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NHGRI Office of Population Genomics

= Established to facilitate application of genomic
knowledge to health, by promoting multi-disciplinary
research, applying genomic technologies to population
and clinical studies, and developing new population
resources for investigation of genetic and environmental
contributions to complex diseases.

= Goals:

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

Build successful NIH-wide collaborations in population-based
genomics research

Support cross-disciplinary training for genetics, epidemiologist,
clinical researchers, and clinicians

http://www.genome.gov/19518660



2007: The Year of GWA Studies

BEREAKTHROUGH OF THE YEAR

Human (enetic
\Variation |

Equipped with faster, cheaper technologies for sequencing
DA sl asessing varalion i gemames on Scales ramging
from cne o mellions of bases_ researchers are finding om
how trudy different we are irom cae another

THE URVEILING OF THE HUMAN GENDEE &LMDST T YEARS &GO

s the Ot Byt gt im i oreaple e postic modoupy, Singgthen, sk i E P n 3 I"u_"_-'_
rew pereni sdapasnceal el sech s gl idus] sEasl] has f hnnsted ) "r'.”'__.:‘_: =
o penoed Ewrslsips nover pare dietanl, Ty NI, eosgmiech mcieme

apperediais g oyignl G whichs our penomics defler rom poriin e pores -:: g E :| -:'--a_ _.E-E
il e imiplgnnods of thes vieraaen of decophiening the Beneecs of ooim- :.F-'.'.':I.H- ¥ WAL
ol ) e i ] P Calin | PRI

Leas than @ year ggo, e byt news Wk kg esling vafnalios

What makes as eebque. O arges i

I 5 4 i it n i thee rgber gnd orded of geres 00
el song e CuvHulonery e DRl ik D Hanaee Deinkk, Wl Baee acdd war bty 1 the husmuan genane

kil from askone whal in our DA mak e us busrein 0o riving b
e whai ey LRSS ks me e

Inivec ik s i fromisle Codnenn B gl i Beter handi: inh ke lic

Pennisi E, Science 2007; 318:1842-43.

- I

ge

Lo iy rursbar sk

(0 C)

iy e



__ IRF4

2008 third quarter

Bone Denaity

|___ betwesn SECSLT
and IRF4
Frackles
f— EXOC2
Hair calor

— EMPE
Height

GNATZ

ABCGE
Gallstones

FLI22536, FLI44180 Height
Neuroblastoma -

— JAZFT
m‘?;;”m | Prostate Cancer

MATP
Hair color

SLC2A9, GLUTS
Serurm urate

MHC, Carf1d
Bone Density

COKN2A/B
Coronary Disease

RABSE, SLOX
IKZF4, EREBZ
COKZ ERBE3
Type 1 Diabetes

* < msws

ILTRLY, IL18RT
Prostate Cancer

ILTERAP, SLCSAS
Celiac Disease

coL2t
Rheumatold athritis

BTBOY
Restless Legs
Syndrome

LRPS
Bone Density

rez TR

Prostate Cancer

FCER1A, OR10J3 25
ORT1oJT

MCP-1 KIFSA-FIP4K2C

Bipalar Diserd,
r e
Rheumatoid athritis

HMGAZ
Height

As of 12/30/08, = 281 publications on — 90
diseases/traits!

Bone Density ateral scleresis Type 1 Diabetes

TAGAP
Celiac Disease

SLC22A3
Prostate Cancer

LPA

GALNT2
HDL Chalesteral

TRAFD1, PTENTT Protein levels
KIAAD350 SRR o
HERCZ
Hair color =
HE
= NUDT10, NUDT11
— LOCT340602. CSF2RA
— | Sehizophenia
| Prostate Cancer

Bipolar Disarder

RANKL
Bone Density

= )

2

TNFRSFEE

P Inflammatol
ami Ty
rostate Cancer !

