgatcggcatcgatcggcetagectagaatctgatcgattagtcgatctagcetttatcgattcaagcactagctaaagagattagctagtag
aatctgatcgattagtcgatctagctttatcgtaaatctgatcgattagtcgatctagctttatcgattcaagcactagctaaagagattagctagtagaatctgatcgattagtcattcaagcactagctaaagagattage
tagagtcagatgctaaagagataagcactagctaaagagattagctagagtcagatgctaaagagattagctaagctttatcgattcaagcactagctaaagagattagctagtatagctgagtcagatcgatcgge
atcgatcggctagcctagaatctgatcgattagtcgatctagctttatcgaticaagcactagctaaagagattagctagtagaatctgatcgattagtcgatctagctttatcgtaaatctgatcgattagtcgatctagcttt
atcgattcaagcagatctagctitatcgtctgatcgattagtcgatc ...
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Gene

...agtcagatcgatcggctagcctagaatctgatcgattagtcgatctagctttatcgaticaagcactagctaaagagattagctagagtcagatcgatcggctagcctagaatctgatcgattagtcgatctagcttta
tcgattcaagcactagctaaagagattagctagtagaatctgatcgattagtcgatctagctttatcgaticaagcactagctaaagagattagctagagtcagatgcattagtcgatctagctttatcgaticaagattca
agcactagctaaagagattagctagagtcagatgctaaagagataagcactagctaaagagattagctagagtcagatgctaaagagattagctaagctttatcgaticaagcactagctaaagagattagctagt
atagctgagtcagatcgatcggcatcgatcggctagcctagaatctgatcgattagtcgatctagctttatcgattcaagcactagctaaagagattagctagtagaatctgatcgattagtcgatctagctttatcgtaaa
tctgatcgattagtcgatctagctttatcgaticaagcacactagctaaagagattagctagagtcagatgctaaagagattagctaagctitatcgaticaagcactagctaaagagattagctagtagaatctgatcg
attagtcgatctagctttatcgtagcctagaatctgatcgattagtcgatcttctagctttatcgattcaagcactagctaaaga agagattagctagagtcagatcgatcggcatcgatcggctagccta
gaatctgatcgattagtcgatctictgatcggaagagtcagatcgatcggcatcgatcggctagcctagaatctgatcgattagtcgatctagagctttatcgaticaagcaaagcactagctaaagagattagctaga
gtcagatgctaaagagattagctaagctttatcgattcaagcactagctaaagagattagctagtactagctaaagagattagctagtagaaatcgatcggctagcctaggtagaatctgatcgattagtcgatctagce
tttatcgattcaagcactagc tagagtcagatgctaaagagattagctacattagtcagagtcagatcgatcggcatcgatcggctagcctagaatctgatcgattagtcgatctagagctttatcga
ttgatctagctttatcgattcaagcactagctaaagagattagctagagtcagatgctaaaatticaagcactagctaaagagattagctagagtcagatgctaaagagataagcactagctaaagagattagctaga
gtcagatgctaaagagattagctaagctttatcgattcaticaagcactagctaaagagattagctagagtcagatgctaaagagataagcactagctaaagaattcaagcactagctaaagagattagctagagtc
agatgctaaagagataagcactagctaaagagattagctagagtcagatgctaaagagattagctaagctttatcgaticaagcactagctaaagagattagctagtatagctgagtcagatcgatcggcatcgatc
ggctagcctagaatctgatcgattagtcgatctagctttatcgattcaagcact

caagcagattagctagagicagatgctaaagagattagctaagctttatcgat

tcgatctagctttatcgattcaagcactagctaaagagattagctagtagaatc

attcaagcactagctaaagagattagctagagtcagatgctaaagagataa tt t t g tg t g
ctagtatagctgagtcagatcgatcggcatcgatcggctagcctagaatctg a g C a g a g Ca a C a a a a
gtaaatctgatcgattagtcgatctagctttatcgaticaagcaattcaagcact

tagctaagctttatcgattcaagcactagctaaagagattagctagtatagctg t‘tt t tt t t
gattagctagtagaatctgatcgattagtcgatctagctttatcgtaaatctgatc C a Cg a C a g Ca C ag C a
actagctaaagagattagctagagtcagatgctaaagagattagctaagctt

gattagtcgatctagctttatcgatticaagcactagctaaagagattagctagt

ctaaagagattagctagagtcagatgctaaagagataagcactagctaaag g ath g Ct a g a atCtg at
gtcagatcgatcggcatcgatcggctagcctagaatctgatcgattagtcgat

attagtcgatctagctttatcgattcaagcattagctagtatagctgagtcagat

gegeaicgacsatagigacageabgaaciacsatages) & atta g cta gta cta g ctaaa g
tcgattcaagcactagctaaagagattagctagtatagctgagtcagatcgat

aatctgatcgattagtcgatctagctttatcgtaaatctgatcgattagtcgatct

lagagtcagatgeiaaagagataageaciageiaaagagatiageragagt attag ctacatta g tca gag tca

atcgatcggctagcctagaatctgatcgattagtcgatctagctttatcgattca
atcgattcaagcagatctagctitatcgtctgatcgattagtcgatc ...
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What can go wrong at DNA level?

Types of Markers

Blood Group Markers

Restriction Fragment Length Polymorphisms
(RFLPs)

Insertions/Deletions (Indels)
Variable Number of Tandem Repeats (VNTRSs)

Microsatellites (Short Tandem Repeat
Polymorphisms [STRPs])

Single Nucleotide Polymorphisms (SNPs) currently of
Copy Number Variants (CNVs) major Interest
Epigenetic Changes

Whole Genome Sequencing

From Katrina Goddard, CDC March 2, 2009




Genetic association study

Persons with disease Persons without disease
da aaaaaaaaaaat at at tt aa at at at tt tt tt tt tt tt tt
alt=15/5=3 a/t=5/15=0.33

Conclusion: allele ‘a’ of snp x is associated to disease risk (OR = 9)

Next scientific questions:

-Where in DNA is snp x located?

- If In gene, what is the function of the protein that is coded by
the gene?

At same time commercial interest:
- Can we make a test of it?
(Is not real question: answer is no, but they just do it)




Genetic associations are ...
e ... Investigated in large-scale biobanks
» the basis for genetic tests both

* In health care practice and ...

« commercially offered tests










