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Population Genomics: MissionPopulation Genomics: Mission

NHGRI will facilitate the application of genomicNHGRI will facilitate the application of genomic 
knowledge to health by establishing an Office of 
Population Genomics, whose mission is to:

Promote multi-disciplinary research in 
epidemiology and genomics by applyingepidemiology and genomics, by applying 
genomic technologies to existing population 
and clinical studies, and developing new , p g
population resources for investigation of 
genetic and environmental contributions to 
complex diseases.



Population-Based Research MethodsPopulation-Based Research Methods

• Findings can be generalized to broad population,Findings can be generalized to broad population, 
not just to those coming to clinical care

• Phenotypes (diseases, traits, risk factors) and yp ( , , )
environmental exposures defined in valid, 
reproducible, and transportable manner

• Generally need to be large to reduce sampling 
variation and spurious findings, allow meaningful 

b l t ti f di it fsubgroup analyses representative of diversity of 
US population



Collins et al, Nature 2003; 422:835-47.



Genomics to Health: Grand ChallengesGenomics to Health: Grand Challenges
• II-1:  Develop strategies for identifying the genetic p g y g g

contributions to disease and drug response
• II-2:   Develop strategies for identifying gene variants that 

contribute to good health and resistance to diseasecontribute to good health and resistance to disease
• II-3:   Develop genome-based approaches to prediction 

of disease susceptibility and drug response, early 
detection of illness and molecular taxonomy of diseasedetection of illness, and molecular taxonomy of disease 
states

• II-5:  Investigate how genetic risk information is conveyed 
i li i l tti h th t i f ti i fl h lthin clinical settings, how that information influences health 
strategies and behaviours, and how these affect health 
outcomes and costs.



Initial Goals of Population Genomics at 
NHGRI O t b 2005 tNHGRI: October 2005 - present

• Establish research resources to identify genesEstablish research resources to identify genes 
related to complex diseases and their 
environmental modifiers.

• Improve analysis strategies for relating 
genotypic to phenotypic data. 
B ild f l NIH id ll b ti i• Build successful NIH-wide collaborations in 
population-based genomic research.

• Develop novel population research approaches• Develop novel population research approaches. 
• Support cross-disciplinary training for 

geneticists epidemiologists clinicalgeneticists, epidemiologists, clinical 
researchers, and clinicians.



Goal #1: Collect and make widely available 
standardized genetic environmental andstandardized genetic, environmental, and 
phenotypic data on meticulously characterized 
individuals with appropriate consent.pp p

• GAIN (six complex diseases) 
• GEI GWA component “GENEVA” (SGEI GWA component, GENEVA  (S 

Chanock, L Cardon, J Murray, D Schwartz)
• Genome-Wide Studies in Biorepositories with 

Electronic Medical Records, “eMERGE” (R 
Chisholm, C Chute, B Koenig)
P bli C lt ti t I f th D i f• Public Consultation to Inform the Design of 
Large-Scale Studies, RFA HG-06-008

• High-Priority Phenotype and Exposure• High-Priority Phenotype and Exposure 
Measures for GWA Studies, “PhenX”
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Goal #2: Improve analysis strategies for relating 
genotypic to phenotypic data evaluating modifiersgenotypic to phenotypic data, evaluating modifiers 
of those relationships, and assessing the impact of 
diverse ancestral origins.g

• Methods development for GWA, RFA-HL-05-011 
(ENDGAME project)(ENDGAME project)

• Methods development for G x E interactions: GEI 
RFA-HL-07-010RFA-HL-07-010

• Methodologic efforts in course of other GWA studies 
St d di d d t b t t f t d• Standardized database structures for genotypes and 
phenotypes (dbGaP)
A l ti it f OPG t ff• Analytic capacity of OPG staff
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dbGaP Entry Page (through PubMed)



