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Preventive Medicine
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“Superior Doctors Prevent the Disease.
Mediocre Doctors Treat the Disease Before Evident.
Inferior Doctors Treat the Full Blown Disease.”

-Huange Dee: Nai - Ching (2600 B.C. Ist Chinese Medical Text
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Preventive Medicine

® Prevent disease from occurring
* Identify the cause of the disease
* Treat the cause of the disease rather than the symptoms
o Example peptic ulcers
B ° Pyrogens
Genomics identifies the cause of disease

* “All medicine may become pediatrics”
I Paul Wise, Professor of Pediatrics, Stanford Medical School, 2008

* Effects of environment, accidents, aging, penetrance ...
® Health care costs can be greatly reduced if

° invests in preventive medicine
o one targets the cause of disease rather than symptoms
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Penetrance and Environmental Factors

Highly penetrant Mendelian single gene diseases
o Huntington’s Disease caused by excess CAG repeats in huntingtin’s protein gene
o Autosomal dominant, 100% penetrant, invariably lethal

Reduced penetrance, some genes lead to a predisposition to a disease
o BRCAI & BRCAZ2 genes can lead to a familial breast or ovarian cancer

o Disease alleles lead to 80% overall lifetime chance of a cancer, but 20% of patients
with the rare defective genes show no cancers

Complex diseases requiring alleles in multiple genes

o Many cancers (solid tumors) require somatic mutations that induce cell proliferation,
mutations that inhibit apoptosis, mutations that induce angiogenesis, and mutations
that cause metastasis

o Cancers are also influenced by environment (smoking, carcinogens, exposure to UV)
o Atherosclerosis (obesity, genetic and nutritional cholesterol)

Some complex diseases have multiple causes
o Genetic vs. spontaneous vs. environment vs. behavior

Some complex diseases can be caused by multiple pathways

o Type 2 Diabetes can be caused by reduced beta-cells in pancreas, reduced production
of insulin, reduced sensitivity to insulin (insulin resistance) as well as environmental
conditions (obesity, sedentary lifestyle, smoking etc.).
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Genes & Disease

http:/ /www.ncbi.nlm.nih.gov /books/bookres.fcgi/gnd / tocstatic.html

B Genes and Disease = nce Seach @ Thisbook (O Bookshelf O PubMed
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Introduction to Genes and Disease

Cancers

Ear. Nose, and Throat

Female-Specific Diseases

The Heart and Blood Vessels

Male-Specific Discases

' Neonatal Diseases

“=—  Nutritional and Metabolic Diseases

Skin and Connective Tissue

| Blood and Lvmph Diseases

The Digestive System

Discases of the Eve

Glands and Hormones

| Diseases of the Immune System

Muscle and Bone

The Nervous System

Respiratory Discases

Chromosome Map
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OMIM Home Page

http:/ / www.ncbi.nlm.nih.gov/omim /

. OMIM it
et Hopkins
Online Mendelian Inheritance in Man Tg=t University
Nudieotide Protedn Ganoma Structure PMC Taxonamy OMIM
Search | omimM i+ for |
Limits Preview! | ndex History Clipboard Details

Entraz
EMIM « Enter one or more search terms.

earch OMIM o 3 - -
Search Gare Map # Use Limits to restrict your search by search field, chromosome, and other criteria.
Search Morbid Map = Use Index to browse terms found in OMIM records.

Help # Use History to retrieve records from previous searches, or to combine searches.
OMIM Help

How o e | OMIM™ - Online Mendelian Inheritance in Man™

’ FAQ
Mumbering System
Symbols = ) 3 r A E
How to Print new OMIM is now incorporated into NCBI's Entrez system and can be queried using the same
mlfx'"‘ approach as the other Entrez databases such as PubMed and GenBank. The previous OMIM pages are
still available here.

OMIM Facts
ﬁl:;‘aﬂ“m Welcome to OMIM, Online Mendelian Inheritance in Man. This database is a catalog of human genes and genetic
Restrictions on Use disorders authored and edited by Dr. Victor A. McKusick and his colleagues at Johns Hopkins and elsewhere, and
N R developed for the World Wide Web by NCBI, the National Center for Biotechnology Information. The database
Genetic Allianca contains textual information and references. It also contains copious links to MEDLINE and sequence records in

the Entrez system, and links to additional related resources at NCBI and elsewhere.

You can do a search by entering one or more terms in the text box above. Advanced search options are
accessible via the Limits, Preview/Index, History, and Clipboard options in the grey bar beneath the text box. The
Davis x;'ﬂhgp":“"“ OMIM help document provides additional information and examples of basic and advanced searches.

Cariell

The Jackson Laboratary The links to the left provide further technical information, searching options, frequently asked questions (FAQ),
Human Gene f 1 ¢ ' ¢ P #

Ml R atifa and information on allied resources. To return to this page, click on the OMIM link in the black header bar or on

the graphic at the top of any OMIM page.

