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Patient zero
and the new world of genomic medicine

Euan Ashley MRCP DPhil, FACC, FESC
Director, Stanford Center for Inherited 
Cardiovascular Disease

The question

 10 years since draft HGP 
 2 years since the “Year of the 

GWAS”
 Very little impact on clinical 

medicine
 But, sequencing is getting cheaper
 The number of genomes is set to 

rise
 What does a consultation look like 

in 5 years?

 

Year Cost estimate Technology

2001 $300,000,000 Sanger (ABI)

2001 $100,000,000 Sanger (ABI)

2007 $10,000,000 Sanger (ABI)

2008 $2,000,000 Roche (454)

2008 $1,000,000 Illumina

2008 $500,000 Illumina

2008 $250,000 Illumina

2009 $48,000 Helicos

2010 $15,000 Complete

The idea

What if everybody’s genome was available 
in their medical record?
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Patient zero

 40 year old male in good health 
presents to his doctor with his 
whole genome

 No symptoms
 Exercises regularly
 Takes no medication
 Family history of aortic aneurysm
 Family history of sudden death

Clinical examination

 Normal appearing male
 Comfortable at rest
 HS 1,2+0
 No murmurs, rubs or gallops
 Chest clear, abdomen nad
 Musculoskeletal, neuropsych 

examinations grossly normal
 Afebrile
 HR 60pm, BP 128/80

Electrocardiogram
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Echocardiography Exercise test

Musculature not to scale

Lab tests panel
WBC 4.9 Total bili 0.5
Hb 15.7 AST 25

Platelets 147 ALT 33
Na 143 ALP 93
K 4.0 Alb 4.2
BUN 20
Cr 1.2 Cholesterol 218
eGFR LDL 156
Ca 9.4 HDL 48
Fasting glucose 93 TG 68

hsCRP <0.2
Lp(a) 114

Parsing 
6,000,000,000

data 
points

When one base pair 
change can turn this into this
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Assembly /
Error

Rare and 
Mendelian 

variants

Common 
variants

PGx 
variants

Ethics

The 
Teams

The (evolving) 
approach

Rare, novel and Mendelian variants
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Rare/novel algorithm

 What does it mean for a variant to be 
associated with disease?
 Cosegregation in a large kindred?
 Early stop in key gene 

 in one proband? in several individuals?

 Splice site mutation?
 Novel mutation?
 Not seen in ?how many ?controls

 What’s a control?

Rare variant databases

 Human Genome Mutation database
 Public/professional

 Human Variome project
 Human genome variation database
 Private databases

Private 
mutation databases

ABCA4 ATP-binding cassette transporter retina Retina International

ABCC6 Multidrug resistance-associated protein 6 Retina International

ABCC8 Sulphonylurea receptor Hôpital Necker-Enfants Malades (Paris), France

ABCD1 X-linked adrenoleukodystrophy
Academic Medical Center, Amsterdam, Holland and Kennedy Krieger 
Institute, Baltimore MD, USA

ABO Blood group antigen mutation database Albert Einstein College of Medicine, New York, USA

ACHE Blood group antigen mutation database Albert Einstein College of Medicine, New York, USA

ACTC FHC mutation database Australian National Genomic Information Service

ACTC Sarcomere gene mutations Harvard University, USA

ACVRL1
Hereditary hemorrhagic telangiectasia
mutation database

Heriot-Watt University, Edinburgh, UK

ADA Adenosine deaminase deficiency University of Tampere, Finland

ADRB3 Beta-3 adrenergic receptor Tel-Aviv University, Israel

ADSL ADSL mutation database University of Louvain Medical School, Belgium

AIPL1 Aryl hydrocarbon receptor-interacting protein-like 1 Retina International

ALB Albumin database Mary Imogene Bassett Hospital Research Institute, New York, USA

ALDH1B1 Aldehyde dehydrogenase University of Colorado Health Sciences Centre, USA

ALDH2 Aldehyde dehydrogenase University of Colorado Health Sciences Centre, USA

ALDH3A1, 
ALDH3A2

Aldehyde dehydrogenase University of Colorado Health Sciences Centre, USA

ALDH4 Aldehyde dehydrogenase University of Colorado Health Sciences Centre, USA

ALDH9 Aldehyde dehydrogenase University of Colorado Health Sciences Centre, USA

ALDOB Hereditary fructose intolerance Boston University, USA

ALG6 Congenital disorders of glycosylation Leuven University, Belgium

ALPL ALPL mutation database University of Versailles-Saint Quentin en Yvelines, France

