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eMERGE Network Collaborations

Boston Children’s Hospital

Joris A. Veltman, Nijmegen Centre for Molecular Life Sciences, Radboud University Nijmegen Medical Centre: Trio
Exome Sequencing

Children’s Hospital of Philadelphia: Asthma and ADHD (both led by CHOP); Autism (led by CCHMC/BCH)

Vanderbilt (Dr. Sara Van Driest) /CHOP: Early Childhood Obesity (led by CCHMC/BCH)

The International Consortium for the Genetics of Systemic Lupus Erythematosus (SLEGEN): Harley, CCHMC member
site

Dr. Hutton (CCHMC) leads the consortium to federate studies based on the EMR across 30 centers that treat children
with Inflammatory Bowel Disease (R01 HS020024).

Dr. Louis Kunkel and Dr. Christopher Walsh (BCH) Co-PIs with co-investigators Dr. Isaac Kohane and Dr. Ingrid Holm:
Phenotypic and Genetic Factors in Autism Spectrum Disorders. This study led to BCH designation as a Simons Simplex
Collection site and a member of the Boston-area Autism Consortium.

Dr. Amy Roberts (BCH): PI Cardiac Gene Project.

Dr. Alan Beggs (BCH): Director Manton Center for Orphan Disease Research (Dr. Ingrid Holm and Dr. Isaac Kohane -
Gene Discovery Core scientists). This center frequently collaborates with the Gene Partnership program, from which
BCH’s eMERGE cohort originates.

Dr. Ingrid Holm at BCH leads Informed Cohort Oversight Board - multidisciplinary team from multiple institutions to
oversee research functions and communication of results back to patients; Return of Results Consortium - funded by,
and part of, the NHGRI ELSI Research Program.

Dr. Isaac Kohane: Led the collaborative development of iZb2 (piloted across hospitals in the Harvard Catalyst) which
has been adopted by over 60 academic health centers internationally. Supports an Academic Users’ Group of over 250
members from over 65 independent institutions that meets biannually for code workshops, discussion of application
issues, preview of coming software, and networking; New efforts directly related to i2b2 have resulted in at least 27
new collaborative grants. Established Summer Institute in Bioinformatics and Integrative Genomics - in partnership
with the Harvard-MIT Division of Health Sciences and Technology (HST).

Dr. Ingrid Holm at BCH is a co-investigator on a newly-awarded U19 cooperative agreement — “Genome Sequence-
Based Screening for Newborn Illness and Childhood Risk”. The Principal Investigators for this study are Dr. Robert
Green of Brigham and Women'’s Hospital and Dr. Alan Beggs of BCH.

Dr. Isaac Kohane is the PI of the Undiagnosed Diseases Network (UDN) Coordinating Center and Dr. Ingrid Holm is a
co-investigator and overseeing the enrollment of patients for the UDN.

In addition to acting as the coordinating center, BCH is also a joint site with Brigham and Women'’s and Massachusetts
General Hospital for the UDN.

Dr. Guergana Savova (BCH) is involved in various multisite collaborative studies, including Cancer Deep Phenotype
Extraction from EMR; Annotation, development, and evaluation for clinical information extraction; Temporal Relation
Discovery for Clinical Text; Genetic predictors of response to anti-TNF therapy in rheumatoid arthritis.

Dr. John Harley (CCHMC) is the Director of the Cincinnati Biobank Core Facility and the PI of the Better Outcomes for
Children Project at Cincinnati Children’s to consent patients to use their leftover samples for research.

Marc Rothenberg, MD, PhD (CCHMC) shared GWAS data and samples from his Eosinophilic Esophagitis cohort.

Dr. Sue Thompson (CCHMC) shared GWAS data and samples from her Juvenile Idiopathic Arthritis (JIA) cohort.

Dr. John Harley (CCHMC) has overseen the Cincinnati Control Cohort at Cincinnati Children’s;  ~1000 local controls,
~850 of which are of European ancestry; all have been extensively phenotyped and have been genotyped on the
Affymetrix 6.0 platform

Dr. Teresa Smolarek (CCHMC); Cytogenetics Lab Director

Dr. Senthil Sadhasivam (CCHMC); PI of the post-surgical pain management protocol;

Dr. Patty Manning (CCHMC), Co-Director of Developmental & Behavioral Pediatrics and the Susan Wiley Center,
champion for the Autism phenotype

Dr. Stephanie Kennebeck (CCHMC); champion for Appendicitis

Dr. Nancy Crimmins (CCHMC); champion for Early Childhood Obesity

Dr. Keith Marsolo (CCHMC); Co-Investigator on grants supporting the following quality improvement and learning
networks - ImproveCareNow (62 centers), Ohio Perinatal Quality Collaborative (85 centers), and Solutions for Patient
Safety (79 centers)
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Dr. Keith Marsolo (CCHMC); Co-Investigator on a grant with Bill Nichols to develop a tool that will allow investigators
to query and request both case report form and sample data for a patient cohort with Pulmonary Arterial
Hypertension.

Dr. Keith Marsolo (CCHMC); Co-Investigator on 3 unique contracts to build the PCORI (Patient Centered Outcomes
Research Institute) National Patient-Centered Clinical Research Network (one with CCHMC as prime, another with
BCH as prime, another with CHOP as prime).

Cindy Prows, MSN, APN, FAAN (CCHMC); leads the PGx supplement

Dr. Melanie Myers (CCHMC); leads the CERC supplement

Dr. Kenneth Kaufman (CCHMC) - collaboration in establishing exome sequencing

Dr. Sander Vinks (CCHMC) - Director of Clinical Pharmacology; ongoing pharmacogenomics consultation

Dr. Bill Nichols (CCHMC) ; PI of an NLHBI R24 to collect 3,500 Pulmonary Arterial Hypertension patients

Cincinnati Children’s Hospital Medical Center

Nijmegen Centre for Molecular Life Sciences, Radboud University Nijmegen Medical Centre: Trio Exome
Sequencing (Joris A. Veltman, PhD).

Children’s Hospital of Philadelphia (CHOP): Asthma, ADHD and Atopic Dermatitis (both led by CHOP); algorithm
validation by CCHMC/BCH.

Vanderbilt (Sara Van Driest, MD) and CHOP (John Connolly, PhD): Autism Algorithm Validation

Geisinger (Marc Williams, MD and Lisa Bailey-Davis, DEd.; site specific implementation ideas and contribution to
publication) & CHOP (John Connolly, PhD): Early Childhood Obesity validation.

The International Consortium for the Genetics of Systemic Lupus Erythematosus (SLEGEN): Harley, CCHMC
member site.

“Building Modular Pediatric Chronic Disease Registries for QI and CE Research”; PI, John Hutton, MD (CCHMC)
led the consortium to link EHRs to disease-specific registries across 30 centers that treat children with Inflammatory
Bowel Disease (R01 HS020024).

Phenotypic and Genetic Factors in Autism Spectrum Disorders: Louis Kunkel, PhD and Christopher Walsh, MD,
PhD (BCH) Co-PIs with co-investigators Isaac Kohane and Ingrid Holm on this study led to BCH designation as a
Simons Simplex Collection site and a member of the Boston-area Autism Consortium.

PI Cardiac Gene Project: Amy Roberts, MD (BCH)

Manton Center for Orphan Disease Research: Alan Beggs, PhD (BCH) is the Director and Drs. Ingrid Holm and Isaac
Kohane are Gene Discovery Core scientists. This center frequently collaborates with the Gene Partnership program,
from which BCH’s eMERGE cohort originates.

Informed Cohort Oversight Board: Ingrid Holm, MD, MPH at BCH leads this multidisciplinary team from multiple
institutions to oversee research functions and communication of results back to patients; Return of Results
Consortium - funded by, and part of, the NHGRI ELSI Research Program.

i2b2 (Informatics for Integrating Biology and the Bedside): an NIH-funded National Center for Biomedical
Computing based at Partners HealthCare System led by Isaac Kohane, MD, PhD, has been adopted by over 60 academic
health centers internationally. The i2b2 framework has been extended by the CCHMC i2b2 team, adding several new
capabilities to the platform. These include the ability to view clinical data in a web-based form (similar to a chart
review), the ability to enter data directly into i2b2, and the ability to run reports and perform other visualizations.
These new features allow i2b2 to serve as a platform for research patient registries (either identified or de-identified),
and when coupled with the SHRINE federated query platform, provide a mechanism for creating distributed, multi-
center registries.

“Genome Sequence-Based Screening for Newborn Illness and Childhood Risk”: PI Ingrid Holm, MD, MPH at BCH
is a co-investigator on this newly-awarded U19 cooperative agreement. The Principal Investigators for this study are
Dr. Robert Green of Brigham and Women’s Hospital and Dr. Alan Beggs of BCH.

Undiagnosed Diseases Network (UDN): Isaac Kohane, MD, PhD is the PI of the Undiagnosed Diseases Network
(UDN) Coordinating Center and Ingrid Holm, MD, MPH at BCH is a co-investigator and overseeing the enrollment of
patients for the UDN.

Guergana Savova, PhD (BCH) is involved in various multisite collaborative studies, including Cancer Deep Phenotype
Extraction from EMR; Annotation, development, and evaluation for clinical information extraction; Temporal Relation

Discovery for Clinical Text; Genetic predictors of response to anti-TNF therapy in rheumatoid arthritis.
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Cincinnati Biobank: John Harley, MD, PhD (CCHMC() is the Director of the Cincinnati Biobank Core Facility and the PI
of the ‘Better Outcomes for Children’ Project at Cincinnati Children’s to consent patients to use their leftover
samples for research. To date, a collection of >100,000 DNA samples from >35,000 unique MRNs and >25,000 urines
from >4,300 unique MRNs has been built.

The Cincinnati Center for Eosinophilic Disorders (CCED): Director, Marc Rothenberg, MD, PhD (CCHMC), shared
GWAS data and samples from his Eosinophilic Esophagitis cohort.

Pediatric Rheumatology Tissue Repository (PRTR), a funded component of a P30 rheumatic disease core center,
assists local and national investigators in the collection, processing, storage and distribution of biospecimens for
rheumatic disease-related research. Director, Sue Thompson, PhD (CCHMC), shared GWAS data and samples from her
Juvenile Idiopathic Arthritis (JIA) cohort.

Cincinnati Control Cohort: John Harley, MD, PhD (CCHMC) oversees the Cincinnati Control Cohort at Cincinnati
Children’s; ~1000 local controls, ~850 of which are of European ancestry; all have been extensively phenotyped and
have been genotyped on the Affymetrix SNP Array 6.0 and Illumina HumanOmni5.0 platforms.

CCHMC Cytogenetics Lab: Teresa Smolarek, PhD (CCHMC), is Cytogenetics Lab Director. This lab combines state-of-
the-art techniques with comprehensive interpretation of test results by experienced, board-certified cytogenetics
experts. The Cytogenetics Lab has provided data for the eMERGE project work.

Senthil Sadhasivam, MD (CCHMC): 1. PI of the post-surgical pain management protocol with preemptive and
preoperative genotyping and CYP2D6 guided opioid managment; 2. PI of a large morphine pharmacokinetic and
pharmacogenetic clinical study in children and 3. PI of a multicenter opioid pharmacogenetic study with 1000
children from 15 participating sites in USA and China.

Autism Clinician Experts: Patty Manning, MD (CCHMC), Co-Director of Developmental & Behavioral Pediatrics and
the Susan Wiley Center, and Julie Bickel, MD (BCH); champions for the Autism phenotype.

Appendicitis Clinician Experts: Stephanie Kennebeck, MD (CCHMC) and Amir Kimia, MD (BCH); champions for
Appendicitis.

Early Childhood Obesity Clinician Experts: Nancy Crimmins, MD (CCHMC), Cassandra Brady, MD (BCH) and Vidhu
Thaker, MD (BCH); champions for Early Childhood Obesity.

