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e Genome Wide Association Study (GWAS)
e It is clear that genetic variants contribute to disease

e New technologies enable the simultaneous of 2+ million
loci in the genome

e Test for allele association with disease
e Additional validation and biological cause follows later

WTCCC, Nature 447:661, 2007.
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How to find the missing SNPs?

® (Genome-wide association studies (GWAS) have found strong
signals across patients with complex polygenic disorders

e But there are problems with the GWAS approach

Three big GWAS in type 2 diabetes: WTCCC, FUSION, DGI

Inconsistent reproducibility: PPARG, FTO in WTCCC, not in FUSION, DGI
Sometimes loci in gene deserts: FUSION rs9300039

Effect sizes are still relatively weak: 1.1 to 1.4, expected 3

Missing heritability problem: only 6% heritable risk explained for T2D

e Hypothesis: Gene-environment interactions

Hunter DJ, Kraft P. NEJM, 357:436,
Goldstein DB. NEJM, 360:1696,
Cardon, ... Collins. Nature, 461:747,
English SB, Butte AJ. Bioinformatics,
Chen R, ..., Butte AJ. Genome Biology,

Chen R, ..., Butte AJ. BMC( Bioinformatics,

2007.
2009.
2009.
2007.
2008.
2008.



Environmental analog to the genome: Chirag Patel
Exposome and Envirome
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NHANES:

Chirag Patel ("., |

National Health and Nutrition Examination Survey

Since the 1960s: 50 years!
now biannual: 1999 onwards
10,000 participants per cohort

Disease prevalence estimates:
T2D, obesity, cardiovascular
disease

Growth charts for development:

WHO standard

Environment:
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N C €

Stage 1

Counties Stage 2
Segments

- Stage 3

; Households

\
|
|
\
X .
N . l‘
.’/
V/
:”

Individuals

U
sentative of the US population

A Massive, Ongoing, and Significant Public Health Surve ,’.'Z"Q',a
, Ongoing, g y,,,,,,,/,j
http://www.cdc.gov/nchs/nhanes.htm



http://www.cdc.gov/nchs/nhanes.htm

How to consider the

Chirag Patel

environmental causes of disease?

e We can consider
environmental causes of
diseases like
genetic causes

e NHANES: cross-sectional
cohorts

e Blood and urine tests
on 100s to 1000s

¢ Consider associations
between each
environmental factor
and T2DM
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Patel C, Bhattacharya J, Butte AJ. PLoS One, 2010.



The first Environment-Wide Chirag Patel
Association Study (EWAS)

validated factors [OR)
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Patel C, Bhattacharya J, Butte AJ. PLoS One, 2010.



| | | . Chirag Patel
Do known disease-associated genetic variants

Interact with environmental factors found in EWAS?

Example: Type 2 Diabetes
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Single-molecule sequencing of an individual human

genome

Dmitry Pushkarev'2, Norma F Neff!:2 & Stephen R Quake!

Recent advances in high-throughput DNA sequencing
technologies have enabled order-of-magnitude improvements

in both cost and throughput. Here we report the use of single-
molecule methods to sequence an individual human genome.
We aligned billions of 24- to 70-bp reads (32 bp average) to
~90% of the National Center for Biotechnology Information
(NCBI) reference genome, with 28x average coverage. Our
results were obtained on one sequencing instrument by a
single operator with four data collection runs. Single-molecule
sequencing enabled analysis of human genomic information
without the need for cloning, amplification or ligation. We
determined ~2.8 million single nucleotide polymorphisms
(SNPs) with a false-positive rate of less than 1% as validated
by Sanger sequencing and 99.8% concordance with SNP
genotyping arrays. We identified 752 regions of copy number
variation by analyzing coverage depth alone and validated

27 of these using digital PCR. This milestone should allow
widespread application of genome sequencing to many aspects
of genetics and human health, including personal genomics.

on a surface can be extended asynchronously, thereby allowing substan-
tial flexibility in the kinetics of sequencing chemistry. Previous reports
of single-molecule sequencing have been proofs of principle' '3, and
their sequencing throughput has not been competitive with alternative
approaches. Generally, read lengths have been relatively short and error
rates have been dominated by deletions; it has not been clear whether
the resulting sequence quality is suitable for human genome sequenc-
ing applications.