Exfolistion Glaucoma

CHRNAZ, CHRNAS

GHRNBY Type 1 Diabetes

Hicotine depend

Lung Cancer
MC1R

Manolio, Brooks, Collins, J. Clin. In\X/est., May 2008



|||| “I“' |||| genome.gov
% REWERNT Coqrch By:

National Institute

Journal: | Select Journal bl

Home » About NHGRI First Author:
(last name)

Disease/Trait: | |

Note: This catalog {Etring Eearch:l

First Disease/Trait Initial Replication Region Reported Strongest Risk Allele P-  OR or beta-coefficient and [95%
Author/Date/ Sample  Sample Gene(s) SNP-Risk Frequency value CI]

Journal/Study Size Size Allele in Controls

Hazra Plasma level of | 1,658 1,059 19q13.3 | FUTZ rs492602- | 0.49 Sx .09 [0.07-0.11] pg/ml decrease
September 07, | vitamin B12 women | women G 10717

2008

Nat Genet

Common

variants of FUT2

are associated

with plasma

vitamin B12

levels

s Ul Descr T— ¥

« This table is OR greater than:

« For an archiy p—\falue threshold: tudy was published, go
to: GWAS CsB Enter the exponent. For example,
The Excel doc =

enter "5" for p<10°

Abbreviatio

[ Clear Query ]
(http://genome.gov/gwastudies)




Standard Measures Needed

Type 2 Diabetes GWAS (>380K SNPs)
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Combining studies
Increases ability to detect
loci with moderate effect
size (GxG;GXE
Interactions)

Once genome Is
characterized it can be
related to any trait
consistent with informed
consent

Potential for cross-study
analysis limited by lack
of standardized
measures



Standard Measures Needed

= Multi-IC Symposia on Applying Genomics Technologies
to Population Studies (2006)

Recommendations:

- Limited subsets of phenotypic and exposure data that are
amenable to common definition and standardized collection in
GWAS should be identified in near future

- Better methods for phenotyping (rigorous, standardized,
Inexpensive, non-invasive, limited burden, approprlate for
asymptomatic |nd|V|duaIs) are needed, partlcularly for
phenotypes relevant to a wide variety of diseases and disabilities

= Frontiers in Population Genomics (2007)
Recommendations:

- ldentify a subgroup of phenotypes and exposures with strong
genetic associations for standardization and addition to GWAS

- Support the review of phenotype and exposure data deposited in
dbGaP to identify the most common measures and those that can
be used in multiple studies.



The PhenX Project (www.phenx.org)

‘PhenX

consensus measures for Phenotypes and eXposures

Y

Building consensus
for standard
measures of
phenotypes
and exposures 5

Phen® is a three year project led by RTI International and funded by the Mational Human Genome Research
Institute (MHGRI) o contribute to the integration of genetics and epidemiologic research

Phend will prioritize up to 20 research domains related to complex diseases and environmental exposures
Consensus building will lead to a recommended minimal set of standard measures for use in Genome-wide
hssociation Studies (GWAS) and other large-scale 2enomic research efforts

Standard meazures will maximize benefits of future research by enabling cross-study comparizons and analysis
Selection and specification of the measures will be driven by the scisntific community wia the PhenX Steering
Committes, Working Groups and Surveys

The PhenX Toolkit will make the standard measures available to the scientific community sare. ..

STEERING COMMITTEE
& Steering Committee of distinguished experts from the scientific community will guide the selection of the measures
and promote their use. Domains may include diseases and conditions; lifestyle factors and anthropometrics; and

environmental and medicinal exposures,

()}

Hare...

WORKING GROUPS

Wiorking Groups will be constituted for specific domains for the purpose of identifying a small set of measures and
corresponding methods for measurement. The measures will be vetted with the scientific community through periodic

surveys accessed through this web site, More... | How to gt invalved

SURVEYS

Surveys will be periodically available on thiz web site for the scientific community to revisw & comment on selected
measures. The Demographics Survey is now available at www.phenx.orgfsurveys.

subscribe to Survey Announcements | Mare..,

PHENX ToOLKIT

The Phent Toolkit will make the results of the project readily accessible via The Internet and enable researchers to
implement the standard measures,

More...

