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Genetic prediction of monogenic diseases

ProteinGene Monogenic disease
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Genetic prediction of complex diseases

ProteinGene Complex disease
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McCarthy Nat Rev Genet 2008
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Whole genome sequencing
…agtcagatcgatcggctagcctagaatctgatcgattagtcgatctagctttatcgattcaagcactagctaaagagattagctagagtcagatcgatcggctagcctagaatctgatcgattagtcgatctagcttta
tcgattcaagcactagctaaagagattagctagtagaatctgatcgattagtcgatctagctttatcgattcaagcactagctaaagagattagctagagtcagatgcattagtcgatctagctttatcgattcaagattca
agcactagctaaagagattagctagagtcagatgctaaagagataagcactagctaaagagattagctagagtcagatgctaaagagattagctaagctttatcgattcaagcactagctaaagagattagctagt
atagctgagtcagatcgatcggcatcgatcggctagcctagaatctgatcgattagtcgatctagctttatcgattcaagcactagctaaagagattagctagtagaatctgatcgattagtcgatctagctttatcgtaaa
tctgatcgattagtcgatctagctttatcgattcaagcacactagctaaagagattagctagagtcagatgctaaagagattagctaagctttatcgattcaagcactagctaaagagattagctagtagaatctgatcg
attagtcgatctagctttatcgtagcctagaatctgatcgattagtcgatcttctagctttatcgattcaagcactagctaaagatattatatataaagagattagctagagtcagatcgatcggcatcgatcggctagccta
gaatctgatcgattagtcgatcttctgatcggaagagtcagatcgatcggcatcgatcggctagcctagaatctgatcgattagtcgatctagagctttatcgattcaagcaaagcactagctaaagagattagctaga
gtcagatgctaaagagattagctaagctttatcgattcaagcactagctaaagagattagctagtactagctaaagagattagctagtagaaatcgatcggctagcctaggtagaatctgatcgattagtcgatctagc
tttatcgattcaagcactagctaaatagattagctagagtcagatgctaaagagattagctacattagtcagagtcagatcgatcggcatcgatcggctagcctagaatctgatcgattagtcgatctagagctttatcga
ttgatctagctttatcgattcaagcactagctaaagagattagctagagtcagatgctaaaattcaagcactagctaaagagattagctagagtcagatgctaaagagataagcactagctaaagagattagctaga
gtcagatgctaaagagattagctaagctttatcgattcattcaagcactagctaaagagattagctagagtcagatgctaaagagataagcactagctaaagaattcaagcactagctaaagagattagctagagtc
agatgctaaagagataagcactagctaaagagattagctagagtcagatgctaaagagattagctaagctttatcgattcaagcactagctaaagagattagctagtatagctgagtcagatcgatcggcatcgatc
ggctagcctagaatctgatcgattagtcgatctagctttatcgattcaagcactagctaaagagattagctagtagaatctgatcgattagtcgatctagctttatcgtaaatctgatcgattagtcgatctagctttatcgatt
caagcagattagctagagtcagatgctaaagagattagctaagctttatcgattcaagcactagctaaagagattagctagtatagctgagtcagatcgatcggcatcgatcggctagcctagaatctgatcgattag
tcgatctagctttatcgattcaagcactagctaaagagattagctagtagaatctgatcgattagtcgatctagctttatcgtaaatctgatcgattagtcgatctagctttatcgattcaagcaaagcactagctaaagaga
attcaagcactagctaaagagattagctagagtcagatgctaaagagataagcactagctaaagagattagctagagtcagatgctaaagagattagctaagctttatcgattcaagcactagctaaagagattag
ctagtatagctgagtcagatcgatcggcatcgatcggctagcctagaatctgatcgattagtcgatctagctttatcgattcaagcactagctaaagagattagctagtagaatctgatcgattagtcgatctagctttatc
gtaaatctgatcgattagtcgatctagctttatcgattcaagcaattcaagcactagctaaagagattagctagagtcagatgctaaagagataagcactagctaaagagattagctagagtcagatgctaaagagat
tagctaagctttatcgattcaagcactagctaaagagattagctagtatagctgagtcagatcgatcggcatcgatcggctagcctagaatctgatcgattagtcgatctagctttatcgattcaagcactagctaaaga
gattagctagtagaatctgatcgattagtcgatctagctttatcgtaaatctgatcgattagtcgatctagctttatcgattcaagcaattcaagcactagctaaagagattagctagagtcagatgctaaagagataagc
actagctaaagagattagctagagtcagatgctaaagagattagctaagctttatcgattcaagcactagctaaagagattagctagtatagctgagtcagatcgatcggcatcgatcggctagcctagaatctgatc
gattagtcgatctagctttatcgattcaagcactagctaaagagattagctagtagaatctgatcgattagtcgatctagctttatcgtaaatctgatcgattagtcgatctagctttatcgattcaagcaattcaagcactag
ctaaagagattagctagagtcagatgctaaagagataagcactagctaaagagattagctagagtcagatgctaaagagattagctaagctttatcgattcaagcactagctaaagagattagctagtatagctga
gtcagatcgatcggcatcgatcggctagcctagaatctgatcgattagtcgatctagctttatcgattcaagcactagctaaagagattagctagtagaatctgatcgattagtcgatctagctttatcgtaaatctgatcg
attagtcgatctagctttatcgattcaagcattagctagtatagctgagtcagatcgatcggcatcgatcggctagcctagaatctgatcgattagtcgatctagctttatcgattcaagcactagctaaagagattagcta
gtagaatctgatcgattagtcgatctagctttatcgtaaatctgatcgattagtcgatctagctttatcgattcaagcagagataagcactagctaaagagattagctagagtcagatgctaaagagattagctaagcttta
tcgattcaagcactagctaaagagattagctagtatagctgagtcagatcgatcggcatcgatcggctagcctagaatctgatcgattagtcgatctagctttatcgattcaagcactagctaaagagattagctagtag
aatctgatcgattagtcgatctagctttatcgtaaatctgatcgattagtcgatctagctttatcgattcaagcactagctaaagagattagctagtagaatctgatcgattagtcattcaagcactagctaaagagattagc
tagagtcagatgctaaagagataagcactagctaaagagattagctagagtcagatgctaaagagattagctaagctttatcgattcaagcactagctaaagagattagctagtatagctgagtcagatcgatcggc
atcgatcggctagcctagaatctgatcgattagtcgatctagctttatcgattcaagcactagctaaagagattagctagtagaatctgatcgattagtcgatctagctttatcgtaaatctgatcgattagtcgatctagcttt
atcgattcaagcagatctagctttatcgtctgatcgattagtcgatc …
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Sequencing versus GWAS