Needs for Analytic Capabilities within OPG

• Programmatic Priorities
Pl i id tif diti f hi h bli– Planning: identify conditions of high public 
health priority
D i ti t l i d– Design: estimate sample size and power

– Sampling: project US census estimates
– Pooling and integration: assess 

comparability of phenotype measures, 
l ti lpopulation samples 

– Quality control: genotyping QC, reproduce 
NCBI i ti lNCBI association analyses



Needs for Analytic Capabilities within OPG

• Scientific Priorities 
Efficiency: QT analysis studying extremes– Efficiency: QT analysis studying extremes 
vs entire distribution

– Cost: gains in coverage and power withCost: gains in coverage and power with 
increased marker density

– Diversity: what AIMs add to self-identified y
race/ethnicity as measures of risk

– Generalizability: biases involved in 
di i l i l ltraditional vs universal control groups

– Recruitment and retention: need for 
scientific outlet and career developmentscientific outlet and career development  



Goal #3: Build successful collaborations in 
population based genetic research across multiplepopulation-based genetic research across multiple 
conditions with other NIH Institutes and Centers, 
other agencies, and the private sector.other agencies, and the private sector.

• Multi-IC symposia on population resources 
d i t h l iand genomic technologies

• GAIN and GEI collaborations NIH-wide
• Harmonization of data sharing policies NIH-

wide
• Population genomics opportunities with 

other ICs



Larson, G.  The Complete Far Side. 2003.



Multi-IC Symposium on y p
Application of Genomic 

Technologies toNational Human Technologies to 
Population-Based Studies

Genome Research 
Institute

N ti l

James Battey, NIDCD
Stephen Chanock, NCI

National  
Institutes of 

Health
Katrina Gwinn-Hardy, NINDS

Teri Manolio, NHGRI
Rebekah Rasooly NIDDKRebekah Rasooly, NIDDK

Winifred Rossi, NIA
Gerald Sharp, NIAID

U.S. Department 
of Health and 

Human Services June 5-6, 2006



Objectives of Symposiumj y p

• To identify common, critical issues encountered 
in applying genomic technologies to population 
studies and creative approaches to solving them

• To develop approaches for prioritizing and 
conducting population studies using genomic 
t h l itechnologies

• To identify new tools for genomics, phenotyping, 
and database standardization required for GWA 
and sequence-based studies.





Second Multi-IC Symposium on 
Application of Genomic 

Technologies to Population National Human g p
Studies: Facilitating Collaboration 

in GWA Studies

Genome Research 
Institute

in GWA Studies 

N ti l

Stephen Chanock, NCI
Katrina Gwinn NINDSNational  

Institutes of 
Health

Katrina Gwinn, NINDS
Thomas Lehner, NIMH
Teri Manolio NHGRITeri Manolio, NHGRI

Christopher O’Donnell, NHLBI
Jim Ostell, NLM

U.S. Department 
of Health and 

Human Services May 22-23, 2007



Third Multi-IC Symposium on 
Population Genomics: Lessons National Human p

Learned from GWA Studies Genome Research 
Institute

N ti l

To Be Determined…
National  

Institutes of 
Health

U.S. Department 
of Health and 

Human Services Spring, 2008



Participation in IC Advisory Meetings and 
S iSymposia

• NIAMS (4/06): Scientific Retreat, Advisory Council 
• NIAID (5/06): MACS/WHIS Investigators
• NIDA (6/06): Genetics Consortium
• NIGMS (7/06): Roadmap Biomedical Computing Centers
• NHLBI (9/06): Ancillary Pharmacogenetics Investigators
• NCI (10/06): Cancer Cohort Consortium
• NEI (10/06): Vision Research Investigators
• NCI (11/06): Board of Scientific Advisors
• CC (11/06): Functional Genomics of Injury and Illness