O web @ site Search

Home

Pl. Carol Hamilton (RTI)

Resource of established
measures that can be
iIncorporated into existing and
future study protocols (e.g.
GWAS and other genomic
research efforts)

PhenX Toolkit will include 15
standardized measures for 20
research domains

Challenge: Selecting 15
measures that are low burden,
but still useful



PhenX Goals

= Select 15 low burden, useful measures for 20 research
domains
Domains are selected by the Steering Committee
Measures & protocols are chosen by expert Working Groups

Scientific community has the opportunity to review and comment on
Initial set of 25 measures (via Web-based survey)

= Final set of measures made available to the research
community via the PhenX Toolkit

Ensure that their study will be compatible with others that also
incorporate PhenX measures

Combine studies to increase statistical power and the ability to
identify genes associated with complex diseases



PhenX Domains (N=20)

Alcohol, Tobacco, and Other .

Substances*
Anthropometrics*
Cancer*
Cardiovascular*
Demographics*
Diabetes

Nutrition and Dietary .

Supplements*

Environmental Exposures*

Gastrointestinal

Infectious Disease and

Immunity

Lung Function
Neurological
Ocular

Oral Health*

Activity and Physical
Fithess

Psychiatric
Psychosocial
Renal Function
Reproduction

Skin, Bone, Muscle, and
Joint

* In process or completed



Process for selecting PhenX measures

Define scope of the
domain

Identify broad list of

measures

4
4
4

= Criteria for measures:
Low burden

Good measurement properties
Acceptable to the community

Viable in the future

= Can have more than 1
protocol
e.g. age-specific or gender
specific
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“Z Welcome to the PhenX Toolkit

il B R
Use the Toolkit to browse, search and select PhenX Measures for use in genome-wide association studies ﬁ‘.‘jﬁ} \
(GWAS) or other types of studies. The Measures were selected by PhenX Working Groups composed of

domain experts. For each Measure, the Toolkit has associated protocol(s), references, and links to i o
resources. Use of PhenX Measures will help make your study compatible with other studies that also 7
incorporate PhenX Measures. For more information about PhenX, please visit www. phenx.org. <
After you have selected Measures you want to incorporate in your study, you will have the opportunity to prt:
¥

generate a Report that will provide the information you need to incorporate PhenX Measures into your study.

) Toolkit Guidance
“Z Related Links

“= Release MNotes: Initial Release 1/2009 These axternal links

navigate away from the

This is the initial release of the Teolkit. This version contains Demographics and Alcohol, Tobacco and Other ;
PhenX Toolkit:

Substances Measures.

This initial version does not include registration. In the future, registration will allow you to save the dbGAP | PhenX

contents of your Cart and also allow you to interact with other Toolkit users.

== Domain
A PhenX Domain is a field of research with a unifying 1
theme and easily enumerated quantitative and qualitative Doma] n
Measures.

“Z Measure

A PhenX Measure refers broadly to a standardized way of
capturing data on a certain characteristic of, or relating to
a study subject,

“Z Protocol

A PhenX Protocol is a standard procedure recommended by
a Working Group for investigators to collect and record a
PhenX Measure.




PhenX Toolkit Contents

Recommended measures for each Domain

Detailed, standard protocols for collecting the measures
Methods to harmonize measures — as needed

Supporting documentation
Rationale for inclusion
References
Links to resources that include the measures (e.g., dbGaP)

Links to resources that provide in-depth information about additional
measures

Information about the measures — recognized standards,
compatibility



PhenX

Nutrition and Dietary Supplements Working
Group (WG)



Working Group Members

Patrick Stover, PhD (Chair) Stephen Kritchevsky, PhD
Cornell University Wake Forest University

Yvonne Bronner, ScD, RD Anna Maria Siega-Riz, PhD
Morgan State University University of North Carolina
Cindy Davis, PhD Pamela Starke-Reed, PhD
National Cancer Institute National Institutes of Health
Johanna Dwyer, DSc, RD Jose Ordovas, PhD (SC Liaison)
Tufts University / NIH Tufts University

John P. Foreyt, PhD Anne-Lynne McCalla, MPH, RD

Texas Medical Center WG Manager, RTI International



Working Group Timeline

11/03/2008

Introductory Call:
Conference Call:
In-person Meeting:
Conference Call:
Survey Launch:

Tool Kit Release:

12/09/2008
12/17/2008
03/06/2009
Spring, 2009

Summer, 2009



Initial Scope of the Domain

Dietary components
Vitamins, Minerals, Macro Nutrients

Food groups

dairy, fruits, vegetables, grains, fats,
alcohol, etc

Supplements
Multivitamins, single vitamins

Alternative supplements (e.g. soy,
gingko, fish oils)

