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Most disease result from combination of genes,

environment, behavior and bad luck

Genotype
L

Behavior = Disease— Chance

LT

Environment



Two Main Approaches Used for Identification of

Genetic Risk Factors
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The candidate gene approach



The Genome-wide Association (GWA) approach




Basic Design of GWA Studies

Step I: Screen
Samples: 2,004 cases of patients with Number of SNPs tested: 500,00
Crohn's disease, 3,004 healthy controls

Quality control
Samples: quality control was performed on 469,557 SNPs passed
all 5,008 samples. 322 samples rejected quality control tests

Association testing
Threshold of significance: p<10® — 37 SNPs for Crohn’s disease were identified

Step 2: Replication
Samples: 1182 cases of patients with 37 SNPs from
Crohn’s disease, 2,024 healthy controls association testing

Quality control

Association testing
Results for 12 SNPs were replicated. Pcoled p values ranged from 10¢ to 1077,
Four new Crohn’s disease-associated loci were discovered.

Validated Genetic Risk Factors Xavier & Rioux (2008)
Nat Rev Immunol 8:631



Typical results from a GWA Study

GC-corrected CMH
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15t Crohn’s Disease GWA Identifies

Protective and Predisposing Alleles in IL23R

Arg381Gin:

GlIn is protective ~2% In cases
~7% In controls

Non-coding/regulatory variants are
found to increase risk to disease

T cell



Multiple Genes in IL23R Pathway Involved

Chronic Inflammatory Diseases

IL-23

b0 pi0 > Current therapeutic

. |
CD, UC, PS, AS IL-23R i IL-12RB1 target
Cytoplasm cD m

CD,UC, T1ID SUNEImd

 GWA identifies key pathways
* Protective and predisposing
alleles mmp PGX

> I’ » Expression of pro-inflammatory -
.~ Nucleus cytokines such as INFy
« Stimulation of naive T cells to

differentiate into T417 cells.
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Budarf et al. (2009) TIG, 25:137-46



Pathways ldentified by GWAS —
Targets for Novel Therapies
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International IBD Genetics Consortium ldentifies

> 50 Risk for Ulcerative Colitis

International IBD Genetics Consortium
DDW 2010, New Orleans
Clinical Practice Distinguished Abstract Plenary

Session
May 4th, 2010
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658 published loci at p<5x10-®

Published Genome-Wide Associations through 12/2009,

O Acute Ilymphoblastic leukemia
@ Adiponectin levels

@ Age-related macular degeneration

O AIDS pragression

© Alcohol dependence

© Alzheimer disease

O Amyotrophic lateral sclerosis
@ Arterial stifiness

@ Asthma

© Aira fibrillaion

@ Attention deficit hyperactivity disorder

Q Autism
@ Basal cell cancer

@ Chrenic lymphocytic leukermia
Q Clettlip/palate

[ ] Cognitive function

@ Colorectal cancer

O Coronary disease

@ Creutzfeldt-Jakob disease
@ Crohn's disease
Cutaneous nevi

@ Dematitis

O Bipolar disorder
@ Gilirubin

@ Bladder cancer
@ Blond or brown hair

@ Blood pressure

@ Blue or green eyes

@ BMI, waist circumference
O Bone density

@ Breast cancer @ Drug-induced liver injury
@ C-reactive protein @ Eosinophil count

@ Cardiac structure/function @ Erythrocyte parameters
@ Camitine levels O Esophageal cancer

@ Carclenoidtocophercl evels @ Essential tremor

QO Celiac disease O Exfoliation glaucoma
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@ F cell distribution

