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_ The Future of Genetic Studies of
Complex Human Diseases

Neil Risch and Kathleen Merikangas
SCIENCE » VOL. 273 * 13 SEPTEMBER 1996
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Office of
‘ CE") Extramural Research

National Institutes of Health

Funding Opportunities Genome-Wide Association Studies (GWAS)

Funding Opportunities [RFAs,
PAs] B Motices

The NIH is interested in advancing genome-wide association studies (GWAS) to identify commeon genetic factors that influence health and

Unsalicited Applications [Parent disease. For the purposes of this policy, a genome-wide association study is defined as any study of genstic variation acress the antire
Announcements) human genome that is designed to identify genetic associations with observable traits (such as blood pressure or weight), or the presence or
absence of a disease or condition. Whole gencme informaticn, when combined with clinical and other phenotype data, offers the potential for
Research Training & Career increased understanding of basic biological processes affecting human heaalth, improvement in the prediction of disease and patient care,
Development and ultimately the realization of the promise of personalized medicine. In addition, rapid advances in understanding the patterns of human
Small Business [SBIR/STTR] genetic variation and maturing high-throughput, cost-effective methods for genotyping are providing powerful research tools for identifying

genetic variants that contribute to health and disease. The purpose of this Website is to support the implementation of the GWAS Policy.
Contract Opportunities

The NIH will continue to release additional guidance information on this site. Please e-mail GWAS@mail.nih.gov with any gquestions.

NIH-Wide Initiativas Recent News

Stem Cell Infarmation B
» NIH Background Fact Sheet on GWAS Policy Update - (08/28/2008) (PDF - 40 KB)

MNew and Early Stage
Inwvestigators

» NIH Modifications to Genome-Wide Association Studies (GWAS) Dats Access - (08/28/2008) (PDF - 42 KB)
Genome-Wide Association
Studies [GWAS)
MIH Rosdmap for Medical Data Access Information

Research
» Senior Oversight Committee (SOC) Charge and Roster - (07,/10/2008) (PDF - 103 KB)

Global DER Resources - Data Access Committees (DACs) Charge and Roster - {(07/10/2008) (POF - 50 K8)

Glossary B Acronyms
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il genome.gov
Il National Human Genome Research Institute

Mational Institutes of Health

Research Health Policy , 1 Careers
& Ethics | Resources . & Training

Home * Educationsl Resources * Fact Shests ! Genome-Wide Association Studies n Share this page | | = Print

Genome-Wide Association Studies

Genome-Wide fAexocialion Stodies Tor
the Rest of Us: S&difing Genome-Wids

i What is a genome-wide association study?
i Why are such studies possible now?

My How will genome-wide association studies benefit human health? A=sociation to Popuialicn Studiss
iy What have genome-wide association studies Found? Dastou, Mass:

Jumee 23, 2007
M How are genome-wide association studies conducted?

Ny How can researchers access data from genome-wide association studies?
iy What is NIH doing to support genome-wide association studies?

What is a genome-wide association study?

A genome-wide association study is an approach that involves rapidly scanning markers across the complete sets of DNA, or genomes, of
many people to find genetic variations associated with a particular disease. Once new genetic associations are identified, researchers can
use the information to develop better strategies to detect, treat and prevent the disease. Such studies are particularly useful in finding
genetic variations that contribute to common, complex diseases, such as asthma, cancer, diabetes, heart disease and mental illnesses.

& Top of page

Why are such studies possible now?

With the completion of the Human Genome Project in 2003 and the International HapMap Project in 2005, researchers now have a set of
research tocls that make it possible to find the genetic contributions to common diseases. The tools include computerized databases that
contain the reference human genome sequence, a map of human genetic variation and a set of new technologies that can gquickly and
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= ¥ A Catalog of Published Genome-Wide Association Studies

Office of Population Genomics £ share thiz page | | =y Print
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A Catalog of Published Genome e Association Studies

Potential etiologic and functional implications of genome-wide association loc for human diseases and traits Eﬁ'

Click here to read our recent Proceedings of the Academy =f Sciences [PNAS) article on cataleg methods and analysis,