Meal replacements (e.g. protein
bars)

Infant feeding
Breastfed
Formula
Introduction of solid foods

Food toxins
Endogenous (Mercury, PCBS)
Derived (Acrylamide, HCAS)

Away from home food
consumption

Fast food, traditional
restaurants

Food sufficiency

Food preparation
Grilling
Frying
Microwaving, etc

Water



Recommended Measures

Total Dietary Intake

Supplement Intake
Selenium
Vitamin D

Breast Feeding



Studies & Instruments Reviewed

= Black Women’s Health
Study

= Block Questionnaire

= Behavioral Risk Factor
Survelllance System

= Questionnaire (BRFSS)
= Daily Food Checklist

= Diet History
Questionnaire

Framingham Heart Study
Jackson Heart Study
National Health Interview
NHANES

Willett (Harvard Food
Freqguency) Questionnaire

Women'’s Health Initiative

5-A-Day for Better Health



Protocol Selection

= The WG considered pros & cons of various protocols:

FFQ’s, 24 hour recall, Short Dietary Assessments (Screeners),
Bioassays

= The following protocols to be included in PhenX Survey:
24 hour recall (Multiple Pass) for
- Total Dietary Intake
- Supplement Intake
Bioassay (NHANES laboratory protocol) for
- Selenium
- Vitamin D
Short Dietary Assessment (NHANES questions) for
- Breast Feeding



Short Dietary Assessments (Screeners)

= Single and Multi-Factor including:
Fruits and Vegetables
Dairy
Added Sugars
Calcium
Fiber
Supplements
Caffeine



PhenX Survey

= Survey Is sent out to the larger research community

Obtain opinions regarding the priority and appropriateness of
the measures

Assess the acceptability, feasibility, and usability of each of the
measures

Determine utility of the measurement protocols

= Facilitate consensus, outreach, and acceptance of the

prlorlty measures @
American Soc
- Your ianIt Welcome! } discover - educate - advocate

About ASHG Membership Meetings Awards Publications Policy / Advocad

PhenX Survey Released, Input Needed from the
Human Genetics Research Community

Take the Cardiovascular Measures Survey between March 11 and April 8, 2009

consensus measures for Phenotypes and eXposures




Steering Committee Members

Jonathan Haines, PhD (Chair)
Vanderbilt University

William Harlan, MD (Vice Chair)

National Library of Medicine

Terri Beatty, PhD

Johns Hopkins School of Public Health
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Boston University

Peter Kraft, PhD
Harvard School of Public Health

Mary Marazita, PhD, FACMG
University of Pittsburgh

Jose Ordovas, PhD
Tufts University

Erin Ramos, PhD, MPH
NHGRI

Margaret Spitz, MD, MPH
University of Texas

Carlos Pato, MD, PhD
University of Southern Carolina

Diane Wagener, PhD
RTI International

Michelle Williams, ScD
University of Washington



NIH IC Lialsons

Richard Anderson (NIGMS)
Hemin Chin (NEI)

Elaine Collier (NCRR)
Kevin Conway (NIDA)
Emily Harris (NIDCR)
Anthony Hayward (NCRR)
John llekis (NICHD)

Mary E. Kerr (NINR)

Paul L. Kimmel (NIDDK)
Sue Krebs-Smith (NCI)
Jennie Larkin (NHLBI)

Thomas Lehner (NIMH)
James Luo (NIBIB)

John Lynch (NINDS)

Kimberly A. McAllister (NIEHS)
Jim Ostell (NLM)

Kyu Rhee (NCMHD)

Winifred K. Rossi (NIA)

Marcia Scott (NIAAA)

Kay Wanke (OBSSR)

Jim Witter (NIAMS)

Ashley Xia (NIAID)



Acknowledgements

= OPG Colleagues

IC

T\ \ é

Heather Junkins
Teri Manolio

SC Members
WG Members

Liaisons

dbGaP

Jim Ostell
Karl Sirotkin
Kim Tryka

PhenX

consensus measures for Phenotypes and eXposures

= RTI Colleagues

Carol Hamilton (PI)
Diane Wagener (Co-PI)
Tabitha Hendershot
Jane Hammond
Dean Jackman
Richard Kwok
Debbie Maiese
Destiney Nettles
Joe Pratt
Anne-Lyne McCalla
Survey Team