O Fibrinogen levels

@ Folate pathway vitamins
© Freckles and burning
O Gallstones

@ Glioma

@ Glycemic traits

© Hair color

@ Hair morphology

O Heart rate

O Height

O Hepatitis

© Hirschsprung’s disease
Q HIv-1 control

O HOL cholesterol

QO Homocysteine levels

@ Wakrix metalloproteinase levels

@ Idiopathic pulmonary fibrosis © MCP-1

@ IE levels

O Mean platelet volume

@ Inflammatory bowel disease @ Melanoma

@ Intracranial aneuwrysm
@ Iris color

@ Iron status markers
@ Ischemic stroke

O Juvenile idiopathic arthritis
@ Kidney stones

Q Leprosy

@ LDL cholesteral

@ Liver enzymes

@ LP (a) levels

@ Lung cancer

@ Malaria

© Male pattern baldness

© Menarche & menopause

@ Wultiple sclercsis

O Myeloproliferative neoplasms
O Narcolepsy

O Nasopharyngeal cancer

O Hewroblastoma

@ HNicotine dependence

@ Honsyncromi: cled lip wiwo cleh palate
© Obesty

@ Open personality

@ Otosclerosis

© Other metabolic traits

@ Ovarian cancer

NHGRI GWA Catalog
www.genome.gov/GWAStudies

@ Pancreatic cancer

@ Pain

@ Panic disorder

@ Parkinson's disease

QO Periodontitis

@ Peripheral arterial disease

© Phosphatidyichaline levels

@ Primary biliary cirhosis
Prostale cancer

© Protein levels

QO Psoriasis

[ ] Pulmanary funct COPD

@ aTinterval

@ Ouantitative traits

© Recombination rate

© Red vs.non-ed hair

© Renal function

@ Response to hepalitis C freat
(O Restless lags syndrome
O Rheumatoid arthritis

QO Schizophrenia

© Serum metabolites

@ Skin pigmentaticn

@ Soluble E-selectin

@ Soluble ICAN-1

@ Speech perception

O Sphingolipid levels

@ Statininduced myopathy
@ Stroke

O Systemic lupus erythematosus
O Testicular germ cell tumor

@ Thyroid cancer

@ Total cholesterol

@ Response to antipsychotic therapy @ Triglycerides

O Type 1 diabetes

@ Type 2 diabetes

QO Urate

@ Venous thromboembolism
@ Vitamin B12 levels

@ Warfarin dose

@ Waight

O White cell count

@ YKL-A0 levels



Not All GWA Results Are Equal

] - Gene (function ?)
V = associated SNP
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Bioinformatic Approaches Can Group Risk Factors

Into Functional Groups

Molecular Function Enrichment

m Other kinase (MF00112)

M Nucleotide kinase
(MF00110)

Protein kinase (MF00108)

Enrichment score, -Log(P-value)
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Occurrence per Molecular Function category

Aylwin Ng & Ramnik Xavier, MGH

m Serine/threonine protein
kinase receptor
(MF00014)

Non-receptortyrosine
protein kinase (MF00214)

Non-receptor
serine/threonine protein
kinase (MF00213)

m Other signaling molecule
(MF00023)

M Peptide harmone
(MF00020)

Membrane-bound
signaling molecule
(MF00247)

m Ggwth factor (MFO0019)

Cytokine (MF00017)

® Tumor necrosis factor
family member (MF00281)

Interleukin (MF00232)




Need to Identify CASUAL Genetic Variation

« Next Generation » Seguencing -
Increased Capacity = Enabling Technology

Example of technological progress ...

Instrument # reads Total #

perrun bases per
run

2005 1st ~100 bp 100,000 20M

2007 2nd ~200 bp 400,000 100M
2010 3rd ~500 bp 1M 500M




Sequencing Strategy for Sequencing

Risk Factors ldentified by GWA Studies

Samples: 500 Cases + 500 controls

Enrichment: Targeted amplification of genomic regions
(PCR)
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Common and Rare Variants ldentified