Keith Marsolo, PhD (CCHMC eMERGE Key Personnel); Co-Investigator on grants supporting the following quality
improvement and learning networks - ImproveCareNow (62 centers), Ohio Perinatal Quality Collaborative (85
centers), and Solutions for Patient Safety (79 centers); Co-Investigator on a grant with Bill Nichols to develop a tool
that will allow investigators to query and request both case report form and sample data for a patient cohort with
Pulmonary Arterial Hypertension; Co-Investigator on 3 unique contracts to build the PCORI (Patient Centered
Outcomes Research Institute) National Patient-Centered Clinical Research Network (one with CCHMC as prime,
another with BCH as prime, another with CHOP as prime).

Genetics Expert Panel: Cindy Prows, MSN, APN, FAAN (CCHMC) is Chair of the Genetics Expert Panel at CCHMC.
Cincinnati Analytical Suite for Sequencing Informatics: Developers Kenneth Kaufman, PhD and John Harley, MD,
PhD (CCHMC) - active collaboration in establishing exome sequencing

Sander Vinks, PharmD, PhD, FCP (CCHMC) - Director, Division of Clinical Pharmacology; ongoing
pharmacogenomics consultation.

National Biological Sample and Data Repository for Pulmonary Arterial Hypertension (PAH): Bill Nichols, PhD
(CCHMC) is the PI of an NLHBI R24 to collect 3,500 Pulmonary Arterial Hypertension patients; Dr. Nichols is also
Interim Director of Human Genetics at CCHMC.

‘Methylphenidate in ADHD’ project: Tanya Froehlich, MD, MS (CCHMC) is the Clinician Expert of the
‘Methylphenidate in ADHD’ project.

Center for Pediatric Genomics (CpG): John Harley, MD, PhD and Peter White, PhD, Professor and Chair, Biomedical
Informatics, UC & CCHMC, are Co-Chairs of this Center at CCHMC.

Children’s Hospital of Philadelphia

Neurodevelopmental Genomics: Trajectories of Complex Phenotypes: The goal of this study is to perform
comprehensive neurocognitive phenotyping on 10,000 children who are already genotyped and perform methylation
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profiling, imaging and establish EBV cell lines on a subset of them. This will be made available as a public resource.
(PIs: H. Hakonarson, CHOP and R. Gur,UPenn)

1,000 Rare Diseases Project to Advance Gene Discovery: The project employs integrative genomic approaches and
analysis pipelines focusing on sequencing 1,000 rare diseases, including ones that affect both children and adults. It
uses next-generation sequencing (NGS) technologies to analyze well characterized DNA samples from patients and
families with single-gene inheritance patterns. (Co-Directors: H. Hakonarson, CHOP and Jian Wang, BGI)
CHOP/PENN Center for Excellence for Autism Research: This is a comprehensive study of neuroanatomical
features of children with ASD. It aims to characterize brain structure, connectivity (using diffusion tensor imaging),
and brain function to investigate possible causal mechanisms for the heterogeneity in ASD. (Co-PI H. Hakonarson,
CHOP)

Cholestatic Liver Disease Consortium: An ancillary study, Genetic Modifiers of Liver Disease Severity in Alagille
Syndrome is designed to identify genetic factors associated with liver disease severity in Alagille syndrome. (PI, N.
Spinner, CHOP)

Brain, Behavior and Genetic Studies of 22q11.2 Deletion Studies: The objective of this collaboration between
CHOP and Penn is to combine genetic and neurobiologic paradigms for understanding pathogenesis and for detection
of genes that modulate susceptibility to psychosis with phenotypic features of schizophrenia and related disorders
(SCZ). (PI, B. Emanuel, CHOP)

Alzheimer’s Disease Genetics Consortium: The goal of this study is to perform a whole genome scan to test for
association of AD to a high-throughput tag-SNP arrays. (P], G. Schellenberg, UPenn; PI-CHOP, H. Hakonarson)
Pediatric Cardiac Genomics Consortium: We are studying the genetic basis of conotruncal defects. Genetic risk
factors for disease are identified using genome wide association studies and copy number variant analyses. An
inception cohort with tetralogy of Fallot would be ascertained. (PI, E. Goldmuntz, CHOP; PI on genotyping network
facility: H. Hakonarson)

NICHD multi-center, multi-ethnic longitudinal Bone Mineral Density in Childhood Study: We are conducting a
genome-wide association study of bone mineral accretion during childhood. Our goal is to identify the genetic
determinants of bone health early in life with the ultimate goal of identifying new pathways for osteoporosis
prevention. (Co-P], S. Grant, CHOP and B. Zemel, CHOP)

Clinical Sequencing Exploratory Research: The Applying Genomic Sequencing in Pediatrics group is bringing
genomic sequencing into pediatric clinical settings. Researchers will work with families, scientists, and ethicists to
determine how patients should be counseled and educated before testing, what data should be provided back to
individual families, and what educational tools will help in understanding the implications of the testing. (Co-PlIs, I.
Krantz, CHOP and N. Spinner, CHOP)

3/3 Networks from Multidimensional Data for Schizophrenia and Related Disorders: Overall goal is to identify
schizophrenia genes (PI H. Hakonarson, CHOP).......... Others: Stephen Friend; Eric Schadt, Pamela Sklar; Raquel

Deep Sequencing of 296 Genes Implicated in Inflammatory Bowel Disease by Genome Wide Association
Studies in Pediatric Cohort: Overall goal is to identify variants associated with IBD (PI, H. Hakonarson); .......... others:
Robert Baldassano; Mark Daly MGH/Broad...

NGS: Whole genome scan to test for association to autism utilizing high-throughput tag-SNP arrays. The project used
genotyping and sequencing data generated by CAG and CAG-collaborators for association studies of both common and
rare variants in autism. (PI H. Hakonarson)

Genetic Modifiers of Liver Disease Severity in Alagille Syndrome: Overall goal is to resolve AGS (Co-I, H.
Hakonarson, CHOP)

Fine Mapping and Functional Evaluation of Selected Type 1 Diabetes Loci: Overall goal is to identify genetic
variants associated with T1D (PI. H. Hakonarson)

The Genetic Basis of Conotruncal Defects: Overall goal is to uncover CHD genes. (Co-1, H. Hakonarson, CHOP)
NGS: Type 1 diabetes, targeted sequencing. (P, H. Hakonarson)

NGS: Crohn’s disease, targeted sequencing. (PI, H. Hakonarson, CHOP)

NGS: Exome sequencing, early forms of schizophrenia. (PI, R. Gur, UPenn; PI-CHOP, H. Hakonarson)

GWAS: Bone Mineral Accretion during Childhood (Co-I, H. Hakonarson, CHOP)

GWAS: Childhood obesity. (P], S. Grant, CHOP)

GWAS: Latent autoimmune diabetes in adults (P], S. Grant, CHOP)

GWAS: Gene-Environment Interactions in Asthma. (Co-PI, H. Hakonarson, CHOP)

GWAS: Neuroblastoma. (PI, ]. Maris, CHOP)

GWAS: High density lipoprotein cholesterol. (PI, D. Rader, Upenn; PI-CHOP, H. Hakonarson)

GWAS: Schizophrenia. (PI, H. Hakonarson, CHOP)

PGx: Ventilation in pediatric patients with respiratory failure. (PI: A. Zuppa, CHOP)
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Geisinger

HMO Research Network: member site; collaborating with investigators at Group Health on the pharmacogenomics of
extreme weight gain due to 2nd/3rd generation anti-psychotic use funded by the International Severe Adverse Events
Consortium (iSAEC).

a. HMORN Genomics Special Interest Group: This group focuses on use of the HMORN for genomic medicine

research. It was recently reactivated, and Geisinger personnel are leading the group.

Pharmacogenomics Research Network (PGRN): associate member site; clopidogrel genetics collaborations with
investigators from the University of Maryland funded by the NIH as part of the Pharmacogenomics of Antiplatelet
Intervention 2 (PAPI-2) Study, a multi-center prospective double-blind randomized comparative effective trial comparing
personalized anti-platelet therapy to standard of care in patients undergoing percutaneous coronary interventions.
Clinical Decision Support Consortium: The goal of the CDSC is to assess, define, demonstrate, and evaluate best
practices for knowledge management and clinical decision support in healthcare information technology (IT) at scale -
across multiple ambulatory care settings and EHR technology platforms.
Clinical Pharmacogenomics Implementation Consortium: The CPIC develops evidence-based guidelines for the use of
pharmacogenomics data to inform medication use. Geisinger actively participates in the review of all guidelines and co-
authored the recently published guideline regarding the use of ILZ8B genotyping in treatement of Chronic Hepatitis C.

a. CPIC Informatics Working Group: This group is working to develop generalizable informatic solutions to lower

the implementation barriers for CPIC guidelines. Geisinger is actively participating in the work of this group.

American Medical Informatics Association Genomic Working Group: This group’s purpose is to focus on
opportunities in biomedical informatics, that arise from the storage, retrieval, analysis, and dissemination of molecular
information in a clinical setting. Geisinger joined this group in Spring 2014.
AAA Meta-GWAS Consortium: Collaborating with WTCCC, University of Utrecht, deCODE Genetics, and New Zealand AAA
Study.
Aneurysm Global Epidemiology Study (AGES): Collaborating with Edward Choke from University of Leicester, UK.
Mid-Atlantic Nutrition Obesity Research Center (NORC): The Mid-Atlantic NORC brings together resources at the
University of Maryland, Johns Hopkins University, The US Department of Agriculture and Geisinger Health System; and
cross-cutting expertise in various fields that can address the basic mechanisms that determine individual responses to
nutrient intake and energy imbalance.
PA CURE: A grant awarded by the PA-DOH and lead by Geisinger in collaboration with The University of Pittsburgh and
Temple University to create a risk scoring tool and test its utility for population screening of AAA.
PCORnet project EMPOWERING PATIENTS AND FAMILIES FOR COMMUNITY-DRIVEN RESEARCH: THE
DUCHENNECONNECT PATIENT-REPORT REGISTRY INFRASTRUCTURE PROJECT: The project will explore
improvements to DuchenneConnect to increase participant engagement, increase collection and transfer of patient
reported data, and enhance the accuracy of patient-reported data. The project will explore how to move information from
MyGeisinger (EPIC) into DuchenneConnect. Geisinger will explore IRB issues related to the sharing of data and will serve
as the IRB of record. Research Group: Parent Project Muscular Dystrophy (PPMD), UCLA, PatientCrossroads, Geisinger
GIANT (Genetic Investigation of Anthropometric Traits) - ExomeChip data contributed for discovery analysis for
anthropometric traits from approximately 7,600 MyCode participants and workgroup participation.
CHARGE (Cohorts for Heart and Aging Research In Genomic Epidemiology): Exome chip data contributed for analysis
of kidney disease from approximately 7,600 MyCode participants. Gerard Tromp from Geisinger is participating in all data
analysis calls weekly. Group leader is Caroline Fox from NIH.
AAA ExomeChip Consortium: Exome chip data contributed for analysis of abdominal aortic aneurysms from
approximately 7,600 MyCode participants. Gerard Tromp from Geisinger is participating in the data analysis. Group leader
is Matthew Bown from University of Leicester, UK.
Regeneron Genetics Center Collaboration: The goal is to perform whole exome sequencing of up to 100,000 Geisinger
MyCode participants and to identify novel gene-phenotype associations by linking to electronic medical record data.

Group Health/University of Washington

Alzheimer's Disease Genetics Consortium (ADGC)
(GENE enVironment Association) (GENEVA): to test and validate an automated algorithmatic method to identify mosaic
regions
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Northwest Institute of Genetic Medicine (NWIGM): to use the ongoing NWIGM biorepository to expand subject pool for
eMERGE Phase 2. There are approximately 1700 subjects in NWIGM that have not been GWAS’d for eMERGE to date and
which remain as an expansion cohort. All 2024 subjects in NWIGM will have exome chips available to eMERGE.