• 3.000.000.000 versus ~2.500.000 basepairs

= GWAS assesses 1 in 1000 basepairs

Approximately right, but unlikely exact
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The ‘patient’ (label from the paper)

The patient was a 40-year-old man 
who presented with a family history 
of coronary artery disease and 
sudden death. 

His medical history was not clinically 
significant and the patient exercised 
regularly without symptoms. He was 
taking no prescribed medications and 
appeared well. 

Clinical characteristics were within 
normal limits (table 1).
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What did they do?

• analysis of this patient’s full genome sequence, 

• risk prediction for coronary artery disease, 

• screening for causes of sudden cardiac death, 

• and genetic counselling

• prediction of genetic risk of variants associated with 
mendelian disease, 

• recognised drug responses, 

• and pathogenicity for novel variants
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Results (from the abstract)

“Analysis of 2·6 million SNPs and 752 CNVs showed increased 
genetic risk for myocardial infarction, type 2 diabetes, and some 
cancers. We discovered rare variants in three genes that are 
clinically associated with sudden cardiac death—TMEM43, DSP, 
and MYBPC3. A variant in LPA was consistent with a family history 
of coronary artery disease. The patient had a heterozygous null 
mutation in CYP2C19 suggesting probable clopidogrel resistance, 
several variants associated with a positive response to lipid-
lowering therapy, and variants in CYP4F2 and VKORC1 that 
suggest he might have a low initial dosing requirement for warfarin. 
Many variants of uncertain importance were reported.”
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“We discovered rare variants in three genes that are clinically 

associated with sudden cardiac death—TMEM43, DSP, and MYBPC3.”
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“A variant in LPA was consistent with a family history of 
coronary artery disease.”
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Level of evidence � strength of association
Ashley et al. Lancet 2010

“The patient had a heterozygous null mutation in CYP2C19 
suggesting probable clopidogrel resistance.”
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The Pharmacogenomics Journal 2010

Risk of stent thrombosis

N = 4,975 (???)

Risk of cardiovascular 

recurrences

N= 8,043
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Lancet 2009
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• What then is the clinical implication? 

• Should the patient not get clopidogrel if he needs it?

“The patient had a heterozygous null mutation in CYP2C19 
suggesting probable clopidogrel resistance.”
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Rate (risk) of cardiovascular event
Collet et al. Lancet 2009
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Genetic risk estimates for major diseases

Beware: Genetic risk � disease risk!

Ashley et al. Lancet 2010
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Monozygotic twins

Who has the highest risk of type 2 diabetes?
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Low sample size � less confidence

Ashley et al. Lancet 2010
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TCF7L2: Reproducibility of association

Cauchi et al. J Mol Med 2007
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Damcott et al. Diabetes 2006
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Ashley et al. Lancet 2010

What do these risks tell you?
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Risk distribution

0 50250 5025 0 50250 500 500 5025

How useful is it to know one’s risk of disease also depends
on the risks of others!

•If all predicted risks are around average, then the test is 
not useful
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Type 2 diabetes

Lango et al Diabetes 2008

AUC = 0.76*AUC = 0.60

AMD

Seddon et al. IOVS 2009

* Distribution shown: risk scores include non-genetic factors

TreatDon’t treat TreatDon’t treat
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How good is type 2 diabetes prediction?
B

M
J 

20
10
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Take home message

• Whole genome sequencing is by far not ready for prime 
time

• Most variants still have unknown function and/or unknown 
importance

• Prediction of disease based on multiple variants (like type 2 
diabetes) is still not very predictive

• All does need years of (genetic) epidemiological work to 
translate data into risk information
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A potential risk of WGS

“Mutations in TMEM4330 or DSP31 have been associated 
with familial arrhythmogenic right-ventricular dysplasia or 
cardiomyopathy. Review of previous clinical assessment of 
extended family members revealed minor criteria for this 
disease in one first cousin, whose son died suddenly in his 
teens.”

� Overconfidence in phenotypic explanations for discovered 
variants