Human Genome
ipad i e NOTE: OMIM is intended for use primarily by physicians and other professionals concerned with genetic

LaziaLink disorders, by genetics researchers, and by advanced students in science and medicine. While the OMIM database
S i Bty is open to the public, users seeking information about a personal medical or genetic condition are urged to

consult with a qualified physician for diagnosis and for answers to personal questions.
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Genetics Home Reference
http:/ / ghr.nlm.nih.gov /

r} Genetics Home Reference

Your Guide to Understanding Genetic Conditions

About Site Map Contact Us

What's New

juvenile Paget disease
Paget disease of bone

3-beta- & Ii"
hydroxysteroid The genetics of more than 450 £ Learn about mutations, tbgl
ﬂ*flf]}’dmg’mff health conditions, diseases, and ° inheritance, genetic counseling,
M syndromes. genetic testing, genomic research,
and more.
Newborn Screening a8 | M@
Detecting genetic More than 700 genes, health | O
disorders for early effects of genetic differences, and Medical and genetics 3
il gene families. definitions.
In the Spotlight
Learning Activities Chromosomes i Resources -
;Eﬂ*;gne;‘ﬁ‘;; Chromosomes, mitochondrial ~ ) || Links to other genetics ¥
Moo dsiiminition DNA, and associated health information and organizations.
Act (GINA) conditions.
Information Rx

Genetic Disorders A to Z

and related genes and chromosomes

Genetic Conditions |

A service of the U.S. National Library of Medicine®

Concepts & Tools

for understanding human genetics

®
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Medline Plus
http:/ /medlineplus.gov /
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Skip navigation

 MedlinePlus®

Trusted Health Information for You

Search MedlinePlus

A service of the U.S. NATIONAL LIBRARY OF MEDICINE
and the NATIONAL INSTITUTES OF HEALTH

About MedlinePlus | Site Map | FAQs | Contact Us

[3 Health Topics
Start here with 800 topics on conditions,
diseases and wellness

[3 Drugs & Supplements
About your prescription and over-the-counter
medicines, herbs and supplements

3 Medical Encyclopedia

Includes pictures and diagrams

3 Dictionary

Spellings and definitions of medical words

3 News

Current health news and press announcements

3 Directories
Find doctors, dentists and hospitals

I3 Go Local
A service for finding local resources for health—
related issues

3 Other Resources

Local health services, libraries, organizations,
international sites and more

3 Multiple Languages

Health information in over 40 languages

Current Health News
*Sinus Surgery Brings Relief to Many
¥ Laser Deemed Best Treatment for Diabetic

Retinopathy
* Effects of Diet on Diabetes Risk Vary by

Ethnicity
* More news

Featured Site

Fight those holiday pounds!

Learn about controlling your
weight

In the Spotlight ¥

Making a New Year's resolution to exercise?
Learn more:

* Exercise and Physical Fitness
» Exercise for Children
* Exercise for Seniors

espanol

Interactive Tutorials
Over 165 Fo
slideshows with )\ L
sound and }::ictureahl‘r

ClinicalTrials.gov

Studies for new
drugs and treatments 8

NIHSeniorHealt -

il
Health information
for older adults

Surgery Videos

Videos of surgical
procedures w

‘@# What's New
E} Director's Comments

r_ﬂ NIH MedlinePlus
L Magazine

@ E-mail Updates and
RSS

a Search Cloud

D Follow Us on Twitter
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Common Gene Variation in Complex Disease

Case-control studies, comparing the frequencies of common gene
variants can identify susceptibility and protective alleles. Many have
multiple identified genes (*)

Phenotype Gene Variant
Peptic ulcer ABO B
IDDM* HLA DR3,4
Alzheimer dementia APOE E4
Deep venous thrombosis* F5 Leiden
Falciparum malaria* HBB 3
AIDS* CCR5 A32
Colorectal cancer® APC 3920A
NIDDM* PPARYy 12A
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2007 SCIENTIFIC BREAKTHROUGH OF THE YEAR

| Science Magazine, December 21, 2007
e __.ﬁ.f)
-Secience;

“It’'s all about me!”

—

| Single Nucleotide Polymorphisms
(SNPs)

BHEAK!HHDUGH.I?FTHE‘(EAE! ‘__
luman Genetic Variation

SNP SNP
v v

Chromosome1 AACACGCCA.... TTCGGGGTC....
Chromosome2 AACACGCCA.... TTCGAGGTC....
Chromosome3 AACATGCCA.... TTCGGGGTC....
Chromosome4 AACA GCCA....TTCG GGTC....

http://www.sciencemag.org/cgi/content/full/318/5858/1842
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International HapMap Project
http:/ /www.hapmap.org/

International HapMap Project

Home | About the Project ] Data | Publications | Tutorial

37 | English | Frangais | B4<5& | Yoruba

The International HapMap Project is a partnership of scientists and funding agencies from Canada, China, Japan, Nigeria, the
United Kingdom and the United States to develop a public resource that will help researchers find genes associated with human
disease and response to pharmaceuticals. See "About the International HapMap Project” for more information.