HMO Research Network: member site; GHRI recently completed a CommonFund Collaboratory project to help develop
resources and capacity to support large-scale epidemiological studies(megaepidemiology) with potential to link to HMO
based biobanks to address critical questions about the burden, causes, course, treatment, and prevention of common and
rare human diseases.

Scalable and Robust Clinical Text De-Identification Tools: New R01 funded by National Library of Medicine that is a
collaboration between Group Health and Vanderbilt to develop novel text de-identification methods. This work may
facilitate improved access within an institution to its clinical text (e.g. for phenotype development purposes) as well as
sharing of clinical text across institutions.

NWIGM: to study markers of Erectile Dysfunction (potential collaboration) in collaboration with Dr. Hunter Wessels,
University of Washington Medical Center. Several eMERGE sites have expressed interest in participating in this
collaboration.

AD Sequencing Project (ADSP): is doing whole exome sequencing (WES) on n=1,342 ACT participants, with data due
June 2014. We as ACT and as eMERGE will benefit from having WES data. The phenotypes considered by ADSP are AD
case/control phenotype (which we have from ACT) and the WES sequencing.

CARE: WBC (potential collaboration)

We are exploring a possible collaboration with Kaiser Permanente Hawaii to link EHR data from enrolled members with
biobank samples. At this time, only prep research work has begun in coordination with KPHI.

Marshfield/Essentia/Penn State

AMD consortium Retinal specialists from Vanderbilt confirmed case status. Data will be shared in the near future with the
network which is attempting to identify novel genetic variants associated with AMD.
Glaucoma consortium: additional samples were GWAS'd. Several papers have been published and other are under review.
(1R01EY022305-01)
PhenX received admin supplement for year 1 of eMERGE II. Seven sites were funded in the PhenX RISING network. The
network modeled their data sharing agreement on the eMERGE DUA. Supplement funding is complete. PhenX looked at
Ecologic Stressors, Post-Traumatic Stress Disorder, and Drug Use in Detroit, University of Michigan, Ann Arbor, Allison
Aiello, PhD and National Institute on Drug Abuse. PhenX has 1 paper published and 3 more papers under review.

a. Cathy McCarty co-chairs with the Steering Committee for the evaluation and revisions of PhenX Toolkit

Measures.

NDPBRN National Dental Practice Based Research Network to support dentists in individual practices or CHC to
conduct research.
"Oral-Systemic Health Consortium" with Mt. Sinai, Univ. of Pittsburgh, UMDN], and UNC. The Oral-Systemic Health
Consortium is in the process of enrolling study subjects along with microbiome samples
HMORN member site for Marshfield and Essentia; The Collaboratory will seek to enable large-scale epidemiological
studies to address critical questions about the burden, causes, course, treatment, and prevention of common and rare
human diseases. Development/enhancement of web-based patient portals and creation of megacohorts seem to be
achievable goals of an eMERGE/HMO RN Collaboratory partnership.
International Health Terminology Standards Development Organization (IHTSDO): standards for safe, precise and
effective exchange of clinical and health information.
Clinical and Translational Science Awards (CTSA): The goal of the University of Wisconsin Institute for Clinical and
Translational Research (UW ICTR) is to create an environment that transforms research into a continuum from
investigation through discovery and to translation into real-life community practice, thereby linking even the most basic
research to practical improvements in human health.
Wisconsin Genomics Initiative (WGI): The Wisconsin Genomics Initiative advances personalized health care research.
Scientists will be able to predict an individual's risk of developing a disease, precisely target a personalized treatment and
ultimately prevent disease before it occurs.
PGRN-PGPOP - PharmacoGenomic discovery and replication in very large patient POPulations. PGPop was conceived as
a network resource to provide to PGRN an opportunity to identify large groups of real world patients with known drug
exposures and outcomes for pharmacogenomic study in a clinical setting.
Iron Metabolism (Christopher Vulpe, PI) “An integrated molecular approach to understand variation in iron metabolism”
(1R01GM083198-01A1).



12. A Traumatic Brain Injury (TBI) Patient Registry to Examine Variations in Diagnosis, Treatment and Outcomes
(Allen Heinemann and Abel Kho) As one specific Aim we propose to: Develop and validate a traumatic brain injury
phenotype, linked to existing genetic data, using EHR data within the eMERGE consortium. In addition to defining the
phenotype, we would also try and document certain objective measures of TBI measures and outcomes.

13. GEMS Consortium A number of pharmacogenomics research centers (the "consortium") are interested in discovering
new genetic variants that are important for predicting myopathy in the context of statin therapy using candidate gene
association studies (CGAS), genome wide association studies (GWAS), exome scanning, whole genome sequencing, and
other methods. Many members of the consortium have collected cohorts of patients who have been treated with lipid
modifying drugs and have obtained a variety of response phenotypes, including both efficacy and toxicity endpoints, and
have genotype data and/or DNA available from these participants. Members of the consortium are willing to share these
data for the purposes of replicating the findings of others, and for combined (meta) analysis. Based on the success of
similar consortia, other disease genetics consortia, and other pharmacogenetic consortia GEMS seeks to utilize this same
approach to advance pharmacogenomics for statin therapy.

14. PCROI (Univ Kansas Cooperative subcontract) Clinical Data Research Network (CDRN) Marshfield Clinic is one of 10 sites
from the Greater Plains Collaborative as a Clinical Data Research Network within the Patient Centered Outcome Research
Institute’s new National Patient-Centered Clinical Research Network.

Mayo Clinic

AT&T Foundation

Multi-source Integrated Platform for Answering Clinical Questions (MiPAQ)

The Environmental Determinants of Diabetes in the Young Study (TEDDY)

World Health Organization (WHO): International Classification of Disease (ICD)-11 Revision

cancer Biomedical Informatics Grid (caBIG®)

Consensus Measures for Phenotypes and Exposures (PhenX): Network collaboration on eleMAP and other data standards

projects

Pharmacogenomics Research Network (PGRN): member site.

8. Pharmacogenomics Ontology Network Resource (PHONT within PGRN): PGRN network resource, an effort to support
meta-analyses, achieve translational goals, and facilitate the messaging of pharmacogenomics-related data from and into
clinical environments such as EMRs

9. National Center for Biomedical Ontology (NCBO): collaborating site, an effort to leverage ontologies to increase access to
and understanding of defined terms and relationships in the biomedical domain.

10. Office of National Coordinator for Health Information Technology (ONC).

11. PheMA (Phenotype Modeling Architecture): Vanderbilt and Northwestern

SARAN- IR

N

12. Peripheral arterial disease (PAD) Genetics Consortium: Collaborating with University of Dundee Scotland, Wellcome
Trust Centre for Human Genetics, deCODE Genetics, and others.

13. Cardiogram+4CD consortium. Coronary heart disease genetics consortium.

14. AAA Meta-GWAS Consortium: Collaborating with Geisenger Medical Center, WTCCC, University of Utrecht, deCODE
Genetics, and New Zealand AAA Study.

15. Fibromuscular dysplasia (FMD) genetics consortium.

16. GEMS Consortium: Discovery of new genetic variants related to statin myopathy.

17. Amiodarone pulmonary toxicity: (with Vanderbit University)

18. GWAS of vancomycin induced changes in serum creatinine (with Vanderbilt University)

19. Susceptibility Genes for Erectile Dysfunction (with Dr. Hunter Wessels, UW and additional eMERGE sites)

Icahn School of Medicine at Mount Sinai

1. GIANT (Genetic Investigation of Anthropometric Traits) - GWAS data contributed for discovery analysis for
anthropometric traits from all BioMe participants and workgroup participation

2. GIANT (Genetic Investigation of Anthropometric Traits) - ExomeChip data contributed for discovery analysis for
anthropometric traits from all BioMe participants and workgroup participation

3. COGENT BP (Continental Origins and Genetic Epidemiology Network) - GWAS data for BP from African American BioMe
participants contributed for discovery analysis

4. COGENT BP (Continental Origins and Genetic Epidemiology Network) - data for BP from African American BioMe
participants contributed for discovery analysis
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GHBP (Genomics in Hispanics for Blood Pressure) - GWAS data for BP from Hispanics contributed for discovery analysis
Massachusetts Institute of Technology Computer Science and Artificial Intelligence Laboratory (John Guttag):
Predictive Modelling and Personalized Health Decision Support Tools

African American Anthropometrics Genetics Consortium - GWAS data of BMI from African Americans BioMe
participants contributed for discovery and follow up analysis and workgroup participation

African American Type 2 Diabetes Genetics Consortium - GWAS data of T2D from African American BioMe
participants contributed for analysis

CHARGE (Cohorts for Heart and Aging Research In Genomic Epidemiology) Exome chip data contributed for analysis
of BP from all BioMe participants

CHARGE (Cohorts for Heart and Aging Research In Genomic Epidemiology) Exome chip data contributed for analysis
of blood traits from all BioMe participants

CHARGE (Cohorts for Heart and Aging Research In Genomic Epidemiology) - Gene-Lifestyle interaction working
group: GWAS data contributed for analysis of lipids that examines interaction with smoking from all BioMe participants
CKDGen (CKD Genetics Consortium) - GWAS data contributed for discovery analysis and workgroup participation
CKDGen (CKD Genetics Consortium) Exome chip data contributed for analysis of BP from all BioMe participants

GLGC (Global Lipids Genetics Consortium) Exome chip data contributed for discovery analysis of all lipids from all BioMe
participants

GLGC (Global Lipids Genetics Consortium) Exome chip data contributed for follow-up analysis of CAD from all African
American BioMe participants

ESP-LDL (Exome Sequencing Projects LDL Cholesterol) Exome chip data contributed for follow-up analysis of LDL
from all BioMe participants

MAGIC (Meta-Analyses of Glucose and Insulin-related traits Consortium) Exome chip data contributed for discovery
analysis of HbA1c from all BioMe participants

CHARGE (Cohorts for Heart and Aging Research In Genomic Epidemiology) Exome chip data contributed for
discovery analysis of Glycaemic traits from all BioMe participants

CHARGE (Cohorts for Heart and Aging Research In Genomic Epidemiology) Exome chip data contributed for follow-
up analysis of Amyloidoses from all BioMe participants

MEDIA MEta-analysis of type 2 Dlabetes in African Americans (MEDIA) Consortium

GWAS data contributed for discovery analysis of T2D from African American BioMe participants.

TranscenD (TRANS-ethnic Evaluation of vitamin D) GWAS data contributed for discovery analysis of Vitamin D from all
BioMe participants.

Lipids in HA GWAS data contributed for discovery analysis of Lipids from all Hispanic American BioMe participants.
AAGILE (African American Glucose and Insulin Genetic Epidemiology (AAGILE) Consortium) GWAS data contributed for
discovery analysis of HbA1lc and glucose from all African American BioMe participants.

DIAGRAM+ and GOT2D (Genetics of Type 2 Diabetes) GWAS data contributed for follow-up analysis of T2D from all
BioMe participants.

BP in HA GWAS data contributed for discovery analysis of BP from all Hispanic American BioMe participants.

ICBP (International Consortium for Blood Pressure) GWAS data contributed for discovery analysis of BP from all
European American BioMe participants.

HISLA study - Anthropometric Traits in HA GWAS data contributed for discovery analysis of Anthropometric Traits
from all Hispanic American BioMe participants.

T2D Genes Targeted sequencing for follow-up analysis of T2D from all European American BioMe participants.

IGNITE Network (NHGRI U01) Implementing Genomics in Practice

Study of Latinos (SOL): Participation in lipids and antheropomtrics working group, replication with BioMe HA.
TranscenD: GWAS data contributed for disocevry analyses for Vitamin D in all BioMe participants
CARDIOGRAMPLUS4CD: GWAS data contributed for discovery and fine-mapping of genetic loci associated with
CAD.

Runs of Homozygosity Consortium: Contributed GWAS data for a number of traits across all BioMe participants to
test for runs of hozygosity.