Web Team



= Www.phenx.org

Register to receive periodic updates via e-mail of the
PhenX Newsletter and notification of new surveys

= www.phenxtoolkit.org

Additional domains and protocols will be added as they
become available

= WWw.genome.gov/gwastudies/

A Catalog of Published Genome-Wide Association
Studies



http://www.phenx.org/�
http://www.phenxtoolkit.org/�
http://www.genome.gov/gwastudies/�
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What 1s a GWAS

= Method for interrogating all 10 million variable points across
human genome

= Variation inherited in groups, or blocks, so not all 10 million
points have to be tested

= Blocks are shorter (so need to test more points) the less
closely people are related

= Technology now allows studies in unrelated persons,
assuming 5,000 — 10,000 base pair lengths in common
(300,000 — 1,000,000 markers)

28



PhenX Definitions

= Domain

field of research with a unifying theme and easily enumerated
measures

e.g. Alcohol, Tobacco, & Other Substance Use

= Domain Element

group of measures and conditions that enclose similar assessments
and concepts

e.g. alcohol consumption, tobacco consumption, nicotine
dependence

= Measure

refers broadly to a standardized way of capturing data on a certain
characteristic of or related to a study subject (including exposures,
clinical assessments, and quantitative and qualitative traits )

e.g. Fagerstrom Index to measure nicotine dependence
29



My Account Resources

Browse Domains

Browse through Domains to view Measures and Protocols that belong to a Domain.

Alcohol, Tobacco and Other Substances (14) =

Anthropometrics =

Cardiovascular =

Demographics (15) =

Mutrition and Dietary Supplements =

The number of Measures in each Domain is shown in parenthesis.

30




Annual Family Income = Current Marital Status =

Birthplace = Ethnicity =

Birthplace of Grandparents = Health Insurance Coverage =»

Birthplace of Parents = Household Roster-Relationships =

Current Address = Race =

Current Age = Self-Reported Gender =

Current Educational Attainment = Years Living in the L5, =

Current Employment Status =

Current Employment Status =




iisPhenXToolkit -

Browse SEarn My Account Resources About

Browse Protocols

Top » Demographics » Health Insurance Coverage

INFINE Health Insurance Coverage

Definition: Question asking whether the respondent is covered by health insurance or some other
form of health care coverage at the time of the interview.

Purpose: Individuals who don't have health insurance do not visit health care providers on a
regular basis or for precautionary testing (e.g., prostate exam) and may be more vulnerable to
illness or disease. Usually, individuals who don't have health insurance are those who can't afford

to pay the insurance premiums and are not eligible for government programs (e.g., immigrants).

Essential Data: Current Age

+ ;?; Add all protocols from this measure to the cart

“Z Protocols Associated with Measure

Question: Health Insurance =




“= Description of Protocol

The respondent is asked about health insurance coverage. A number of possible types of health care coverage are included,
not simply health insurance.

“Z Specific Instructions
View =
“Z Protocol Text

The next question is about health insurance. Include health insurance obtained through employment or purchased directly as
well as government programs like Medicare and Medicaid that provide medical care or help pay medical bills.

Are you covered by health insurance or some other kind of health care plan?
T[] YES

Z [1 nNO

7 [] REFUSED

9 [] DONT KNOW

What kind of health insurance or health care coverage do you have! Include those that pay for only one type of service (such
as nursing home care, accidents, or dental care). Exclude private plans that only provide extra cash while hospitalized. If you
have more than one kind of health insurance, tell me all plans that you have.
[CODE ALL THAT APPLY, HAND CARD WITH LIST OF ANSWERS.
CAP| INSTRUCTION: DO NOT ALLOW MORE THAN ONE ANSWER WHEN 40 (NO COVERAGE OF ANY TYPE) IS CODED. ]

14 [] PRIVATE HEALTH INSURANCE

15 [] MEDICARE

16 [] MEDI-GAP

17 [] MEDICAID ({IF AVAILABLE, DISPLAY STATE PLAN NAME})
18 [] SCHIP (CHIP/CHILDREN'S HEALTH INSURANCE PROGRAM)
19 [] MILITARY HEALTH CARE (TRICARE/VA/CHAMP-VA)

20 [] INDIAN HEALTH SERVICE




“- Selection Rationale

The MHAMNES protocol was vetted against other health insurance coverage measures and was chosen because it determined if
the respondent had health insurance and the type of coverage.
Mote that the questions do not address the adequacy of health insurance coverage or the cost for co-payments.