Project Information

About the Project

HapMap Publications
HapMap Tutorial

HapMap Mailing List
HapMap Project Participants
HapMap Mirror Site in Japan

Project Data

HapMap Genome Browser (
Phase 1,2 & 3 - merged
genotypes & frequencies )

HapMap Genome Browser (
Phase 3 - genotypes,
frequencies & LD )

HapMap Genome Browser (
Phase 1 & 2 - full dataset )
GWAs Karyogram

HapMart

HapMap FTP

Bulk Data Download

Data Freezes for Publication
ENCODE Project

Puirdalinace FEAar Mata | lea

e 2009-12-14: Notice to Haploview users

Recently, there are several questions about Haploview data format errors, and these
errors were observed when users tried to analyze HapMap release 27 data dumped from
HapMap. The current Haploview version (4.1) does not work with release 27 data.
Haploview will generate a software error similar to "Hapmap data format error: NAQE984"
when trying to open the data.

The r27 data format will be supported by next Haploview version. There is a beta test
version that is supposed to work and it can be obtained from

hitp //'www.broadinstitute.org/haploview/aploview-downloads. But since itis NOT an
official release version, please use it base on your own judgment.

2009-12-10: Corrected HapMap3 phased haplotypes available for chromosome X

Phased haplotypes for consensus HapMap3 release 2 data for chromosome X has been
caorrected and the new data are now available for bulk download. Sorry for any
inconvenience this might have caused.

2009-12-02: HapMap3 phased haplotypes available for chromosome X

Phased haplotypes for consensus HapMap3 release 2 data has been phased for
chromosome X and are now available for bulk download. [Update: The downloading was
disabled because several users have found that there are repeating data in some of the
chrX phasing data files. The data source is being contacted and the downloading will be
enabled as soon as the problem is cleared.]
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Using SNPs to Track Predisposition
to Disease and other Genetic Traits
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in a disease group suggests SNPIG percentage will have one
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GWAS: Genome-Wide Association Study
A Brief Primer
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. WTCCC, Nature 2007

Thanks to Daniel Newburger
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A Quantitative Gene-Expression Association

Strong cis-eQTL gene
Sample Population

cDNA Levels
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Genome-Wide Association
Approach to Common and Complex Diseases

® Identify all 10 million common SNPs
® (Collect 1,000 cases and 1,000 controls

* Genotype all DNAs for all SNPs
® That adds up to 20 billion genotypes

® In 2002, this approach cost 50 cents a genotype.

® That's $10 billion for each disease — completely out
of the question

© Francis Collins, 2008
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Progress in Genotype Technology

Cost per genotype (Cents, USD)

10% -

1

ABI
TagMan
ABI
SNPlex lllumina
Golden AfF i
Gate ymetrix
Affymetrix MegAllele
10K _
[llumina
Infinium/Sens Perlegen
. Affymetrix
100K/500K
| | | | | ~ Nb of
10 102 10°  10* 105 109 SNPs

© Francis Collins, 2008
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Genome-Wide Association
Approach to Common and Complex Diseases

® Identify an optimum set of 300,000 tag SNPs
® (Collect 1,000 cases and 1,000 controls

® Genotype all DNAs for all SNPs
® That adds up to 600 million genotypes

* In 2008, genotyping dropped to $0.0010,
amounting to $600,000 for each disease

© Francis Collins, 2008


http://creativecommons.org/licenses/by/3.0/



http://creativecommons.org/licenses/by/3.0/

The FUSION Study
Finland-United States Investigation of NIDDM

n=10,068

*Subject Recruitment and Clinical Testing
*National Public Health Institute
*Helsinki, Finland
*Molecular Genetics
*National Human Genome Research Institute, Bethesda, MD
*University of North Carolina, Chapel Hill, NC
*Biochemical Measurements
*USC Keck School of Medicine, Los Angeles, CA
*Statistical Analysis
*University of Michigan School of Public Health, Ann Arbor, MI

© Francis Collins, 2008
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FUSION =log10 p-value

Results of Genome-Wide Association of
Type 2 Diabetes with 317,503 SNPs

Stage 1: FUSION only (1161 cases + 1174 controls)

A 3 " @ o
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FUSION =log10 p-value

F/BW Meta-analysis —log10 p-value

Results of Genome-Wide Association of
Type 2 Diabetes with 317,503 SNPs
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Genome-Wide Scan for Type 2 Diabetes in a
Scandinavian Cohort
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Top 10 Results From Combined Analysis

FUSION DGI WTCCC/UKT2D All Samples
Gene OR p-value OR p-value | OR p-value | OR p-value
TCF7L2 134 13x10% | 138 23x10* | 137 6.7x10"
IGF2BP2 118 21x10¢ | 117 1.7x10° | 1.11  1.6x10* 8.9 x 101
CDKN2A/B  1.20 .0022 120 54x10% | 1.19  4.9x 107 7.8 x 1073
FTO 1.11 0.016 1.03 0.25 1.23 73 x10H 1.3 x 1012
CDKAL1 1.12 0.0095 1.08 0.0024 1.16 1.3x103 4.1 x 101
KCNJ11 111 0.013 115 1.0x107 | 1.15  0.0013 6.7 x 10!
HHEX 1.10 0.026 1.14  1.7x10¢ | 1.13 4.6 x 10 5.7 x 1010
SL.C30A8 1.18 7.0 x 105 1.07 0.047 1.12 7.0 x 105 53x103
Chr 11 1.48 5.7x103 1.16 0.12 1.13 0.068 4.3 x 107
PPARG 1.20 0.0014 1.09 0.019 1.23 0.0013 1.7 x 10-¢