AMELX Amelogenesis imperfecta University of North Carolina, USA

AP3B1 Albinism database University of Minnesota, USA

APC
Adenomatous polyposis coli
note - currently unavailable Mayo Clinic, USA

APC
Adenomatous polyposis coli

Institut Curie (Paris), France

APC Adenomatous polyposis coli Tel-Aviv University, Israel

APP Alzheimer disease Antwerp University, Belgium

AQP1 Blood group antigen mutation database Albert Einstein College of Medicine, New York, USA

AQP2
Diabetes insipidus

McGill University (Quebec), Canada

AR Androgen receptor McGill University (Quebec), Canada

AT3 Antithrombin mutation database Imperial College School of Medicine, London, UK

ATM Ataxia-telangiectasia Virginia Mason Research Center (Seattle), USA

ATP7B Wilson disease University of Alberta, Canada

ATP7B Wilson disease Tel-Aviv University, Israel

AVP
Diabetes insipidus

McGill University (Quebec), Canada

AVPR2
Diabetes insipidus

McGill University (Quebec), Canada

http://www.hgmd.cf.ac.uk/docs/oth_mut.html
Accessed 3/11/2010
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GVS
(SeattleSNPs)

Mendelian disease associated
n=114

Predicted damaging
n=2124

Premature Stop
n=140

CV disease associated

Non-synonymous
n=8286

Coding
17049 (6329 novel)

within transcript
40,287

SIFT
(JCVI)

mitochondrial variants

P0 DNA
SNPs

Matthew Wheeler, Pablo Cordero, Rick Dewey

Algorithms for entirely novel variants

Polygenic disease – what we have now
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200520062007 first quarter2007 second quarter2007 third quarter2007 fourth quarter2008 first quarter

Slide courtesy of Teri Manolio.

Published Genome-Wide Associations through 3/2010, 
779 published GWA at p<5x10-8 for 148 traits

NHGRI GWA Catalog
www.genome.gov/GWAStudies

2008: the year of the GWAS 
– time for celebration?
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Missing heritability

 Rare variants
 Structural variants
 Epigenetic phenomena
 Over-zealous bounding of 

FWER
 G-G interaction
 G-E interaction
 G-G-E interaction

Can we apply this to 
individual genomes?

One approach Challenges in applying results of GWAS to 
individual genomes

 Theoretical
 Not enough variance explained

 Practical
 Most NCBI databases are catalogs
 Although sharing and making data publicly available 

(despite ethical concerns) remains routine, journals 
have not traditionally insisted on sufficient data for 
genome interpretation (standard is ‘reproduce the 
expt’ but even that often not met)

 Even the GWAS catalogs do not contain sufficient 
data
 Genotype frequencies
 Strand direction variable, rarely reported
 Chromosomal position changes with each genome build
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Existing SNP databases are limited in resource and content

 NHGRI GWAS Catalog
 2,387 SNPs  321 diseases, 

curated from 509 PubMed
 Odds Ratio, but no genotypes

 NHLBI GWAS Catalog
 52,546 SNPs  87 diseases, 

curated from 119 PubMed
 p_value, no OR

Stanford genetic variation database

Field name  Description 
Broad Phenotype  The general disease or phenotypic condition under study 
Narrow Phenotype  Detailed description of the studied phenotype 
Is_it_disease  Diseases or phenotypic trait? 
MESH heading  MESH heading of the studied disease 
UMLS CUI  Manually curated UMLS CUI for the disease 
dbSNP ID  Identifier used in dbSNP build 130, or rsID 
Significance  Whether the association was reported as significant in the literature 
Study ID  An internal identifier to distinguish multiple studies in one literature 
P‐value  P‐value of the association 

Model  The genetic model used to calculate the p‐value, such as additive, multiplicative, 
recessive, or dominant 

Odds Ratio  The odds ratio, relative risk, or hazards ratio of disease association between two 
comparing genotypes or alleles 

95% CI  95% confidence interval of the odds ratio 
Comparison  Two genotypes or alleles used to calculate the odds ratio 
Total sample size  Sum of patients in the case and control groups or the cohort size 
Cases/Affected  Description of the patients in the case group 
Controls/Unaffected  Description of the patients in the control group 
Cohort  Description of the patients in the cohort 
Gender  The gender of the studied patients 
Population  The ethic group of the studied patients 
Major/minor alleles  The major/minor alleles of the SNP 

Strand direction  The strand direction was determined by comparing the major/minor alleles in the 
literature with the major/minor alleles in a similar population in the Hapmap project 