In Targeted Sequencing of GWA Locl

708 high quality variants discovered in ~50 genes

*** Must Identify which are CAUSAL

alleles gene type rs# base_chg annot f_nr_case f_nr_con chisgstat_assoc Irt_stat Genotype_FA Genotype_FU
GC Corf109 s NA CGG21CGC Arg21Arg 0.0032 0.0082 1.52 1.581
CG Corf109 s rs2271018 CCC73CCG Pro73Pro 0.2377 0.217 0.85 0.8513
CT Corfl109 s rs2271017 AGC93AGT Ser93Ser 0.0314 0.0483 2.6 2.619 0.04741 0.04928
TA Corf109 ns rs41269923 ATC100AAC 1Ile100Asn 0.0117 0.0046 2.35 0 0.01433 0.005747
GT Corf109 s NA GGG160GGT Gly160Gly 0.0014 0 0.99 1.382
CT Corf109 s rs34596202 ATC170ATT 1Ilel170Ile 0.0046 0.002 0.68 0.7048
AT Corf109 ns rs41313912 TAT333TTT Tyr333Phe 0.0188 0.003 8.08 8.989 0.01724 0.004335
CT Corf109 ns NA CGT376TGT Arg376Cys 0.0028 0 2 2.773 0.002865 0
GC Corf109 ns NA AGG397ACG Arg397Thr 0.0015 0.0014 0 0.0008132
AC Corf109 ns rs45547233 AGA501AGC Arg501Ser 0.073 0.0757 0.03 0.03808
AC Corf109 ns NA CAC506CCC His506Pro 0 0.0015 0.95 1.165
GC Corf109 s NA GGG520GGC Gly520Gly 0.1828 0.1649 0.78 0.7858
GC Corf109 s NA CGG521CGC Arg521Arg 0.4702 0.4584 0.19 0.1973
CT Corf109 ns rs296520 CGC538TGC Arg538Cys 0.3809 0.3426 2.22 2.226
CT Corf109 ns NA CGC554TGC Arg554Cys 0.004 0.0013 0.92 0.9624
CA Corf109 s rs296521 CGC602CGA Arg602Arg 0.555 0.534 0.62 0.6207
CT Corf109 s NA CTG606TTG Leub606Leu 0.0017 0 1.11 1.427
CA Corf109 ns NA GAC607GAA Asp607Glu 0.0018 0.0056 1.41 1.486
GA Corf109 ns NA CGG641CAG Arg641Gin 0.0014 0 1 1.397

unpublished



Whole Exome/Genome Sequencing

Tool for Genetic Risk Factor Identification

Targeted capture and massively parallel sequencing
of 12 human exomes

Sarah B. Ng', Emily H. Turner', Peggy D. Robertson', Steven D. Flygare', Abigail W. Bigham?, Choli Lee’,
Tristan Shaffer’, Michelle Wong', Arindam Bhattacharjee?, Evan E. Eichler'*, Michael Bamshad?,
Deborah A. Nickerson' & Jay Shendure'

Any 3 of 4
Nature Vol 461 | 10 September 2009 FSS24895  FSS24895
FSS524895 FSS10208 FSS10208
FSS24895 FSS10208 FSS10066 FSS10066
FSS24895 FSS510208 FSS10066 FSS22194 FSS22194
Mon-synonymous cSNP, splice site
§ | variant or coding indel (NS/SS/) [ o0 3,284 2,765 2479 3,768
o
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Figure 2 | Direct identification of the causal gene for a monogenic disorder
by exome sequencing. Boxes list the number of genes with one or more non-




High Performance Platform for the Discovery,

development and validation of biomarkers
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Deep re-sequencing

@OMARKE@ > causal variants

Typing known genetic variation




MHI & UdeM High Performance Platform for
Discovery, Development and Validation of

Biomarkers
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BIO MA'RKER S > causal variants

R&D — GLP

Molecular Imaging Metabolomics Integrative Biology

4.7 tesla MRI (mouse, rat, rabbit) GC/MS/MS HCS (Opera)
PET-CT (rabbit); PET-CT (human) LCMS-MS/MSQTOF Circulating BioM



GWA, Sequencing & Integrative Biology

Discovery of Risk Factors and Biomarkers

= = GWA: o Revolution inv
w VS w Gene Discovery

300,000 - 1,000,000 SNPs | | picl Prediction

(Genetic tests) per individual "
KRR » Molecular classifiers of Dx

> . .. )
» Stratifiers for clinical trials
* Novel drug targets
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