© Francis Collins, 2008
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Top 10 Results From Combined Analysis

FUSION DGI WTCCC/UKT2D All Samples

Gene OR p-value OR p-value | OR p-value | OR p-value

TCF7L2 134 13x10% | 138 23x10* | 137 67x10" | 137  1.0x 10
IGF2BP2 118 2.1x10¢ | 1.17 17x10° | .11 1.6x10¢ | 1.14 8.9x 10
CDKN2A/B  1.20 0022 120 54x10% | 119 49x107 | 120 7.8x107
FTO 1.11 0.016 1.03 0.25 123 73x10% | 1.17 1.3 x10™
CDKAL1 112 0.0095 | 1.08 0.0024 | 116 13x10® |1.12 4.1x10™
KCNJ11 111 0.013 115 1.0x107 | .15  0.0013 | 114 6.7x10"

HHEX 1.10 0.026 1.14 1.7x10* | 1.13 4.6x10° ] 1.13 5.7x101°

|| SLC30A8 1.18 7.0 x 107 1.07 0.047 1.12 7.0x10° | 1.12 53x10%

Chr 11 1.48 5.7x10% 1.16 0.12 1.13 0.068 1.23 4.3 x 107

PPARG 1.20 0.0014 1.09 0.019 1.23 0.0013 1.14 1.7x10°¢

© Francis Collins, 2008
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SLC30AS8 — A Beta Cell Zinc Transporter

© Francis Collins, 2008


http://creativecommons.org/licenses/by/3.0/

'|°g1g(P)

15
10

15
10

15
10

15
10

15
10

15
10

15
10

et J - J - J 0T i

The Wellcome Trust Case Control Consortium
Genome-wide association study of 14,000 cases of
seven common diseases and 3,000 shared controls

Nature 447, 661-678 (7 June 2007)
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2007: The Year of GWA Studies?
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The Genomics Gold Rush

Disease Gene or Loci Date Reported
Prostate Cancer 8924 April 1, 2007
Acute Lymphoblastic PAX 5 and others April 12, 2007
Leukemia
Obesity FTO April 12, 2007
Multiple Solid Tumors CASP8 April 22, 2007
Diabetes, Type Il CDKAL1 and 6 others April 26,2007
Myocardial Infarction, 9p21 May 3, 2007
Coronary Artery Disease
Breast Cancer FGFR2, TNCR9, MAP3K1, May 27, 2007
LSP and others
Crohn’s Disease IRGM June 7, 2007
Diabetes, Type | 12924 and others June 7, 2007
Bipolar Disorder 16p12 June 7, 2007
Rheumatoid Arthritis 6p21, 1p13 June 7, 2007
Celiac Disease IL-2, IL-21 June 10, 2007
Atrial Fibrillation 4925 July 1, 2007

© Topol, Murrary & Frazer, JAMA 2007 218-221.
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The Genomics Gold Rush

Disease Gene or Loci Date Reported
Diabetes, Type Il WFS1 July 1, 2007
Prostate Cancer TCF2; 17p July 1, 2007
Asthma (childhood) ORMDL3 July 4, 2007
Colon, Prostate Cancer 8qg24 July 8, 2007
Diabetes, Type | KIAA0350 July 15, 2007
Gallstone Disease ABCGS July 15, 2007
Restless Leg Syndrome MEIS1, BTBD9, MAP2K5 July 18, 2007
Coronary Artery Disease 6925, 29436 July 18, 2007
Age-Related Macular CF3 July 18, 2007
Degeneration

HIV Host Control HLA-B*5701 July 19, 2007
Multiple Sclerosis IL7Ra; IL2Ra July 28, 2007
Amyotrophic Lateral FLJ10986 August 1, 2007
Sclerosis

Diabetes, Type | IL2Ra August 5, 2007
Glaucoma LOXLA1 August 9, 2007
Rheumatoid Arthritis TRAF1-C5 August 31, 2007

© Topol, Murrary & Frazer, JAMA 2007 218-221.



http://creativecommons.org/licenses/by/3.0/

The Genomics Gold Rush

Disease

Gene or Loci

Date Reported

Colorectal Cancer SMAD7 October 14, 2007
Ankylosing Spondylitis ARTS1, IL23R October 21, 2007
Autoimmune Thyroid Disease TSHR, FCRL3 October 21, 2007
Rheumatoid Arthritis 6923 November 4, 2007
Psoriasis B-Defensin CNV December 2, 2007
Systemic Lupus Erythematosus | TNFSF4 December 2, 2007
Amyotrophic Lateral Sclerosis DPP6 December 16, 2007

Colorectal Cancer

CRAC1 (HMPS)

December 16, 2007

Systemic Lupus Erythematosus

PXK, KIAA1542, BANK1,
C8orf-BLK, ITGAM

January 20, 2008

Lipoprotein Disorders

MLX1PL and Multiple Others

January 13, 2008

Hypercholesterolemia

CELSR2

February 9. 2008

Prostate Cancer

2p15, Xp11.22 and Others

February 10, 2008

Gout

SLC2A9

March 9, 2008

Schizophrenia

ERBB4, SLC1A3 and Others

March 27, 2008

© Topol, Murrary & Frazer, JAMA 2007 218-221.
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The Genomics Gold Rush