Northwestern University

African American Type 2 Diabetes Genetics Consortium (MEDIA): Don Bowden (Wake Forest) leads a collaborative
group of ~12 sites including Northwestern and Vanderbilt. This consortium conducted a meta-analysis of genomic
determinants of Type 2 Diabetes in African Americans. Paper is submitted to Nature Genetics, with multiple eMERGE
investigators and the eMERGE consortium represented as authors.



v

PR oYOoNS

= o

13.
14.
15.

Nk W e

10.
11.
12.
13.
14.
15.
16.
17.

18.
19.

20.
21.
22.
23.
24,

25.

26.
27.

COGENT (Continental Origins of Genetic Traits): New meta-analysis consortium focused on African-American and Latino
populations; NU participates in trait-specific working group (for height & RBC phenotypes)

GIANT Consortium: Meta-analysis of height from >100,000 subjects across multiple studies. Awaiting draft of manuscript
from consortium lead analysts.

Vanderbilt: Vitamin D Related Innate Immunity in Influenza

PAGE (Population Architecture using Genomics and Epidemiology) : inc. a PheWAS replication in eMERGE; including
blood count data for AA pts

CTSA project with Mayo (neutropenia and thrombocytopenia)

CAGE (QRS in African Americans with VU)

Stanford University: Extracting the Quality of Prostate Cancer Care from EHR

UCSF: Metformin and T2D Project

AAA Genotyping- collaborating with Geisinger

De-1d Project (Anonymization of clinical codes in support of genome-phenome association studies) with Marshfield
and Vanderbilt

AAGILE/MEDIA: Fasting Glucose meta-analysis

Pharmacogenomics Research Network (PGRN): associate member site

Imperial College London: Genome-wide association meta-analysis of random glucose levels

PheMA (Phenotype Modeling Architecture): Vanderbilt and Mayo

Vanderbilt University

QRS GWAS Consortium: across eMERGE; replication planned with CHARGE

QT Interval GWAS Consortium (QT-IGC)

PRIMA (CHARGE-led mega meta-analysis of PR interval)

Pharmacogenomics Research Network (PGRN): member site

Kaiser Permanente, Marshfield Clinic, RIKEN - statins & MI

UCSF and RIKEN - Metformin-related glycemic response

Marshfield Clinic, Harvard Crimson, and Harvard Pilgrim - Asthma response to inhaled steroids; methotrexate-
induced liver injury

RIKEN - ACE inhibitor-associated angioedema Published, Asthma response to inhaled steroids

Baylor, Marshfield Clinic, Mayo Clinic - Amio-induced pulmonary toxicity and thyrotoxicosis.

St Jude Children’s Research Hospital - Steroid-induced osteonecrosis

Children’s Hospital Oakland Research Institute (CHORI) and Marshfield Clinic - Statin effects in asthma Published
University of Florida - Cerebrovascular disease and clopidogrel

University of Colorado Boulder - Seborrheic keratosis

University of Maryland - Association of CES1 G143E with bleeding and decreased events during clopidogrel therapy
ICPC (International Clopidogrel Pharmacogenomics Consortium)

CPIC (Clinical Pharmacogenetics Implementation Consortium)

Consensus Measures for Phenotypes and Exposures (PhenX): Network collaboration on eleMAP and other data standards
projects

GANI_MED biorepository in Greifswald, Germany: biobank ELSI collaboration

Children’s Hospital of Eastern Ontario (CHEO) / University of Ottawa to study re-identification risks in electronic medical
records data tied to genomic records.

Sabanci University and Zirve University in Turkey to develop anonymization strategies for longitudinal records, which we
evaluated with the Vanderbilt’s QRS GWAS cohort.

University of Illinois at Urbana Champaign (Carl Gunter) and Ecole Polytechnique Federale du Laussanne (EPFL)
around systematizing knowledge regarding identifiability attaches on research genomic data for the computer privacy and
security community.

University of South Australia (Dr. Jiyong Li and Dr. Xiaofeng Ding) for de-identification policy search research

GEMS (Genetics and Myopathy on Statins Consortium)

The Ohio State University - Interaction model using two genetic variants in dopamine beta hydroxylase (DBH) to predict
protection from myocardial infarction

University of California at San Francisco - Genomewide Meta-Analysis of Allopurinol Response in Patients with Gout or
Hyperuricemia

PCORNet: use of PheKB phenotyping assistance

Qatar Biobank - EMR design
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Nadkarni G, Gottesman O, Farouk S, Weng C, Peissig P, et al. Development and validation of an electronic phenotyping
algorithm for chronic kidney disease. JAMIA. (Accepted)

Jeff JM, Brown-Gentry K, Goodloe R, Ritchie MD, Denny JC et al. Replication of SCN5A Associations with
Electrocardiographic Traits in African Americans from Clinical and Epidemiologic Studies. Lecture Notes in Comput. Sci.
2014. (Accepted).

Overby CL, Rasmussen LV, Hartzler A, Connolly J], Peterson JF, et al. A Template for Authoring and Adapting Genomic
Medicine Content in the eMERGE Infobutton Project. JAMIA (In Press)

Parihar A, Wood GC, Chu X, Jin Q, Argyropoulos G, et al. Extension of GWAS results for lipid-related phenotypes to extreme
obesity using electronic health record (EHR) data and the Metabochip. Front Genet. 2014 Aug 5;5:222. PMID: 25147553

PMCID: PMC4123014

5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Arking DE, Pulit SL, Crotti L, van der Harst P, Munroe PB, et al. Genetic association study of QT interval highlights role for

calcium signaling pathways in myocardial repolarization. Nat. Genet. 2014 Aug; 46(8):826-36, PMID: 24952745 PMCID:

PM(C4124521

Crosslin DR, Tromp G, Burt A, Kim DS, Verma SS, et al. Controlling for population structure and genotyping platform bias

in the eMERGE multi-institutional biobank linked to electronic health records. Front Genet. 2014 Nov 4;5:352. PMID:

25414722 PMCID: PMC4220165

Namjou B, Marsolo K, Caroll R, Denny ]C, Ritchie MD, et al. Phenome-wide association study (PheWAS) in EMER-linked

pediatric cohorts, genetically links PLCL1 to speech language development and IL5-1L13 to Eosinophilic Esophagitis.

Front. Genet., 18 November 2014, PMID: 25477900 PMCID: PMC4235428

Verma SS, de Andrade M, Tromp G, Kuivaniemi H, Pugh E, et al. Imputation and quality control steps for combining

multiple genome-wide datasets. Front Genet. 2014 Dec 11;5:370, PMID: 25566314 PMCID: PMC4263197

Denny ]C, Beilinski S], Basford MA, Bradford Y, Peissig PL, et al. Genetic variants associated with serum thyroid stimulating

hormone (TSH) levels in European Americans and African Americans from the eMERGE Network. PLoS One. 2014 Dec

1;9(12):e111301, PMID: 25436638 PMCID: PMC4249871

Crosslin DR, Carrell DS, Burt A, Kim DS, Underwood ]G, et al. Genetic variation in the HLA region is associated with

susceptibility to herpes zoster. Genes Immun. 2014 Oct 9;0. PMID: 25297839

Verma SS, de Andrade M, Tromp G, Kuivaniemi H, Pugh E, et al. Imputation and quality control steps for combining

multiple genome-wide datasets. Front Genet. 2014 Oct; 5:370.

Brothers KB, Lynch JA, Aufox SA, Connolly J], Gelb BD, et al. Practical Guidance on Informed Consent for Pediatric

Participants in a Biorepository. Mayo Clin Proc. 2014 Sep 25; PMID: 25264176

Hayes G, Ng MCY, Shriner D, Chen BH, Li ], et al. Meta-analysis of type 2 Diabetes in African Americans Consortium. Meta-

analysis of genome-wide association studies in African Americans provides insights into the genetic architecture of type 2

diabetes. PLoS Genet. 2014 Aug;10(8):e1004517. PMID: 25102180 PMCID: PMC4125087

Rasmussen-Torvik L], Stallings SC, Gordon AS, Almoguera B, Basford MA, et al. Design and Anticipated Outcomes of the

eMERGE-PGx Project: A Multi-Center Pilot for Pre-Emptive Pharmacogenomics in Electronic Health Record Systems. Clin

Pharmacol Ther. 2014 Jun 24; PMID: 24960519

Rasmussen LV, Thompson WK, Pacheco JA, Kho AN, Carrell DS, et al. Design patterns for the development of electronic

health record-driven phenotype extraction algorithms. ] Biomed Inform. 2014 Jun 21; PMID: 24960203

Almoguera B, Vazquez L, Connolly J], Bradfield ], Sleiman P, et al. Imputation of TPMT defective alleles for the

identification of patients with high-risk phenotypes. Front. Genet. 2014 May 12;5:96. PMID: 24860591 PMCID:

PMC4026736

Ye Z, Vasco DA, Carter T, Brilliant M, Schrodi SJ, et al. Genome wide association study of SNP-, gene-, and pathway-based

approaches to identify genes influencing susceptibility to Staphylococcus aureus infections. Staphylococcus aureus. 2014

May 9;5:125. PMID: 24847357 PMCID: PMC4023021

Jarvik GP, Amendola LM, Berg JS, Brothers K, Clayton EW, et al. Return of Genomic Results to Research Participants: The

Floor, the Ceiling, and the Choices In Between. Am ] Hum Genet. 2014 May 7; PMID: 24814192

Sleiman P, Bradfiled ], Mentch F, Almoguera B, Connolly ], et al. Assessing the functional consequence of loss of function

variants using electronic medical record and large-scale genomics consortium efforts. Front Genet. 2014 Apr 29;5:105.

PMID: 24808909 PMCID: PMC4010747

Mitchell BD, Fornage M, McArdle PF, Cheng Y-C, Pulit S, et al. Using previously genotyped controls in genome-wide

association studies (GWAS): application to the Stroke Genetics Network (SiGN). Front Genet. 2014 Apr 29;5:95. PMID:

24808905 PMCID: PMC4010766

Sun X, Lu Q, Mukheerjee S, Crane P, Elston RC, et al. Analysis pipeline for the epistasis search - statistical versus biological
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filtering. Front Genet. 2014 Apr 30;5:106. PMID: 24817878 PMCID: PMC4012196

Kullo IJ, Haddad R, Prows CAM, Holm I, Sanderson SC, et al. Return of Genomic Results in the Genomic Medicine Projects of
the eMERGE Network. Front Genet. 2014 Mar 26;5:50. PMID: 24723935 PMCID: PMC3972474

Connolly J], Glessner JT, Almoguera B, Crosslin DR, Jarvik GP, et al. Copy number variation analysis in the context of
electronic medical records and large-scale genomics consortium efforts. Front Genet. 2014 Mar 18;5:51. PMID:
24672537 PMCID: PMC3957100

Jeff M, Armstrong LL, Ritchie MD, Denny ]JC, Kho AN, et al. Admixture mapping and subsequent fine-mapping suggests a
biologically relevant and novel association on chromosome 11 for type 2 diabetes in african americans. PLoS ONE. 2014
Mar 3;9(3):€86931. PMID: 24595071 PMCID: PMC3940426

Patel ZH, Kottyan LC, Lazaro S, Williams MS, Ledbetter DH, et al. The struggle to find reliable results in exome sequencing
data: filtering out Mendelian errors. Front Genet. 2014 Feb 12;5:16. PMID: 24575121 PMCID: PMC3921572
Muthalagu A, Pacheco JA, Aufox S, Peissig PL, Fuehrer JT, et al. A Rigorous Algorithm To Detect And Clean Inaccurate Adult
Height Records Within EHR Systems. Applied Clinical Informatics. 2014 Feb 19;5(1):118-126. PMID: 24734128 PMCID:
PMC3974252

Crawford DC, Crosslin DR, Tromp G, Kullo I], Kuivaniemi H, et al. eMERGEing progress in genomics—the first seven years.
Front Genet. 2014;5:184. PMID: 24987407 PMCID: PMC4060012

Cronin RM, Field ]JR, Bradford Y, Shaffer CM, Carroll R], et al. Phenome-wide association studies demonstrating pleiotropy
of genetic variants within FTO with and without adjustment for body mass index. FTO. 2014;5:250.