» RSS Web Feeds

® cotothe Catalog

Pabliitied Gencrme-ieis Ansociatian hough 123000,
s

s a1 e The genome-wide association study (GWAS) publications listed here includs only those sttempting to 2s=say at least 100,000 single nuclestide palymerphizms (SHPs)

in the initial stage. Publications are organized from mast to least recent date of publication, indexing from online publication if available. Studies facusing only on

i

candidate genes =re excluded from this catalog. Studies are identified through weekly PubMed litersture searches. daily NIH-distributed compilations of news and

i
il

mediz reports, and cccasional comparisons with an existing database of GWAS literature {HuGE Navigatar].

SHP-trait as=sociations listed here are limited to thoss with p-values < 1.0 x 10-3 (see full methods for additional dstails], Multipliers of powers of 10 in p-values are

waj
e

rounded to the nesrest single digit; odds ratios and allele frequencies are rounded to two decimals. Standard errors are converted to 35 percent confidence intervals

where applicable, &llele freguencies; 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 fram the initiz| study sample ar= recarded. For guantitative traits. infarmation on %t varizance explained, SO increment.

or unit difference is reported where avasilable. Odds ratios < 1 in the original paper are converted to OR > 1 for the zlternate allele. Whera results from multiple gensatic

. ?7) &?'42'2 C1-
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BREAKTHROUGH OF THE YEAR

Human (Genetic
Variation - /

Equipped with faster, cheaper technologies for sequencing \ A
DNA and assessing variation in genomes on scales ranging , _
from one to millions of bases, researchers are finding out g
how truly different we are from one another

THE UNWEILING OF THE HUMAN GENOME ALMOST 7 YEARS AGO
cast the first faint light on our complete genetic makeup. Since then, each =M~
new genome sequenced and each new individual studied has illuminated W ) s-.ertinn ’
our genomic landscape inever more detal. In 2007, researchers came to
appreciate the extent to which our genomes differ from person to person CI@ ( ﬁ B @ E G G )
and the implications of this variation for deciphering the genetics ofcom- Diedation Copy nu;-nl:\aa- varaicn
plex diseases and personal traits.

Less than a year ago, the big news was triangulatin g variation p ; .

) 2 £ g . . £ £ ‘ What makes us unique. Changesin
between us and our primate cousins to get a better handle on genetic e numbet and aiderof ganés (A-0) ARNB
changes u]unglh.e :wululit:_mary tree that led to humans. Now, we have add variety to the human genome. Feference
moved from asking what in our DNA makes us human to striving Lo
.t
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2009 4th quarter

O Homocysteine levels @ Matrix metalloproteinase levels @ @ Response to hepatitis C ireat
: @ |Idiopathic pulmonary fibrosis © MCP-1 @ Panic disorder ) Restless legs syndrome

B % @ Chrenic lymphocytic leukemia @ F cell distribution @ IgE levels O Mean platelet volume @ Parkinson's disease & Rheumatoid arthritis