Disease

Gene or Loci

Date

Colorectal Cancer

10p14,8923.3,18921,11923

March 30, 2008

Diabetes, Type 2

JA2F1 and others

March 30, 2008

Nicotine Add, Lung Ca, PAD 15925 April 3, 2008
Hypertension SLC12A3, SLC12A1,KCNJ1 April 6, 2008
Crohn’s Disease and ECM1and others April 27, 2008
Ulcerative Colitis PTPN2, HERC2, STAT3

Breast Cancer (ER +) 5p12 April 27, 2008
Osteoporosis RANKL1,0PG, ESR April 29, 2008
Obesity MC4R May 4, 2008
Neuroblastoma 6p22 May 7, 2008
Melanoma and Basal Cell Ca 20q11.22, ASIP, TYR May 18, 2008
Gastric Cancer PSCA May 18, 2008
Macular Degeneration ARMS2 May 30, 2008
Alzheimer’s Disease CALHM1 June 27, 2008
Crohn’s Disease JAK2, CDKAL1, ITLN1, more | June 29, 2008
Obesity PCSK1 July 7, 2008
Knee Osteoarthritis DVWA July 14, 2008
Statin Myopathy SLCO1B1 July 24, 2008

© Topol, Murrary & Frazer, JAMA 2007 218-221.
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The Genomics Gold Rush

Disease Gene or Loci Date

Restless Leg Syndrome PTPRD July 27, 2008
Schizophrenia 1921, 15913 July 31, 2008
Systemic Lupus Erythematosus TNAIP3 August 1, 2008
Sarcoidosis ANXA11 August 10, 2008
Bipolar Disorder ANK3, CACNA1C August 17, 2008
Diabetes, Type Il KCNQ1 August 17, 2008
Crohn’s Disease IRGM August 24, 2008
Prostate Cancer HNF1B August 31, 2008

CLL

2913, 2937, and others

August 31, 2008

Pediatric Inflammatory Bowel Dz

20913, 21922

August 31, 2008

Rheumatoid Arthritis

CD40, CD244, 10p15, 12913,
22q13

September 14, 2008

Bladder Cancer 8924 September 14, 2008
ESRD, Focal Glomerulosclerosis MYH9 September 14, 2008
Narcolepsy CPT1B, CHKB September 28, 2008
Fatty Liver Disease (non-EtOH) PNPLA3 September 28, 2008

Gout

SLC2A9, SLC17A3

October 1, 2008

© Topol, Murrary & Frazer, JAMA 2007 218-221.
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The Genomics Gold Rush

Disease Gene or Loci Date

Male Pattern Baldness 20p11 October 12, 2008
Basal Cell Carcinoma 1p36, 1942 October 12, 2008
Asthma 17921 October 15, 2008
Lung Cancer 5p15, 6p21 November 2, 2008
Diabetes, Type 1 4927, BACH2, PRKCQ November 2 ,2008
Multiple Sclerosis KIF1B November 9, 2008
Intracranial Aneurysm SOX17, 2p33 November 9, 2008
Colon Cancer BMP4, CDH1, RHPN2, 20p12 November 16, 2008

© Topol, Murrary & Frazer, JAMA 2007 218-221.
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approach has successfully plucked from our DNA code hundreds of the pesky one-letter genetic variations : catalog
that contribute to the risk of common health conditions, such as obesity and Type 2 diabetes. : markers
DMNA
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The genome-wide association study (GWAS) publications listed here include only those attempting to
assay at least 100,000 single nucleotide polymorphisms {(SNPs) in the initial stage. Publications are organized
from most to least recent date of publication, indexing from online publication if available. Studies focusing onl
on candidate genes are excluded from this catalog. Studies are identified through weekly PubMed literature
searches, daily NIH-distributed compilations of news and media reports, and occasional comparisons with an
existing database of GWAS literature (HuGE Navigator).

SNP-trait associations listed here are limited to those with p-values < 1.0 x 10-5 (see full methods for additione
details). Multipliers of powers of 10 in p-values are rounded to the nearest single digit; odds ratios and allele
frequencies are rounded to two decimals. Standard errors are converted to 95 percent confidence intervals
where applicable. Allele frequencies, p-values, and odds ratios derived from the largest sample size, typically a
combined analysis (initial plus replication studies), are recorded below if reported; otherwise statistics from the

Published Genome-Wide Associations
Credit: Darryl Leja and Teri Manolio

View as PDF initial study sample are recorded. For quantitative traits, information on % variance explained, SD increment, o
B ¥ p q p ’
unit difference is reported where available. Odds ratios < 1 in the original paper are converted to OR > 1 for th:
View PowerPoint Slide [a] alternate allele. Where results from multiple genetic models are available, we prioritized effect sizes (OR's or

beta-coefficients) as follows: 1) genotypic model, per-allele estimate; 2) genotypic model, heterozygote

estimate, 3) allelic model, allelic estimate.
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As of 03/02/10, this table includes 496 publications and 2341 SNPs.
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to Catalog
(since
11/25/08)

03/02/10

02/28/10

First Author/Date/

Journal/Study

Shi

February 02, 2010
Mol Psychiatry
Genome-wide
association study of
recurrent early-onset
major depressive
disorder