Kullo IJ, Shameer K, Jouni H, Lesnick TG, Pathak ], et al. The ATXN2-SH2B3 locus is associated with peripheral arterial
disease: an electronic medical record-based genome-wide association study. Front Genet. 2014;5:166. PMID: 25009551
PMCID: PMC4070196

Schrodi S], Mukherjee S, Shan Y, Tromp G, Sninsky ]], et al. Genetic-based prediction of disease traits: prediction is very
difficult, especially about the future. Front Genet. 2014;5:162. PMID: 24917882 PMCID: PMC4040440

Pathak ], Kho AN, Denny ]C. Electronic health records-driven phenotyping: challenges, recent advances, and perspectives. |
Am Med Inform Assoc. 2013 Dec;20(e2):e206-211. PMID: 24302669 PMCID: PMC3861925

Overby CL, Pathak ], Gottesman O, Haerian K, Perotte A, et al. A collaborative approach to developing an electronic health
record phenotyping algorithm for drug-induced liver injury. ] Am Med Inform Assoc. 2013 Dec;20(e2):e243-252. PMID:
23837993 PMCID: PMC3861914

Mosley ]JD, Van Driest SL, Larkin EK, Weeke PE, Witte ]S, et al. Mechanistic Phenotypes: An Aggregative Phenotyping
Strategy to Identify Disease Mechanisms Using GWAS Data. PLoS ONE. 2013 Dec 12;8(12):e81503. PMID: 24349080
PMCID: PM(C3861317

Namjou B, Keddache M, Marsolo K, Wagner M, Lingren T, et al. EMR-linked GWAS study: investigation of variation
landscape of loci for body mass index in children. Front Genet. 2013 Dec 3;4:268. PMID: 24348519 PMCID:
PMC3847941

Overby CL, Pathak ], Gottesman O, Haerian K, Perotte A, et al. A collaborative approach to developing an electronic health
record phenotyping algorithm for drug-induced liver injury. ] Am Med Inform Assoc. 2013 Dec;20(e2):e243-52. doi:
10.1136/amiajnl-2013-001930. Epub 2013 Jul 9. PMID: 23837993 PMCID: PMC3861914

Denny ]C, Bastarache L, Ritchie MD, Carroll R], Zink R, et al. Systematic comparison of phenome-wide association study of
electronic medical record data and genome-wide association study data. Nat Biotech. 2013 Nov 24; PMID: 24270849
PMCID: PM(C3969265

Overby CL, Kohane I, Kannry JL, Williams MS, Starren ], et al. Opportunities for genomic clinical decision support
interventions. Genet Med. 2013 Oct;15(10):817-823. PMID: 24051479 PMCID: PMC3858176

Tarczy-Hornoch P, Amendola L, Aronson SJ, Garraway L, Gray S, et al. A survey of informatics approaches to whole-exome
and whole-genome clinical reporting in the electronic health record. Genet Med. 2013 Oct;15(10):824-832. PMID:
24071794 PMCID: PMC3951437

Chute CG, Ullman-Cullere M, Wood GM, Lin SM, He M, et al. Some experiences and opportunities for big data in
translational research. Genet Med. 2013 Oct;15(10):802-809. PMID: 24008998 PMCID: PMC3906918

Peterson JF, Bowton E, Field ]R, Beller M, Mitchell ], et al. Electronic health record design and implementation for
pharmacogenomics: a local perspective. Genet Med. 2013 Oct;15(10):833-841. PMID: 24009000 PMCID:
PMC39259790c

Kho AN, Rasmussen LV, Connolly J], Peissig PL, Starren ], et al. Practical challenges in integrating genomic data into the
electronic health record. Genet Med. 2013 Oct;15(10):772-778. PMID: 24071798

Kannry JM, Williams MS. Integration of genomics into the electronic health record: mapping terra incognita. Genet Med.
2013 Oct;15(10):757-760. PMID: 24097178

Kannry ], Williams MS. The undiscovered country: the future of integrating genomic information into the EHR. Genet Med.
2013 Oct;15(10):842-845. PMID: 24071799

Hazin R, Brothers KB, Malin BA, Koenig BA, Sanderson SC, et al. Ethical, legal, and social implications of incorporating
genomic information into electronic health records. Genet Med. 2013 Oct;15(10):810-816. PMID: 24030434 PMCID:

12



45,

46.

47.

48.

49.

50.

51.

52.

53.

PMC(C3926430

Hartzler A, McCarty CA, Rasmussen LV, Williams MS, Brilliant M, et al. Stakeholder engagement: a key component of
integrating genomic information into electronic health records. Genet Med. 2013 Sep 12; PMID: 24030437 PMCID:
PM(C3909653

McDavid A, Crane PK, Newton KM, Crosslin DR, McCormick W, et al. Enhancing the Power of Genetic Association Studies
through the Use of Silver Standard Cases Derived from Electronic Medical Records. PLoS ONE. 2013 Jun 10;8(6):e63481.
PMID: 23762230 PMCID: PMC3677889

Gottesman O, Kuivaniemi H, Tromp G, Faucett WA, Li R, et al. The Electronic Medical Records and Genomics (eMERGE)
Network: past, present, and future. Genet Med. 2013 Jun 6; PMID: 23743551 PMCID: PMC3795928

Chute CG, Kohane IS. Genomic medicine, health information technology, and patient care. JAMA. 2013 Apr
10;309(14):1467-1468. PMID: 23571583 PMCID: PMC3959893

Wei W-Q, Leibson CL, Ransom JE, Kho AN, Chute CG. The absence of longitudinal data limits the accuracy of high-
throughput clinical phenotyping for identifying type 2 diabetes mellitus subjects. Int ] Med Inform. 2013 Apr;82(4):239-
247.PMID: 22762862 PMCID: PMC3478423

Jeff JM, Ritchie MD, Denny ]JC, Kho AN, Ramirez AH, et al. Generalization of Variants Identified by Genome-Wide
Association Studies for Electrocardiographic Traits in African Americans. Ann Hum Genet. 2013 Mar 28; PMID:
23534349 PMCID: PMC3743946

Starren |, Williams MS, Bottinger EP. Crossing the Omic Chasm: A Time for Omic Ancillary Systems. JAMA. 2013 Mar 14;1-
2. PMID: 23494000 PMCID: PM(C3857698

Crosslin DR, McDavid A, Weston N, Zheng X, Hart E, et al. Genetic variation associated with circulating monocyte count in
the eMERGE Network. Hum Mol Genet. 2013 Jan 12; PMID: 23314186 PMCID: PMC3633369

Kullo IJ, Jarvik GP, Manolio TA, Williams MS, Roden DM. Leveraging the electronic health record to implement genomic
medicine. Genet Med. 2012 Sep 27; PMID: 23018749
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17.

18.

19.
20.

21.

22.

23.

24,

25.
26.

27.
28.
29.
30.
31.
32.

33.

Cognitive Interviews associated with developing a national survey on consent across a national network of genomic
medicine sites. Lead Investigator: Melanie Myers (CCHMC)

Developing a national survey on consent across a national network of genomic medicine sites. Lead Investigator: Ingrid
Holm & Maureen Smith

A Literature Review of U.S. Individuals’ Perspectives on Privacy, Trust, and Perceived Risks and Benefits in Biobanking.
Lead Investigator: Nanibaa’ Garrison (VU)

A Review of U.S. Individuals’ Perspectives on Governance and Consent in Biobanking. Lead Investigator: Nanibaa’ Garrison
A Highly Accurate Electronic Algorithm for the Classification of Asthma Severity in Children. Lead Investigator: Erik
Hysinger (CHOP)

Epistatic gene-based interaction analyses for glaucoma in eMERGE network and NEIGHBOR consortium. Lead
Investigator: Shefali Verma (PSU)

Exploring the genetic architecture of Age-Related Macular Degeneration (AMD) in the eMERGE network. Lead
Investigator: Molly Hall (PSU)

Genome-wide Association Study of Gastroesophageal Reflux Disease (GERD) in Adult and Pediatric Populations. Lead
Investigator: Patrick Sleiman (CHOP)

Genome-wide Association Study of Atopic Dermatitis in Adult and Pediatric Populations. Lead Investigator: Berta
Almoguera (CHOP)

Genome-wide Association Study of Asthma in Adult and Pediatric Populations. Lead Investigator: Berta Almoguera (CHOP)
Genome-wide Association Study of Attention Deficit Hyperactivity Disorder (ADHD). Lead Investigator: John Connolly
(CHOP)

Locus-specific PheWas study : An investigation of size effect of IRF5 and STAT4 in various autoimmune diseases and
other phenotypes in all available samples in eMERGE. Lead Investigator: Bahram Namjou (CHOP)

Investigation of PCSK9 SNPs with LDL-C, BMI and risk of T2D. Lead Investigator: Brendan Keating (CHOP)

Phenotype transportability across Electronic Health Records. Lead Investigator: Joshua Denny (VU)

Practical considerations for implementing genomic information resources: experiences from eMERGE and CSER. Lead
Investigator: Luke Rasmussen (NU)

GWAS study on appendicitis in pediatric and adult population: using participants of the eMERGE Network. Lead
Investigator: Bahram Namjou (CHOP)

The COGENT consortium meta-analysis of blood pressure African ancestry cohorts. Lead Investigator: Dinga Velez
Edwards (VU)

GWAS study on LFT (liver function test) in pediatric population: comparison of size effect between adult and children
using participants of the eMERGE Network. Lead Investigator: Bahram Namjou (CHOP)
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70.

Genetic variation among 84 pharmacogenes from the PGRNSeq in the eMERGE Network. Lead Investigators: Will Bush
(Case) & David Crosslin (GH/UW)

PheWAS analysis of a functional variant in CDHR3. Lead Investigator: Michael March (CHOP)

PheWAS analysis of homozygous deletions in GWAS data. Lead Investigator: Michael March (CHOP)

A Systematic Literature Review of Individuals’ Perspectives on Broad Consent and Data Sharing in the United States. Lead
Investigator: Nanibaa’ Garrison (VU)

Desiderata for Computable Representations of Electronic Health Records-Driven Phenotype Algorithms. Lead
Investigator: Huan Mo (NU)

Using PheWAS to assess disease comorbidity and potential pleiotropy of genetic risk scores for rheumatoid arthritis. Lead
Investigator: Robert Carroll (VU)

Association of rare and common variants in LDLR, HMGCR, NAT2, ABCA1, and APOA1 with plasma lipid levels: results
from 9000 participants of the eMERGE Network. Lead Investigators: Daniel Kim (Michigan), Erin Austin (Mayo)
Exploring genetics and outcomes associated with acute kidney injury (AKI) using electronic health records and genomics.
Lead Investigator: Girish N Nadkarni (Mt. Sinai)

Practical Considerations in Genomic Decision Support: The eMERGE Experience. Lead Investigator: Tim Herr (NU)

A Conceptual Model for Omic Data. Lead Investigator: Tim Herr (NU)

Novel NR3C1 and NR3C2 variants to improve genetic screening/testing for endocrine hypertension. Lead Investigator:
Noura Abul-Husn (Mt. Sinai)

PGRNseq and GWAS predictors of Methylphenidate (MPH) response. Lead Investigator: Tanya Froelich (CCHMC)

Null Variant PheWAS. Lead Investigators: Marylyn Ritchie (MC/EIRH/PSU & CC)

Discovery, Replication and Clinical Associations of Pathway-Based Trans-eQTL. Lead Investigator: Laura Wiley (VU)
Multiscale Analysis Of Influenza Host-Pathogen Interactions: Fluomics. Lead Investigator: Ellie Sang Sukerman
(Northwestern)

Practical Considerations in Genomic Decision Support: The eMERGE Experience. Lead Investigator: Tim Herr (VU)

Rare RYR1, CACNA1S variant annotation, exposure history, observed phenotypes in cases and controls. Lead Investigator:
Senthilkumar Sadhasivam (CCHMC()