CDC (1/07) I fl P bli H lth G i• CDC (1/07): Influenza Public Health Genomics



Participation in IC Advisory Meetings and 
S iSymposia

• NIMH (2/07): Future Directions in Genetic Epidemiology
• NEI (2/07): AREDS2 Genetics Advisory Meeting 
• ORD (2/07): Genetics of Rare Diseases
• CDC/NCI (2/07): Public Health Genomics
• NCCAM (2/07): Population Study Designs
• VA Genomics (3/07): GWA Data Sharing
• ODS (5/07): Genetics of Complex Traits
• NIDDK (5/07): Diabetic Nephropathy
• FDA (5/07): QC Consortium, GWA Studies

NIAID (6/07) Cli i l R h N t k GWA d HIV• NIAID (6/07): Clinical Research Network, GWA and HIV



Participation in IC Advisory Meetings and 
S iSymposia

• FDA (7/07): QC Consortium, Data Sharing 
• NIA (8/07): GWA and Alzheimer Disease 
• NHGRI Short Course (8/07): Population Genomics
• Physician Assistants (9/07): GWA Studies
• NLM (9/07): Board of Regents, GWA Data Policies
• NCI (11/07): Cancer Cohorts Consortium
• NIA (12/07): Longevity Consortium and GWA 
• IOM (12/07): Effectiveness Research and GWA 
• CDC (12/07): GWA and Predictive Health

CDC (1/07) I t ti GWA i t K l d B• CDC (1/07): Integrating GWA into Knowledge Base



Criteria for Supporting New Research 
O t iti i P l ti G iOpportunities in Population Genomics

• Meets scientific goals of population genomicsMeets scientific goals of population genomics 
program

• Meets scientific goals of NHGRI as a wholeMeets scientific goals of NHGRI as a whole 
(technology; genomic scale; clinical care) 

• Catalyzes or facilitates genomic research• Catalyzes or facilitates genomic research 
(paradigm-setting; unsupportable by 1-2 ICs) 

• Meets key policy or administrative goals• Meets key policy or administrative goals          
(minority health/disparities; cost-effective)



Goal #4: Develop novel population research 
h th t ti ll d i d t tapproaches that are optimally designed to capture 

information on genetic and environmental risk 
factors and their interactionsfactors and their interactions.

• Clinical trials of pharmacogenomic-directed 
treatment: warfarin dosingtreatment: warfarin dosing

• Pharmacogenomic-directed drug selection: abacavir 
hypersensitivityyp y

• Genes predicting good health and disease 
resistance

• Molecular classification of disease
• Dynamic nature of genome in longitudinal studies, 

including epigenetic changesincluding epigenetic changes
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Goal #5: Support training of geneticists in 
id i l i h th d f id i l i tepidemiologic research methods, of epidemiologists 

in genomic methods, and of clinical researchers and 
clinicians in applying genomic technologies toclinicians in applying genomic technologies to 
promote health and reduce disease.

• Course development for AAFP hemochromatosis• Course development for AAFP hemochromatosis 
component, 2006

• Multi-IC symposia training components, 2006-2008y p g p
• GEI-SER symposium, “GWA Studies for the Rest of 

Us,” June 2007
• ASHG seminar on bias, “Designing Geneticists,” 

October 2007
• Sabbatical opportunities (course development critical• Sabbatical opportunities (course development, critical 

assessment of methods and bias in GWA studies)



OPG Studies Timeline
Oct
‘06

HG-06-008
Public Consultation 

Mar
‘07

Oct
‘07

Mar
‘08

Oct
‘08

Mar
‘09

Oct
‘09

Mar
‘10

Oct
‘10

Mar
‘11

FNIH-NIH
GAIN

HG-06-014, 032, 033HG 06 014, 032, 033
GENEVA 1

HG-07-012
GENEVA 2

? GENEVA 3

HG-07-005
Biorepositories 
( MERGE)

?       ?       ?       ?

(eMERGE)

HG-07-006
Phenotyping (PhenX)

HG-07-014, 015
Epi Architecture
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Analyze 
Associations + ++ + ++

Assess Health 
Impact + ++
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