Petersen

January 24, 2010
Nat Genet

A genome-wide
association study
identifies pancreatic

cancer susceptibility loci

on chromosomes
13g922.1, 1932.1 and

Disease/Trait

Major depressive
disorder

Pancreatic cancer

Catalog of GWAS Studies

Initial Replication Sample

Sample Size

1,020 European | NR
cases, 1,636
European

controls

3,851 cases, NR
3,934 controls
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Study Designs Used in Genome-wide

Association Studies

Table 1. Study Designs Used in Genome-wide Association Studies

Case-Control

Cohort

Trio

Assumptions

Case and control participants are drawn
from the same population

Case participants are representative
of all cases of the disease,
or limitations on diagnostic specificity
and representativeness are
clearly specified

Genomic and epidemiologic data are
collected similarly in cases and
controls

Differences in allele frequencies relate to
the outcome of interest rather than
differences in background population
between cases and controls

Participants under study are more
representative of the population
from which they are drawn

Diseases and traits are ascertained
similarty in individuals with and
without the gene variant

Disease-related alleles are transmitted in
excess of 50% to affected offspring
from heterozygous parents

Advantages

Short time frame

Large numbers of case and control
participants can be assembled

Optimal epidemiologic design for
studying rare diseases

Cases are incident (developing during
observation) and free of survival bias

Direct measure of risk

Fewer biases than case-control studies

Continuum of health-related measures
available in population samples not
selected for presence of disease

Controls for population structure;
immune to population stratification

Allows checks for Mendelian inheritance
patterns in genotyping quality control

Logistically simpler for studies of
children’s conditions

Does not require phenotyping of parents

Disadvantages

Prone to a number of biases including
population stratification

Cases are usually prevalent cases,
may exclude fatal or short episodes,
or mild or silent cases

Overestimate relative risk for common
diseases

Large sample size needed for
genotyping if incidence is low
Expensive and lengthy follow-up
Existing consent may be insufficient for
GWA genotyping or data sharing
Requires variation in trait being studied
Poorly suited for studying rare diseases

May be difficult to assemble both
parents and offspring, especially in
disorders with older ages of onset

Highly sensitive to genotyping error

Copyright restrictions' may.apply.

Pearson, T. A. et al. JAMA 2008:299:1335-1344
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Replication A Must

Number of SNFs
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’) R ﬂ ﬂ k \ / Replication
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R R R R eplication

Nature Reviews | Genetics

Hirschhorn & Daly Nat. Genet. Rev. 6: 95, 2005
NCI-NHGRI Working Group on Replication Nature 447: 655, 2007

[@-;) ©) | Doug Brutlag 2010
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Examples of Multistage Designs in
Genome-wide Association Studies

Table 2. Examples of Multistage Designs in Genome-wide Association Studies?

3-Stage Studyb

I I
Case Participants/

4-Stage Study®

Case Participants/

Stage Control Participants SNPs Analyzed Control Participants SNPs Analyzed
1 400/400 500000 2000/2000 100000
2 4000/4000 25000 2000/2000 1000
3 20000/20 000 25 2000/2000 20
4 200072000 5

Abbreviation: SNP, single-nucleotide polymorphism.
aBased on hypothetical data.

Five SNPs associated with disease.
CTwo SNPs associated with disease.

Pearson, T. A. et al. JAMA 2008;299:1335-1344
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Hypothetical Quantile-Quantile Plots in

Genome-wide Association Studies
B Before-and-after adjustment for population

A | Before-and-after exclusion of most strongly
associated locus stratification
25 25
L
. .
H h
% 15 j = 15
o 10 e“f( o 10
 All SNPs % Statistics
D ® Exclusion of most D * Unadjusted
strongly associated locus ® Adjusted
0 5 10 15 20 25
Expected ¥*

0 5 10 15 20 25
Expected #°
Pearson, T. A. et al. JAMA 2008:299:1335-1344

Copyright restrictions may. apply.
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Interleukin 23R & Inflammatory Bowel Disease

B Figure 2. Associations in the /L23R Gene Region Identified by a Genome-wide Association
Study of Inflammatory Bowel Disease
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Genome-Wide Associations in Rheumatoid
Figure 3. Genome-wide Association Findings in Rheumatoid Arthritis
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Ten Basic Questions to Ask About a
Genome-wide Association Study Report

1. Are the cases defined clearly and reliably so that they can be compared with
patients typically seen in clinical practice?

2. Are case and control participants demonstrated to be comparable to each
other on important characteristics that might also be related to genetic variation
and to the disease?

3.Was the study of sufficient size to detect modest odds ratios or relative risks
(1.3-1.5)?

4. Was the genotyping platform of sufficient density to capture a large
proportion of the variationin the population studied?

5. Were appropriate quality control measures applied to genotyping assays,
including visual inspection of cluster plots and replication on an independent
genotyping platform?

6. Did the study reliably detect associations with previously reported and
replicated variants (known positives)?

7.Were stringent corrections applied for the many thousands of statistical tests
performed in defining the P value for significantassociations?

8. Were the results replicated in independent population samples?

9. Were the replication samples comparable in geographic origin and phenotype
definition, and if not, did the differences extend the applicability of the findings?