Variant Calling and Annotation for 82 known pharmacogenes (tentative). Lead Investigator: Will Bush (CC)
ePhenotyping for Abdominal Aortic Aneurysm: Algorithm development and KNIME workflow. Lead Investigator: Ken
Borthwick (Geisinger)

Characterizing the individual and shared genetic components of pheWAS phenotypes. Lead Investigator: Jonathan Mosley
(VU)

Examining gene variants in eMERGE samples for association with uterine fibroids. Lead Investigator: Todd Edwards (VU)
A Phenome-wide Survey of the Phenotypic Effects of Neanderthal Admixture. Lead Investigator: Corrine Simonti (VU)
Prospective participant selection and ranking to maximize actionable PGx variants and discovery in the eMERGE Network.
Lead Investigator: David Crosslin (GroupHealth)

MVtest: a method to flexibly model the genetic determinants of trait variability. Lead Investigator: Todd Edwards (VU)
Autism Spectrum Disorders: Electronic Health Record Mining and Comorbidity Clustering. Lead Investigator: Todd
Lingren (CCHMC)

Pediatric Providers are Poor at Identifying Severe Obesity in Young Children at Two Tertiary Pediatric Medical Centers.
Lead Investigator: Cassandra Brady (CCHMC()

Developing an Algorithm to Detect Early Childhood Obesity Two Tertiary Pediatric Medical Centers. Lead Investigator:
Todd Lingren, Vidhu Thaker (BCH)

Association of APOL1 G1/G2 risk alleles with metabolic and cardiovascular traits. Lead Investigator: Girish Nadkarni (Mt.
Sinai) & Miriam Udler (BCH)

Rare variant annotation and observed phenotypes in SCN5A and KCNH2. Lead Investigator: Sara Van Driest (VU)

GWAS in cohort of eMERGE network subjects with ACE-inhibitor induced cough. Lead Investigator: Jonathan Mosely (VU)
Development of a dynamic XML event-driven ophthalmologic data capture framework. Lead Investigator: Peggy Peissig
(Marshfield)

GWAS Consortium for QT Interval (QT-IGC). Lead Investigator: Chris Newton-Cheh (BCH)

Burden of structural variation and PheWAS. Lead Investigator: David Crosslin (GroupHealth)

Optimal management of different types of genetic information in the Electronic Medical Record. Lead Investigator: Brian
Shirts (UW)

Evaluation of phenotype representation models and authoring tools using eMERGE algorithms. Lead Investigator: Jen
Pacheco (NU)

Knowledge driven search for gene-gene interactions associated with hypothyroidism in the eMERGE network. Lead
Investigator: Molly Hall (MC/EIRH/PSU)

Gene-Gene interactions associated with BMI - Replication in the eMERGE network. Lead Investigator: Marylyn Ritchie
(MC/EIRH/PSU & CC)
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71. Discovery and replication of genetic interactions for quantitative lipid traits. Lead Investigator: Marylyn Ritchie
(MC/EIRH/PSU & CC)

72. PhenomE-wide Association Study in eMERGE Pediatric Cohorts. Lead Investigator: Bahram Namjou (CCHMC)

73. Copy Number Variation Burden Analysis on a Range of Phenotypes in the eMERGE Network. Lead Investigator: Marylyn
Ritchie (MC/EIRH/PSU & CC)

74. Establishing a Genomic Medicine Content Collection Process: Progress within the eMERGE Network. Lead Investigator:
Casey Overby (External Collaborator) & Luke Rasmussen (NU)

75. Development and Validation of an Electronic Phenotyping Algorithm for Chronic Kidney Disease. Lead Investigator: Girish
Nadkarni (Mt. Sinai)

76. Genome-wide Association Study of Serum Creatinine Levels during Vancomycin Therapy. Lead Investigator: Sara Van
Driest (VU)

77. PheKB.org: An Online Collaboration Tool for Phenotype Algorithm Development and Sharing. Lead Investigator:
Jacqueline Kirby

78. Genetic Risk Scores for Complex Diseases in the eMERGE Network: Characterization and Predicative Abilities in Clinical
Settings. Lead Investigator: Logan Dumitrescu (VU)

79. Phenotypes Seen in Cohorts with Rare Variants in Six PGRN-Seq (VIP) Genes also Identified by the ACMG as Priority
Genes for Reporting Incidental Findings. Lead Investigator: Josh Denny (VU)

80. Chromosomal Anomalies that Affect Levels of White Blood Count (WBC) and its Differential. Lead Investigator: David
Crosslin (UW)

81. Extracting the Quality of Prostate Cancer Care from Electronic Healthcare Records. Lead Investigator:

82. Big Data Needs in Clinical Genomics: Use Cases Defined by Medical Providers. Lead Investigator: Bryan Weichelt
(Marshfield)

83. Practical Approaches to the Omic Chasm. Lead Investigator: Justin Starren (NU)

84. Developing Consents for Returning Pharmacogenomics Results: The eMERGE Experience. Lead Investigator: Maureen
Smith (NU)

85. PCA Loadings. Lead Investigator: Gerard Tromp (Geisinger) and David Crosslin (UW)

86. Portable Applications for Implementing Multi-Site Clinical NLP Algorithms. Lead Investigator: David Carrell
(GroupHealth)

87. Evaluation of a Secure Multiparty Computation Protocol to Enable Genome-Phenome Meta-Analysis in the Cloud. Lead
Investigator: Wei Xie (VU)

88. Knowledge Driven Search for Gene-Gene Interactions Associated with Cataract in the eMERGE network. Lead Investigator:
Marylyn Ritchie (MC/EIRH/PSU & CC)

89. Evaluation of a Differentially Private Top-k SNP Publication Strategy. Lead Investigator: Mehmet Kuzu (External
Collaborator); Brad Malin (VU)

90. Effective Use of Electronic Health Records to Identify Venous Thromboembolism: Results from the eMERGE Network.
Lead Investigator: Jyoti Pathak (Mayo)

91. GWAS of Infection or Colonization with Community Associated Methicillin-Resistant Staphylococcus Aureus (CA-MRSA).
Lead Investigator: Abel Kho (NU)

92. A Trial of Pre-emptive Pharmacogenetic Genotyping: The PGx Project of the eMERGE Network. Lead Investigator: Laura
Rasmussen-Torvik (NU)

93. Genetic Risk Factors for Development of Diverticulitis. Lead Investigator: Abel Kho (NU)

94. Diverticulosis. Lead Investigator: Will Thompson (NU)

95. The Geographic Distribution of Colon Polyps. Lead Investigator: Will Thompson (NU)

96. Colon Polyps. Lead Investigator: Abel Kho (NU)

97. Genome-wide Association Study of Extreme Obesity Defined by Electronic Medical Record Phenotyping. Lead
Investigator: Glenn Gerhard (Geisinger)

98. A Collaborative Approach to Develop an Electronic Health Record Phenotyping Algorithm for Drug-Induced Liver Injury.
Lead Investigator: Casey Overby and Chunhua Weng (Columbia)

99. Genetic Variants Associated with Response to Heart Failure Treatment: The Electronic Medical Records and Genomics
(eMERGE) Network. Lead Investigator: Sue Bielinski (Mayo)

100. Genome Wide Association of Risk of Heart Failure: The Electronic Medical Records and Genomics (eMERGE) Network.
Lead Investigator: Sue Bielinski (Mayo)

101. Using Electronic Health Records to Identify Heart Failure Cohorts with Differentiation for Preserved and Reduced
Ejection Fraction in Primary Care and Biobank Populations. Lead Investigator: Sue Bielinski (Mayo)

102. Penetrance of Hemochromatosis (HFE) RS1799945 (H63D) and RS1800562 (C282Y) Homozygosity and Compound
Heterozygosity. Lead Investigators: Carlos Gallego (UW), Daniel Kim (UW), Josh Denny (VU), and Maureen Smith (NU)

103. Meta-Analysis of Genome-Wide Association Studies for Abdominal Aortic Aneurysms. Lead Investigator: Greg Jones
(External Collaborator) and Helena Kuivaniemi (Geisinger)
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104.
105.
106.
107.
108.

Genetic Variation that Predicts Susceptibility to Clostridium Difficile. Lead Investigator: Josh Denny (VU)

Genetic Variation that Predicts Susceptibility to Onychomycosis. Lead Investigator: David Carrell (GroupHealth)

GWAS of Venous Thromboembolism (VTE) among White Americans. Lead Investigator: John Heit (Mayo)

GWAS of Venous Thromboembolism (VTE) among African-Americans. Lead Investigator: John Heit (Mayo)

Genome-Wide Association Study of Abdominal Aortic Aneurysms with Electronic Medical Record Phenotyping. Lead
Investigators: Helena Kuivaniemi and Gerard Tromp (Geisinger)
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eMERGE Workgroup Charters

Consent, Education, Regulation, and Consultation (CERC) Workgroup

Co-Chairs: Maureen Smith & Ingrid Holm

The eMERGE II consortium supports research by existing biorepositories with linked electronic health records to
incorporate current genomic knowledge into clinical research and ongoing clinical care. In particular, this
workgroup will:

Share and compare methods for obtaining ethical consent in recruitment of participants based on
genotype

Evaluate recommendations from L. Beskow workshop on genotype driven research recruitment (in
press)

Assess the educational needs of patients and physicians in returning genomic research results
Collect existing methods of risk communication

Create a resource of the CLIA/CAP regulations for clinical investigators by linking with the relevant
experts

Establish liaisons with other new and ongoing projects, including the Return of Results Consortium,
Biobank subcommittee of the CTSAs, and others as identified, to better address the issues
associated with returning genomic research results through EHR/decision support programs

Explore the role and impact of personal utility on returning result decisions

EHRI Workgroup

Co-Chairs: Justin Starren & Marc Williams

The EMR Integration workgroup will develop eMERGE II consensus and concepts for EMR integration of genomic
information and delivery of clinical genomic decision support utilizing EMR.

1.

Delineate common and distinct approaches and challenges for EMR integration of relevant genomic
information for clinical pharmacogenomic, monogenic disorders, and common disease risk
applications.

Develop concepts and tools for clinical genomic decision support implementations in EMR.

Establish and apply features and benchmarks for clinical genomic decision support implementation
research, including data ascertainment and outcomes analysis.

Address challenges and approaches for utilization of whole genome/exome sequence-associated
information in EMR/decision support.

a) Several publications from the EHRI have outlined challenges and approaches

b) Implementation was not pursued as a network wide activity. Some eMERGE sites have
moved forward with next generation sequencing implementation with development of CDS.
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5. Establish and maintain dialog with main EMR vendors.

6. Support the use and evaluation of CDS tools in eMERGE II clinical implementation projects

Genomics Workgroup

Co-Chairs: David Crosslin & Patrick Sleiman
*  Workgroup activities for eMERGE II centered on the following topics:

* Continued guidance for the eMERGE Genomics CC
*  Quality Control and data cleaning for GWAS and other high-density arrays
* Imputation analysis/methods for GWAS

* Genotype/phenotype inventory by study site

* Genetic association study designs
* including pharmacogenomics

*  Co-Chairs: David Crosslin & Gerard Tromp

Pediatrics Workgroup

Co-Chairs: Hakon Hakonarson & John Harley

The Pediatric Workgroup was formed to provide a forum to find solutions for the scientific, public policy, ethical,
and legal issues confronting eMERGE that have a uniquely pediatric component.

Examples include the vagaries of human subject consent in pediatrics, the complexities of the return of results to
pediatrics patients and their guardians, and the phenotypes that are different from those found at adult
institutions, including pediatric-specific diseases, growth and developmental milestones. Also, coordinating
phenotypes and data collection will constitute a special opportunity for this workgroup.

The Pediatric Workgroup will strive to minimize the duplication of the work being done by the other workgroups
in eMERGE and endeavor to focus its attention on the pediatric component in instances where this will be helpful.