Risk allele  The allele susceptible to diseases 
Single SNP/haplotype  Was the association studied for single SNP or haplotype? 
Interaction  Was the association studied for gene‐environmental interaction? 
GWAS  GWAS or candidate gene/SNP study 
PubMed  PubMed ID of the publication 
Method  Genotyping technology, such as Taqman or Affymetrix 6.0 
Comment  Comments from curators 
Status  Review status of the entry 
 

Rong Chen, 
Atul Butte

Ways to apply this for genomic medicine

a b

c d

1
Y

2

N

b= type 1 error
c= type 2 error

Parameter expression

Sensitivity a/a+c

Specificity d/d+b

Prevalence a+b+c+d

NPV d/d+c

PPV a/a+b

OR (a/b ) / (c/d)

OR ad/cb

RR (a/a+b ) / (c/c+d)

LR+ sen/1-spec

LR- 1-sen/spec

Outcome or reality

G
ro

up

Odds are….the effect will appear exaggerated

 Two groups (n=100), two conditions
 First group Y=80, N=20
 Second group Y=20, N=80
 First group is 4x more likely to be Y
 However, OR=(80/20)/(20/80) = 16
 This can be even more extreme

 eg (90/10)/(10/90), OR=81!

 Remember that for GWAS, most OR 
are in the range 1.3-1.6

 60/40 vs 50/50 = 1.5

80 20

20 80

1
Y

2

N
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The Likelihood is . . .you will at least account for group-wise frequency 
characteristics

 The LR is easily 
overlaid on the pre-
probability to provide 
a post-test probability

 This helps with the 
“relative risk” 
problem

Parameter Expression

Pre test probability Prevalence

Pre test odds Prev/1-prev

Post test odds Pre-test odds x LR

Post test probability Post test odds / post test 
odds +1

Fagan TJ. Nomogram for Bayes 
theorem. N Engl J Med. 1975 31;293(5): 
257.

Alex Morgan, Atul Butte

Riskogram methods and figure

 Pre test prob from various sources
 Prevalence usually (matched to age, 

sex, ethnicity if possible)
 Lifetime risk occasionally

 Mean LR when multiple studies for 
same SNP 
 Weighted mean (square root of 

sample size)

 Only one SNP per haplotype block 
(largest LR)

 Pre test odds multiplied by LRs 
cumulatively
 Presented in decreasing order of 

studies, then sample size

Report card
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Challenges

 Calls were made vs human 
reference sequence
 Risk alleles in human reference 

sequence

 Winner’s curse
 Literature bias towards positive 

results

 Negative studies need to be 
included in algorithm

 Data for LR only available for 
40% papers

Gene 
environment 
interaction

Joel Dudley, 
Atul Butte

What of “patient” zero?

 SQ feedback
 PGx information 

welcome
 Approach to personal 

and family screening

 Medical advice
 Personal and family 

screening
 CAD risk

 ATP3+LPA+LR+PGx 
+clinical judgement

 Rx statin
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FAMILY ZERO
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Inheritance state analysis

Rick Dewey

All variants All rare/novel Rare/novel and OMIM-disease 
associated gene

Variant type HG19 reference 
(n = 4302405)

CEU reference 
(n = 3733299)

HG19 reference 
(n = 351555)

CEU reference 
(n = 354074)

HG19 reference CEU reference

Coding-missense 9468 7982 1276 1276 203 200

Coding-nonsense 52 50 13 13 1 1

Coding-synonyn 11663 9928 1061 1059 186 186

Intronic 1303341 1128283 116276 115397 19544 19766

Splice-5’ 156 147 16 16 0 0

Splice-3’ 98 96 9 9 1 1

UTR-5’ 40142 37794 3637 3619 510 516

UTR-3’ 61826 59396 5989 5953 848 857

miRNA target 0 0 0 0 0 0

Pri-miRNA 2 2 1 1 0 0

Mature miRNA 0 0 0 0 0 0

Coding indels 1519 1476 432 412 73 71

Coding frameshift 
indels

440 418 273 253 29 27

Abbreviations: CEU reference, variant calls against CEU major allele reference;  HG19 reference, variant calls against NCBI reference sequence 37.1; 
miRNA, micro RNA; Pri-miRNA, primary microRNA transcript; OMIM, Online Mendelian Inheritance In Man database; UTR, un-translated region.



14

Phasing

Rong Chen, 
Atul Butte

Conclusion 

 In the future, we will 
not be limited by the 
availability of genetic 
information

 For medicine to 
become 
“personalized” we will 
need to learn how to 
parse this data
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