1N Alac orvidovico nvraridod fov a fumictinnal valo fov tho covo nolinmmnvrnhicv 1dontifiod?

Pearson, T. A. et al. JAMA 2008;299:1335-1344
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Do genetic differences between ethnic groups
contribute to differences in fatty liver disease?

Normal Steatosis  Steatohepatitis  Cirrhosis
10-20%

1-2%
>
1St llHit" 2nd "Hit"

Normal Steatosis Inflammation/
Fibrosis

Hispanics
European-Americans
African-Americans

© Helen Hobbs 2009
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Hepatic Steatosis

* Obesity

* Type 2 diabetes
* Ethanol

® Hepatitis C

© Helen Hobbs, Nature Genetics V40, pp 1461, 2008
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Genome-Wide Association Study for Hepatic
Triglyceride Content in the Dallas Heart Study

Restricted to nonsynonymous SNPs

Chip-based oligonucleotide hybridization (Perlegen)
Quality filter: n=12,138 — 9,229

Association with hepatic fat, adjusted for ancestry
(2,270 ancestry informative SNPs)

1,032 African-Americans
696 European-Americans
383 Hispanics

n=27111
Romeo, et al.(2008) Genetic Variation in PNPLA3 confers susceptib

© Helen Hobbs 2009
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Genome-wide Association Study in DHS
Non-synonymous SNPs (n = 9,229)

10-

P=5.9 X 10-1°
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© Helen Hobbs, Nature Genetics V40, pp 1461, 2008
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PNPLA3: A Member of the Patatin-like
Phospholipase Family

47 166
GASAG DGGV

\/ 1148M
Patatin Like Domain

1 276 481

* Resembles patatin: major potato protein

* Nonspecific lipid acyl hydrolase activity (TG>PL)
* Expressed high level in fat & liver

* Increased with feeding (especially carbohydrates)

© Helen Hobbs, Nature Genetics V40, pp 1461, 2008 © Helen Hobbs 2009
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Ethnic Differences in the Frequency of

PNPLA3-1148M
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: Hispanics
Americans P
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© Helen Hobbs, Nature Genetics V40, pp 1461, 2008
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PNPLA3: 1148M and Hepatic TG Content
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© Helen Hobbs, Nature Genetics V40, pp 1461, 2008 © Helen Hobbs 2009
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1148M & Catalytic Dyad of PNPLA3

47 166
GASAG DGGV

o~ M4sm
Patatin Like Domain |

© Helen Hobbs 2009
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PNPLA3 & Hepatic Triglyceride Metabolism

Liver

PNPLA2 (ATGL) Fasting

PNPLA3 (Adiponutrin) Fed
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* Therapeutic target

* PNPLAS:
TG metabolism ° Prevention strategy

* Risk stratification

© Helen Hobbs 2009
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1866: Gregor Mendal discovers tha laws of inhertanca,

200,000 vaars sgo: Homo saplens walks the Earth 20043: The Human Genome Project maps a single parson'a genoime.

2007: 23andMe introduces the first Personal Genome Service.
Unlock the secrets of your own DNA. Today.

175,000 years ago: The mother of all present-day humans s born in Afnca.

1853: Watson and Crick uncover the double-helix structure of DNA
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New at 23andMe

You’ve got relatives.

Introducing Relative Finder, 23andMe’s premier
tool to help you explore your ancestry.
Connect with living relatives and
discover whole new branches of

your family tree!

"~ Visit Relative Finder

MNew articles added to My Health and Traits.

« Oral Contraceptives, Hormone Replacement Therapy and Risk of
Venous Thromboembolism

e Drinking, Smoking, and Esophageal Cancer

e Response to Hepatitis C Treatment

» view all reports

Three new surveys added to 23andWe.

e HiIMN1 Flu (Swine Flu)
e Longevity
s Sports Injuries

» view all surveys

Support disease research through Research Revolution.

Join our most ambitious effort yet to let our customers direct and
advance human knowledge of how genes and environment affect
health. Any 23andMe customer can vote to support research.

» vote!
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» Edit sharing preferences

Help/Contact Us
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Before you view your data...

Knowing your genetic information can have serious and unexpected consequences. Consider the following before yo
view your genetic data regarding Breast/Ovarian Cancer:

« The influence of environmental factors: The risk for breast and ovarian cancer is only partially determined by
genetics. Environmental factors, including but not limited to diet and lifestyle, also play significant roles.

= This is not the entire genetic picture: The mutations reported by 23andMe account for only a portion of the
entire geneatic contribution to breast and ovarian cancer. There are other known mutations, including many in
BRCA1 and BRCAZ, for which 23andMe does not provide data. If you are concerned about these, you should
consult a medical professional about taking specific tests that offer a more complete assessment of these two
genes. There are also unidentified genetic factors that affect breast cancer risk.

= Your ancestry affects your chances of having these mutations: Though extremely rare in the general
population, these mutations are much more common in families with Ashkenazi Jewish ancestry.

= The mutations described here cannot predict definitively whether you will develop breast or ovarian
cancer: Though having these mutations greatly increases the risk for both diseases, many people who have then
will never get the disease. Conwversely, lacking these mutations does not substantially reduce yvour breast or
ovarian cancer risk.