Phenotyping Workgroup

Co-Chairs: Josh Denny & Peggy Peissig
1) Coordinate and complete network phenotypes and support covariates for analysis
* Create, execute, validate, and share phenotype algorithms
* Coordinate and prioritize phenotype algorithms
* Develop best practices for phenotype development, sharing, validation, execution

* Facilitate privacy-preserving deposit and efficient reuse of data in dbGaP
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* Advance the science of de-identification
2) Efficient, effective, transportable phenotyping methods, structure and standards
*  Quantify portable components of algorithms and methods (in progress)
* Develop structured templates or frameworks for representation of phenotypes (in progress
* Share algorithms via open libraries that extend beyond eMERGE
* Promote beyond eMERGE - PGRN, SHARP, Beacon
3) Coordination with all eMERGE workgroups

4) Coordinate with other networks

Return of Results Workgroup

Co-Chairs: Gail Jarvik, & Iftikhar Kullo

1. Define an initial set of variants that are potentially useful in clinical practice for purposes such as
assessment of genetic risk for complex disorders or selection or dosing of drugs. This initial set will focus
on common disease risk variants and pharmacogenetic variants for which we expect to have data. We will
assess the levels of evidence supporting these variants and consider the cost and benefit of incorporating
them into patient care. To do this we will interact with the larger eMERGE Il community and other NHGRI
funded ROR initiatives.

2. Assess ways to address the dynamic nature of genetic risk, ie potential change in risk as additional
susceptibility variants are identified.

3. Periodic review of topics of interest to the group to be conducted on the monthly teleconference calls.
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The eMERGE Steering Committee & ESP Meeting was held on December 4-5, 2014 in Bethesda, MD. In order
to ensure that the Network remains productive as we continue through our final year, please find highlights
from the Steering Committee/ESP Meeting below.

Presentation slides are available here and are also linked within the meeting summary below.

Goals from the meeting include:

o Update achievements by focusing on scientific presentations
Response to ESP recommendations
Workgroup updates
Network projects update
o PGx
o CERC Survey
Products dissemination update
External collaboration update

Day 1: Full Session (Opening Remarks, Science Presentations)

e Welcome, Opening Remarks, General Updates - Rongling Li (NHGRI)
o The Steering Committee was encouraged to refine plans for the final 7 months of phase II, and to
consider effective methods of completing outstanding workgroup issues in relation to Phase II goals.
o The Steering Committee was also encouraged to refine their plans for disseminating network-wide
lessons learned and best practices in eMERGE II to the greater scientific community.

ACTION ITEM: The Steering Committee was encouraged to refine plans for the final 7 months of phase II, and
to consider effective methods of completing outstanding workgroup issues in relation to Phase II goals.

ACTION ITEM: The Steering Committee was also encouraged to refine their plans for disseminating network-
wide lessons learned and best practices in eMERGE II to the greater scientific community.

e Integrating Clinical Genomics into the EHR: Using Interface Terminology (IMO) and Interoperable Standards
(SNOMED, LOINC, FHIR) - Jennifer Pacheco (Northwestern)
o Following the presentation, the group was asked to begin thinking about collaboration opportunities

to improve clinical genomic result representation, thereby accelerating dissemination of those results.
o Groups (genomics, phenotyping, EHRI) could begin to identify opportunities as Phase Il wraps up, and
real work to address this issue could start during eMERGE III.

e Appendicitis - John Harley (CCHMC)

e New Method to Link Gene Discovery to Genomic Medicine in EHR-linked Biobanks: Uncovering Surprisingly
High Incidence of Steel Syndrome in Puerto Ricans - Eimear Kenny (Mt. Sinai)

e eMERGE PGx Plenary Session - Dan Roden (VU), Josh Denny (VU) & Laura Rasmussen-Torvik (Northwestern)
o The PGx project was discussed in depth, including a review of timelines and progress made by the

group. The group is currently on pace to complete the project by June.
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o Anupdate was provided on the network-wide variant paper (led by David Crosslin & Will Bush) and
discussed an outline and timeline.
=  PGRNseq Platform paper is also out for review.
= MACE and Clopidogrel algorithm will be circulated to the network in January.
= The paper will use data from the October 2014 SPHINX update.
= The goal is to submit paper to the American Journal of Human Genetics by Dec. 20, 2014.
o The dbGaP submission plan and timeline was reviewed.
= NHGRI urged the group to identify what data to include in the upcoming dbGaP submission,
and to ask PharmGKB for advice on additional data pieces to include.
= Sites were also encouraged to start working with PGRN sites to identify what phenotypes they
would like to see in SPHINX.
SPHINX public site is undergoing modifications, and those improvements were reviewed.
An update on CDS metrics data and collection was provided, as well as the proposed Infobutton
project timeline. The project is on schedule to be completed by July.
o Site initiated analyses were reviewed
= Bob Wildin (NHGRI) asked the group to think about how to reclassify non-pathogenic variants
when excluding symptomatic ICD-9 codes.

ACTION ITEM: The workgroup was asked to consider what data to include in the upcoming dbGaP
submission, and to work with PharmGKB on identifying other relevant data pieces.

ACTION ITEM: Sites were encouraged to work with PGRN to identify what data and phenotypes they would
like to see added in SPHINX.

ACTION ITEM: Bob Wildin (NHGRI) asked the group to consider ways of reclassifying non-pathogenic
variants when excluding symptomatic ICD-9 codes.

e Implementation of Clinical Decision Support for Pharmacogenomics - Pedro Caraballo (Mayo)

e Guest Presentation: Using ENCODE Data to Interpret Disease-associated Genetic Variation - Mike Pazin
(NHGRI)
o Dr. Pazin presented an overview of NGHRI's Encyclopedia of DNA Elements (ENCODE) as a resource

for illuminating the role of genetic variation in human diseases. The discussion highlighted ENCODE'’s
aspirational goals of cataloging all functional elements in the genome, as well as building maps that
can be used to make predictions about genome function.

o Rexrecommended that the Phenotyping and Genomics workgroups come up with a catalog of small
projects to collaborate with ENCODE on, and report back to the network with proposals on ways to
expand the collaboration network-wide.

o The revised affiliate membership document has been accepted by the network, and ENCODE will
begin moving forward with their application for membership.

e Simulation of the Clinical and Economic Impact of Preemptive, Multiplexed Pharmacogenomic Testing - Josh
Peterson (VU)
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o Using a predictive model, the costs of preemptive genotyping is offset by improved outcomes related
to CYP2C19-tailored antiplatelet therapy.

e Post Mortem Whole Genome Sequencing: A Genomic Autopsy - Murray Brilliant (Marshfield)

Day 2: Full Session (ESP Commentary, Science Presentations)

e Review of Progress of Prior ESP Recommendations - Rex Chisholm

e Optimal Display of Different Types of Genetic Information in the EHR: An eMERGE-CSER Collaboration -
Casey Overby (UMD)
o Following the overview, NHGRI and ESP members asked whether end users have been involved with
this analysis yet. As of now, eMERGE has not focused on user perception of genetic data in the EHR,
but more on where this data is being held/displayed in EHRs. Both the location and type of genetic

data being displayed were identified as focus areas moving forward.

e Initial Analysis of Whole Exome Sequence Data from 10,000 Geisinger Patients: Implications &

Opportunities - David Carey (Geisinger)
e  Workgroup Timelines and Ongoing Projects

o Inaddition to the presentations and discussions mentioned above, all eMERGE workgroups presented
updates. Further details can be found in the next section.

e ESP Closing Comments
o The ESP noted that eMERGE should attempt to publish (or at least document internally) the
differences between sites/lessons learned during Phase II.
o The panel also mentioned that in future grant phases, the network should work to identify external
funding sources (industry collaborations, philanthropy, etc.) to increase the long-term sustainability
of eMERGE research.

ACTION ITEM: The network should attempt to publish (or at least document internally) the differences
between sites/lessons learned during Phase II.

ACTION ITEM: For Phase III, the network could identify external funding sources (industry collaborations,
philanthropy, etc.) to increase the long-term sustainability of eMERGE research.

Workgroup Presentations

e CERC
o Projects
= Patient Perspectives on Broad Consent in Biobank Research in the eMERGE Network (Survey
Project)

e Current status: cognitive interviews and REDCap development complete, pilot survey
in process, survey on schedule to be distributed in 2 waves (Wave 1: Feb-Mar, Wave 2:
Apr-May)
= Mpyresults.org (designed by John Connolly, CHOP)
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o Collaborations
= Joint CERC/ROR workgroup - ongoing joint meetings
CSER ELSI Consortium - ongoing joint meetings
Infobutton Project - contributing educational content
= PGx Education Outcomes
o Publications

Pediatric Biobank Model Consent Language (Kyle Brothers) - published
e Age of Majority and Consent (Kyle Brothers) - in process
e Return of Research Results (Gail Jarvik) - published

ACTION ITEM: The ESP asked the workgroup to consider drafting at least a manuscript documenting
challenges/lessons learned for CERC Survey.

e EHRI
o Projects

Data collection related to genomic EMR CDS implementation challenges is underway

e Data submitted from all sites, first draft manuscript available by end of December
= Infobutton Project

e Preliminary analysis of content has been completed and distributed to EHRI

workgroup.

Content sharing infrastructure is currently being investigated.
= [OM Action Collaborative
= (CDS Repository

This new project will collect each site’s CDS rules and contain them on a site hosted by
the CC.

o Publications
= Conceptual Model of Omic Data - in process
=  Practical Considerations in Genomics Decision Support - in process
= EHRI-CSER White Paper - in process
e Genomics
o Projects
= eMERGE Imputation

e All adult and pediatric samples are completed (55,289 total samples)
= PGRNseq Multisample

e Halfway to the enrollment target (5,249 currently enrolled)
Null Variant Analysis - ongoing

Structural Variation Analysis — ongoing
o Collaborations

ENCODE Collaboration - ENCODE is currently completing Affiliate Membership Application
o Publications

Frontiers in Genetics Special Issue — Genetics Research in Electronic Health Records Linked to
DNA Biobanks - published

e Thisissue currently has over 27,000 online views
e Pediatrics
o Projects
= PheWAS Analysis
= Pediatric Algorithms

e Atopic Dermatitis: primary and secondary validation complete; 1,695 cases, 8,072

controls.

e ADHD: primary and secondary validation complete; more samples desired.
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= CNVs
e Future directions: currently working on Phase I data, Phase Il data will soon be used;
review of significant genes underway. PennCNV is being developed for optimizing CNV

calls.
= PGRNseq
= Rare Disease Discovery and Return of Results
e PGx
o Projects

= Network-wide Implementation: 2 sites complete.

= UW Recalling Project: recalling 5,000 BAMs using most recent human genome reference.

= Process Outcomes: currently assessing provider and patient education.

= SPHINX: public and private site updates are ongoing.

= Network phenotypes selected: Major adverse cardiac events while using Clopidogrel (adult
sites), Methylphenidate and Tacrolimus (pediatric sites).