“Z Source

Mational Health and Nutrition Examination Survey (NMHANES) Health Insurance Section
2005-2006

Question numbers: HIQ.011 and HIGQ.031

Mational Center for Health Statistics. Mational Health and Mutrition Examination Survey. NHAMES 2005-2006.
http: / fwww.cdc.gov/nchs/about/major/nhanes/nhanes2005-2006/nhanes05_06.htm

“Z Language of Source
English, Spanish
“Z Protocol Life Stage

Adult (18+)
Young Adult (13-17)

“Z Personnel and Training Required

The interviewer must be trained to conduct personal interviews with individuals from the general population. The interviewer
must be trained and found to be competent (i.e., tested by an expert) at the completion of personal interviews®. The
interviewer should be trained to prompt respondents further if a "don’t know™ response is provided.

* There are multiple modes to administer this question (e.g., pencil and paper and computer-assisted interviews).




Substance Use Working Group

Deborah Hasin, PhD (Chair)
Columbia University

Laura Jean Bierut, MD
Washington University in St. Louis

Kevin Conway, PhD
National Institute on Drug Abuse

Jorge Delva, MSW, PhD
University of Michigan

Richard Hayes, DDS, PhD
National Cancer Institute

Victor M. Hesselbrock, PhD
University of Connecticut

Mary Elizabeth O’Neil, MPH
Working Group Manager
RTI International

Marcia Scott, PhD

National Institute on Alcohol Abuse
and Alcoholism

Robert E. Taylor, MD, PhD
Howard University
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Substance Use Measures

Alcohol — lifetime use

Alcohol — 30-day
guantity and frequency

Alcohol — maximum
drinks in 24-hours

Alcohol — age of first
use

Tobacco — smoking
status

Tobacco — 30-day
guantity and frequency

Tobacco — age of
Initiation of use

Tobacco — age of offset
of use

Alcohol — lifetime
dependence and abuse

Tobacco — nicotine
dependence

Substances - lifetime
abuse and dependence

Substances — lifetime
use

Substances — 30-day
frequency

Substances — age of
first use

36



Ethnicity

Do you consider yourself Hispanic/Latino? [Where did your ancestors come from?]
1 [] YES [ask follow-up question]
2 [] NO
7 [] REFUSED
9 [] DON'T KNOW

Please give me the number of the group that represents your Hispanic origin or ancestry.

categories,
10

12
13
14
15
18
19

PUERTO RICAN

DOMIMICAN (REPUBLIC)
MEXICAN/MEXICAND

MEXICAN AMERICAN

CHICAND

CUBAMN

CUBAN AMERICAN

CEMTRAL OR 50UTH AMERICAN
OTHER LATIN AMERICAN
OTHER HISPANIC

REFUSED

DON'T KNOW 37
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What race {do you/[if asked of proxy: does Subject Person]} consider {yourself/
Please select 1 or more of these categories.

HaNMD CARD DMQ5

SELECT OME OR MORE CATEGORIES

10 [] WHITE

11 [] BLACK/AFRICAN AMERICAN

12 [] INDIAN [AMERICAN)

13 [] ALASKA NATIVE

14 [] NATIVE HAWAIIAN

15 [] GUAMANIAN

16 [] SAMOAN

17 [] OTHER PACIFIC ISLANDER (SPECIFY)
18 [] ASIAN INDIAN

19 [] CHINESE

20 [] FILIPINO

21 [] JAPANESE

22 [] KOREAN

13 [] VIETNAMESE

24 [] OTHER ASIAN (SPECIFY)

25 [] SOME OTHER RACE (SPECIFY)___
77 [] REFUSED

99 [] DON'T KNOW

38
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