= These mutations are also relevant to men: Although men are not at risk for ovarian cancer and are at very low
risk for breast cancer, BRCA1 and BRCAZ mutations can increase a man's risk for prostate cancer and male
breast cancer. Men who carry one of these mutations have a 50% chance of passing it on to their daughters, whc
would then be at increased risk for breast and owvarian cancer. The mothers and sisters of men who carry one of
these mutations also have a 50% chance of being carriers.

= The wishes of members in your account: You are about to unlock results for everyone in your account,
including the following individuals:

Douglas Brutliag

If any of these people do not want to know their genetic status with regard to Breast/Owvarian Cancer, it is your
responsibility to ensure this information is not revealed to them or others. You may also request to transfer a
profile to a separate account by emailing help@23andme.com.

If, after considering these points, you still wish to view your data, click here.
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Earwax Type 3 Wet Esophageal Cancer )
Eye Color 5 Likely Brown Response to Hepatitis C Treatment [fgw] Ty
Lactose Intolerance »% Likely Tolerant Abacavir Hypersensitivity Ty
See all 10 traits... Fluorouracil Toxicity Ty

See all 8 drug respt

See new and recently updated reports »

The genotyping services of 23andMe are performed in LabCorp's CLIA-certified laboratory. The tests have not been cleared or app!
by the FDA but have been analytically validated according to CLIA standards.
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« Return to Overview | Disease Risks | Carrier Status |
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Rheumatoid Arthritis
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The genotyping services of 23andMe are performed in LabCorp’s CLIA~certified laboratory. The tests have not been cleared or approw
by the FDA but have been analytically validated according to CLIA standards.
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The genotyping services of 23andMe are performed In LabCorp’s CLIA~certified laboratory. The tests have not been cleared or ap

by the FDA but have been analytically validated according to CLIA standards.
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My Gene Journal (60)

Browse Raw Data

maternal line

family & friends Map  History

Compare Genas

Haplogroup Tree

Maternal Haplogroup: U3

Locations of haplogroup U5 circa 500 years ago, before the era of intercontinental travel.

Family Inheritance

my ancestors
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» Maternal Line =
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L Ny
Ancestry Palnting . America Atiantic
Global Similarity Paciic Ocean
FAfrica Ocean
account Indian South
Ocean America
My Profiles Australia
Genome Sharing ]
0% 50% 100%

Seftings
Help/Contact Us Haplogroup U5 arase among early colonizers of Europe around 40,000 years ago; maternal
descendants of those early colonizers persist in the region to this day. After the last lce Age
two subgroups of U5 expanded across Europe and into northern Africa and the Near East.
Today, one subgroup, USb1b, is shared by groups as diverse as the northern African desert-

dwelling Berbers and the Scandinavian Arctic-dwelling Saami, also known as the Lapps.

)

genetics 101 = blog = help @ sign out

Your mitochondrial DNA determines your maternal haplogroup. What is a haplogroup?

Haplogroup: U5, a subgroup of U
Age: 40,000 years
Reglon: Europe, Mear East, Morth Africa

Populations: Basques, Saami (Lapps) of
northern Scandinavia

Highlight: Though primarily a European
haplogroup, U5 was recently found in
mitochondrial DNA extracted from the
remains of a Bth-century AD Chinese
chieftain.

Your Family and Friends

Kiaibla Simone Brutlag
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23andMe genetics just got personal.

MRS ame paternal line

. My Gene Journal (60)
Browsa Raw Data Your Y chromosome DNA determines your paternal haplogroup. What is a haplogroup?
'. family & friends ~ Map .' History | | Haplogroup Tree

Compare Genes

Paternal Haplogroup: E3b1a Haplogroup: E3b1a, 2 sibgroup ofE3
Locations of haplogroup E3b1a circa 500 years ago, before the era of intercontinental travel. Age: 14,000 years

Family Inheritance

oy ancestors Reglon: Northern Africa, Southern
. Maternal Line Europe
b Paternal Line Euroge Asia North Populations: Berbers, Iberians, Balkans
Ancesry Palnting Ao Amerca Atlantic Highlight: Two different migrations
Global Similarity Pacific Ocean brought E3b1a into Europe.
A Ocean
account - Indian South
Crcean America Your Family and Friends
My Profiles Australia -
Genome Sharing e N Chinese Man
0% 50% 100%
Settings E3aBa Nigerian Man
Help/Contact Us E3b Is most commaon in northern Africa and southern Europe. It arose about 17,000 years E3bla Douglas Brutlag

ago in eastern Africa and spread into the Mediterranean region after the Ice Age. E3b1a, a
subgroup of E3b, expanded out of the Near East 8,000 years ago into northern Africa and

southern Europe. Today itis ane of the most comman haplogroups in those regions.

Japanese Man
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. Browse Raw Data Trace the ancestry of your chromosomes, one segment at a time. Last updated April 23th, 2008.
family & friends Chromosome View
l Compare Genes IR Solid segments indicate that both chromosomes come from the same geographic region. See a Cambodian Woman's painting.
Family Inheritance = Dual-colored segments indicate chromosomes from different geographic reglons. See an African American Man's painting.
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