13 © Bipolar disorder @ Cleft lipipalate © Fibrinogen levels © Inflammatory bowel disease @ Melanoma O Pesiodantitis © Schizophrenia
O Acute lymphoblastic leukemia @ Biiirubin @ Cognitive function @ Folate pathway vitamins @ Intracranial anewrysm O Menarche & menopause @ Peripheral arterial disease O Serum metabolites
@ Adiponectin levels @ Bladder cancer @ Colorectal cancer O Freckles and burning @ Iris color @ Multiple sclerosis @ Phasphatidyicholine levels @ Skin pigmentation
@ Age-related macular degeneration @ Blond or brown hair @ Coronary disease O Gallstones. @ Iron status markers O Myeloproliferative necplasms @ Primary biliary cirrhosis Soluble E-selectin
O AIDS pragression @ Bleod pressure @ Creutzfeldt-Jakob disease @ Glioma @ Ischemic stroke O Narcolepsy @ Prostate cancer @ Soluble ICAM-1
@ Algohol dependence @ Biue or green eyes @ Crohn's disease @ Glycemic traits O Juvenile idiopathic arthritis (O Masopharyngeal cancer O Protein levels @ Speech perception O Type 1diabetes
@ Azheimer disease @ BMI, waist circumference Cutaneous nevi O Hair color @ Kidney stones O Meuroblastoma O Psoriasis O Sphingolipid levels @ Type 2 diabetes
O Amyotrophic lateral sclerosis O Bone density @ Dermatitis @ Hair morphotogy @ Leprosy @ Micotine dependence @ Puimanary funct COPD @ Statin-induced myopathy @ Urate
@ Arterial stiffness @ Breast cancer @ Drug-induced liver injury O Heart rate @ LOL cholesterol @ Hongndromic clef fip whwo el paizle @ QT interval @ Stroke @ Vencus thromboembelism
@ Asthma @ C-reactive protein @ Eosinophil count @ Height @ Liver enzymes @ Obesity @ Quantitative traits O Systemic lupus erythematosus @ Vitamin B12 levels
@ Auial fibritation @ Cardiac ion @ Erythrocy Q© Hepatitis @D LP (a) levels @ Open perscnality © Recombination rate © Testicular germ cell tumar Warfarin dose
@ Attention deficit hyperactivity disorder @ Camitine tevels @ Esophageal cancer @ Hirschsprung's disease @ Lung cancer @ Ctosclerosis @ Red vs.non-red hair @ Thyroid cancer @ Weight
@ Autism @ Carolencidtocopherd levels @ Essential tremor O HIV-1 control @ Malaria © Other metabolic traits @© Renal function @ Total chalesterol O White cell count
@ Basal cell cancer © Celiac disease @ Exioliation glaucoma O HOL cholesterol @ Male pattern baidness @ Ovarian cancer @ Reasponse o antipsychetic therapy @ Triglycerides @ YKL-0 levels
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Genetic Risk Prediction — Are We There Yet?

Peter Kraft, Ph.D., and David |. Hunter, M.B,, B.S., Sc.D., M.P.H.

major goa! of the Human

Genome Project was to facili-
tate the identification of inherit-
ed genetic variants that increase
or decrease the risk of complex
diseases. The comgletion of the
International HapMap Project and
the development of new methods
for genotyping individual DNA
samples at 500,000 or more loci
have led to a wave of discoveries
through genomewide association
studies. These analyses have iden-
tified common genetic variants
that are associated with the risk
of more than 40 diszases and hu-
man phenotypes. Several compa-
nies have begun offering direct-
to-consumer testing that uses the

tests of genetic predisposition to
important diseases would have
major clinical, social, and econom-
ic ramifications. But the great ma-
jority of the newly identified risk-
marker alleles confer very small
relative risks, ranging from 1.1 to
1.5,2 even though such analyses
meet stringent statistical criteria
(i.e., the identification of associa-
tions with disease that have very
small P values and hence are un-
likely to be false positives). How-
ever, even when alleles thar are
associated with a modest increase
in risk are combined, they gener-
ally have low discriminatory and
predictive ability.?

One argument in favor of us-

est relative risks are almost cer-
tainly overrepresented mn the first
wave of findings from genome-
wide association studies, since
considerations of statistical pow-
er predict that they will be iden-
tified first. However, a striking
fact about these first findings is
that they collectively explain only
a very small proportion of the
underlying genetic contribution
to most studied diseases. (Some
exceptions exist — notably, age-
related macular degeneration, for
which a few alleles explain a sub-
stantial fraction of the genertic
contribution.) Several lines of evi-
dence support this overall con-
clusion.
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component mieractions. Unpage 393 ol this
1ssue, Ishit ef ol (1) provide unsurpassed com-
plate and quantitative data of components at the
various constituent levels i abactenal cell.

putational mference ¢l structure, type, and
quantity of component interactions from
duta; and (iv) rigerous integration of hetero
gencouy data. The last step is requited

endpomt ol gene, protein, and meatabolie
interactions—the intracellular metakolic
fluxes — were quantified from Ho labeling
expeiiments (5). In a laborious procedure,
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