The Heliscope Single Molecule Sequencer (Helicos Biosciences) is
the first commercial release of a single-molecule sequencing instru-
ment. It allows one to follow ~1 billion individual molecules as they are
sequenced over the course of a week—a throughput that is practical for
human genome sequencing. There have been several technical improve-
ments to the platform since the reported sequencing of a viral genome'?,
including more than a 1,000-fold improvement in parallelism, a new
generation of sequencing reagents that allows digital measurement of
homopolymer sequences, and a new software algorithm, IndexDP, for
performing alignments to the entire human genome.

We used two of the instrument’s 50 flow-cell channels to resequence



High throughput sequencing
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Clinical assessment incorporating a personal genome

Evan A Ashley, Atul | Butte, Matthew T Wheeler, Rong Chen, Teri E Klein, Frederick E Dewey, Joel T Dudley, Kelly E Ormond, Aleksandra Pavlovic,
Alexander A Morgan, Dmitry Pushkarev, Norma F Neff, Lovanne Hudgins, Li Gong, Laura M Hodges, Dorit 5 Berlin, Caroline F Thorn,

Katrin Sangkuhl, Joan M Hebert, Mark Woon, Hersh Sagreiya, Ryan Whaley, Joshua W Knowles, Michael F Chou, Joseph V Thakuria,

Abraham M Rosenbaum, Alexander Wait Zaranek, George M Church, Henry T Greely, Stephen R Quake, Russ B Altman

Summary
Background The cost of genomic information has fallen steeply, but the clinical translation of genetic risk estimates
remains unclear. We aimed to undertake an integrated analysis of a complete human genome in a clinical context.

Methods We assessed a patient with a family history of vascular disease and early sudden death. Clinical assessment
included analysis of this patient’s full genome sequence, risk prediction for coronary artery disease, screening for
causes of sudden cardiac death, and genetic counselling. Genetic analysis included the development of novel methods
for the integration of whole genome and clinical risk. Disease and risk analysis focused on prediction of genetic risk
of variants associated with mendelian disease, recognised drug responses, and pathogenicity for novel variants. We
queried disease-specific mutation databases and pharmacogenomics databases to identify genes and mutations with
known associations with disease and drug response. We estimated post-test probabilities of disease by applying
likelihood ratios derived from integration of multiple common variants to age-appropriate and sex-appropriate pre-
test probabilities. We also accounted for gene-environment interactions and conditionally dependent risks.

Lancet May 1, 2010.



Building a new SNP-disease database

Stage SNPs Diseases Pubs Records
Disease-associated SNP Database 9645 &3 25671 55258
64,473 1,549 5,214 182,653
Data to calculate disease risk based on odds ratio
SNPs with odds ratio (~40%) 4,354 456 1,590 15,333
Studies on Caucasian male 2,325 235 900 6,958
Matched with p0 2,067 229 881 5,321
SNPs indicating susceptibility 403 103 309 1,006
SNPs indicating protection 344 90 219 803
SNPs identical to reference sequence 1,350 184 613 3,512

Data to calculate disease risk based on likelihood ratio

Case/control studies 3,479 437 1,400 10,201
Studies with genotype frequency 1,657 299 1,016 9,253
Studies on Caucasian male 735 141 480 4,137
Matched with p0 524 121 410 1,141
SNPs indicating susceptibility 584 93 256 584
SNPs indicating protection 283 96 243 557

We record the disease, phenotype, population, gender distribution,
genotype comparison, p-value, odds ratio, technology, study
design, and genetic model. Mapped to UMLS concepts. Rong Chen

Optra Systems



Moving from OR to LR

Odds ratio

Ratio of odds of test positivity in cases over
odds of test positivity in non-cases

Likelihood ratio (+)
The probability of test positive in cases, over the