= Lipids: aims to analyze sequence data modulations of lipid levels. Data dictionary available on
PheKB.

o Publications

= Design and Anticipated Outcomes of the eMERGE PGx Project: A Multicenter Pilot for
Preemptive Pharmacogenomics in Electronic Health Record Systems - published

= Network Variant Paper - in process

ACTION ITEM: The ESP encouraged the PGx workgroup to begin planning future directions of SPHINX.

e Phenotyping
o Projects
= Phase Il Phenotype Implementation
e (Current Status: 20 completed, 7 in progress, 3 extra completed, 6 extra in progress; 15
completed during Phase I.
= Geocoding
= Extension of PheKB to become data repository w/ validation tools
o Publications
= Desiderata for Computable Representations of Electronic Health Records-Driven Phenotype
Algorithms - in process
= Portable applications for implementing multi-site clinical NLP algorithms - in process
=  Modular phenotyping - in process
= PheKB.org: An Online Collaboration Tool for Phenotype Algorithm Development and Sharing -
in process
=  When Phenotypes Aren’t Transportable (the story of RHTN) - in process
= (Codes do not always cut it: comparison of using coded data vs. more complex algorithms in
defining accurate phenotypes - in process
= Development and Validation of an Electronic Phenotyping Algorithm for Chronic Kidney
Disease - published (AMIA 2014 Distinguished Paper Winner)
= SOEMPI: A Secure Open Enterprise Master Patient Index Software Toolkit for Private Record
Linkage - published (AMIA 2014 Distinguished Paper Nominee)
¢ Return of Results
o Projects
= (Genomic Medicine Pilots are investigating genetic risk scores, SNPs, whole-genome
sequencing, and preemptive pharmacogenetics.
o Publications
= Return of Results in the Genomic Medicine Projects of the eMERGE Network - published
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= Return of Genomic Results to Research Participants: The Floor, the Ceiling, and the Choices in
Between - published (Named in 11 Best AJHG Papers of 2012-14)

ACTION ITEM: The ESP asked the ROR workgroup to consider how to address variances of pharmacogenetic
markers.

Summary of Action Items:

1.

2.

©

The Steering Committee was encouraged to refine plans for the final 7 months of phase I, and to consider
effective methods of completing outstanding workgroup issues in relation to Phase II goals.

The Steering Committee was also encouraged to refine their plans for disseminating network-wide lessons
learned and best practices in eMERGE II to the greater scientific community.

The PGx workgroup was asked to consider what data to include in the upcoming dbGaP submission, and to
work with PharmGKB on identifying other relevant data pieces.

PGx sites were encouraged to work with PGRN to identify what data and phenotypes they would like to see
added in SPHINX.

Bob Wildin (NHGRI) asked the PGx group to consider ways of reclassifying non-pathogenic variants when
excluding symptomatic ICD-9 codes.

For Phase III, the ESP mentioned that the network could identify external funding sources (industry
collaborations, philanthropy, etc.) to increase the long-term sustainability of eMERGE research.

The ESP asked the CERC workgroup to consider drafting at least a manuscript documenting
challenges/lessons learned for the survey project.

The ESP encouraged the PGx workgroup to begin planning future directions of SPHINX.

The ESP asked the ROR workgroup to consider how to address variances of pharmacogenetic markers.

Next Meeting: March 30-31st, 2015; Bethesda, MD

evf Z]9lin
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http://www.gwas.org
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Meeting Summary
eMERGE Network External Scientific Panel

Conference Call - 5/8/2014

Attendance

ESP Attendees:

University of Alabama-Birmingham: Eta Berner; Univeristy of North Carolina: Gerardo Heiss;
Moffitt Cancer Center: Howard McLeod; University of Pittsburgh: Lisa Parker; InterMountain
Healthcare: Stan Huff

Network Attendees:

CCHMC/BCH: John Harley, Ingrid Holm, Zak Kohane; CHOP: Hakon Hakonarson, John Connolly;
Geisinger: Marc Williams, David Carey; GroupHealth/UW: Gail Jarvik, Eric Larson, David Crosslin,
Andrea Hartzler, Aaron Scrol; Marshfield /Essentia/PSU: Murray Brilliant, Marylyn Ritchie, Terrie
Kitchner; Mayo: Iftikhar Kullo; Mount Sinai: Erwin Bottinger; Northwestern: Rex Chisholm,
Maureen Smith; Vanderbilt: Dan Roden, Josh Denny; NHGRI: Rongling Li, Teri Manolio, Jackie
Odgis, Ken Wiley; CC: Melissa Basford, Paul Harris, Dana Crawford, Brandy Mapes, Lauren
Melancon, Sarah Stallings

Decisions and discussion

Opening Remarks/Welcome (Rongling Li & Howard McLeod)

Rongling welcomed the group and thanked the ESP for their service to the Network. She continued
to thank the eMERGE investigators for their hard work and progress. Rongling referenced the
eMERGE Workshop held in January 2014 and reminded the group the goal of this workshop was for
the upcoming presentation of concept clearance at the May Council meeting. Three questions were
circulated to the ESP prior to the call, these three topics reflect specific areas eMERGE investigators
would like ESP insight. Howard also thanked the ESP members and the Network sites for their
serious response to previous ESP recommendations along with great progress.

Network Overview and Response to ESP recommendations (Rex Chisholm)

An overview of past ESP recommendations and the Network’s response were presented. Highlights
included publications, including a Network citation analysis and an update on page views and
citations from the Genetics in Medicine Special Issue led by the EHRI workgroup. The Network
continues to publish a large number of papers each year, and the Phase Il publication trajectory is
strong. eMERGE has been working to better utilize their dissemination of tools and knowledge to
the broader scientific community, efforts have included: the updating and expansion of gwas.org,
added functionality to PheKB and the Record Counter, and the creation of myresults.org and
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SPHINX. The ESP asked the group if there were any industry standards that could be used to
compare eMERGE’s dissemination efforts to other NIH consortium. While no exact method was
apparent the eMERGE CC believed this may be achievable through a strategic PubMed search along
with other searchable databases. The National Center for Biomedical Ontology (NCBO) consortium
has also considered a method for comparing use of tools. The Network was encouraged to reach
out to NCBO to begin the comparison between these two groups.

Discussion of Network Workgroup Updates

EHR Implementation (Marc Williams)

Marc gave an overview of the current and proposed future EHRI efforts including:

o The Genetics in Medicine Special Issue has been well received by the community and
visibility highlights were shared. Select topics from this special issue have also been
presented at each AMIA meeting since the issue’s release.

e An infobutton project is currently underway and has focused its efforts on utilizing
infobutton standards to provide genomics education within the EMR.

e Ajoint CSER/EHRI paper is being led by the workgroup with a focus on identifying a
location for genomic results in the EMR.

e All sites are in different phases of implementation for the eMERGE PGx project as well as
local pharmacogenomic information. All groups have experienced some challenges and
delays; these challenges has created fruitful discussions among group members.

e Proposed future directions for the remainder of eMERGE Phase II and the potential eMERGE
Phase Il were shared with the ESP. The group is working to prioritize these tasks and
facilitate collaboration within eMERGE and with external groups.

The ESP noted that GH/UW was listed as on hold for implementation due to an institutional
perspective that evidence for implementation was not strong enough. Gail and Eric spoke to this
point expressing the rigorous guidelines used by their committee. Carbamazepine has already been
implemented at their site and other drug gene pairs are under review with the hope that some will
be approved. Each drug gene pair is review separately and approved on an individual basis. It was
also mentioned that GH/UW is working closely with their implementation team; this team will be
available for implementation once additional drug gene pairs are approved.

The ESP commented that even though the initial decision makers may have a high standards the
clinicians may have an even higher standard as this will no doubt change their practice.

The future directions comment: Bring clinical practice leaders into the fold to ensure CDS integrates
in their specific clinical workflow was highlighted. This may be a larger issue and the group may
want to think about how to not only engage clinical practice leaders but also decision makers who
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may or may not be scientists. This allows decision makers to have an opportunity to be fully
engaged and gain a better understanding of CDS implementation for genomic medicine.

eMERGE investigators agreed that these conversations must be bidirectional so all groups can learn
from each other. The genomic community would benefit from these discussions as it would allow
for the group to anticipate challenges and information that would be helpful for decision making
committees and in CDS.

The EHRI workgroup will work to expand this future direction bullet to extend past clinical
workflow and include decision makers.

The ESP suggested that the EHRI workgroup to reflect and publish on the various challenges
associated with CDS Implementation. This would aide other groups and also helps facilitate
bidirectional conversations. This discussion in the literature would be of great value. The EHRI
workgroup is currently collecting information from each site on their implementation challenges
and barriers that will lead the group to a lessons learned and best practices type of paper.

Pediatrics (Hakon Hakonarson & John Harley)

Hakon outlined a new initiative by the Pediatric workgroup focused on heritability using genome-
wide complex trait analysis (GCTA). This assessment will look both at social communication and
developmental traits. A similar study has been done by CHOP for autism. The pediatric workgroup
believes that GCTA can be adopted by all pediatric and adult sites and will be able to be parlayed
into any phenotype selected by the Network by using EMR longitudinal data. The group will
continue to create an action plan to move forward with heritability and plans to solicit phenotypes
from the larger eMERGE Network.

The pediatric sites are actively working to create and validate their proposed Network phenotypes.
Asthma is complete while others are in various stages of validation and development. The pediatric
sites have specifically worked to create algorithms that not only perform well at the pediatric sites
but can also be transported to adult populations. The pediatric sites are participating in as many
adult led phenotypes as possible but some phenotypes are not relevant to their population.

Future directions of the group were presented and included projects that could be achieved during
the final year of Phase Il along with Phase III proposals. In the remaining time in Phase II the
pediatric workgroup plans to use existing data to expand the current copy number variant effort.
They also plan to impute drug-gene interactions from existing GWAS data. Hakon stated that 1/10
individuals have at least one risk allele and it can be of great importance to return these loss of
function variants to patients. Phase III efforts may be expanded by utilizing a low cost custom chip
to add to the number of pediatric samples currently available for analysis. These additional
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samples would allow for additional pediatric activities within the Network along with additional
pediatric publication opportunities.

The ESP had no comments at this time for the Pediatric workgroup.

General Discussion and Recommendations from the ESP

The group reviewed the three specific questions posed to the ESP.

* For the items that are listed to be accomplished by the workgroups during the current eMERGE
funding cycle, what are the projects to which you would give the highest priority? Are there
specific items or projects that require additional information or clarification?

* The ESP noted multiple areas for focus:
* Continued development of tools and processes
* Collaborations between workgroups
* Implementation and practice
*  Of these three the ESP felt implementation and practice was of the highest priority

* The eMERGE Network continues to disseminate tools and knowledge through publications,
presentations, and online media. What other mechanisms can eMERGE use to further
disseminate eMERGE knowledge and tools (specific examples)? Or is the Network casting a
broad enough net at present?

» The ESP felt the Network was going a good job disseminating tools and knowledge and
offered no additional suggestions for improvement.

* Beyond current network collaborations, are there other consortia or individuals who eMERGE
should look to for guidance or potential partnerships?

* Many sites have mentioned collaborations with outside groups such as PCORI and CTSA but the
ESP could like to see these collaborations become more of a Network effort.

* eMERGE commented that some workgroups such as EHRI and CERC are doing this well but the
Network will continue to pursue additional Network wide collaborations.

42



ez}
%)
a)

Meeting Summary
eMERGE Network - ESP Teleconference
Executive Session - 5/8/2014

Eta Berner (UAB) NHGRI Rongling Li
Gerardo Heiss (UNC) Teri Manolio
Stan Huff (Intermountain Healthcare) Jackie Odgis
Howard McLEod (UNC, Chair) Ken Wiley

Lisa Parker (Pittsburgh)

The External Scientific Panel (ESP) met with members of NHGRI staff in Executive Session after the
ESP teleconference on May 8, 2014.

The ESP was impressed by the scope of activity and pleased with productivity numbers.
The ESP noted that the Coordinating Center seems motivated to find uses for their software.
Visibility among the broader informatics community has increased tremendously; eMERGE
has generated more interest by improving its dissemination of information about the
network, its mission and progress.

The group agreed that adult sites are working together well, but ESP raised concerns that
the pediatric sites seem isolated. To encourage interactions, the ESP members
recommended that the Pediatric WG develop some specific projects for pediatric sites and
possibly adult sites to collaborate. Pediatric groups should also identify any special
challenges they have faced in working together and in sharing data between other groups,
pediatric and adult,to develop more efficient methods of analyzing data for joint projects.
All sites operate under a network-wide data sharing and consent agreement, so this should
not deter collaboration efforts.

The ESP suggested that the wording of the future directions listed by each working group be
made more consistent. The priorities of these tasks should reflect the views of the network
as a whole.

With regard to future directions on discovery vs. implementation, although these two
entities are not entirely opposed, implementation was identified as a higher priority.
eMERGE would be in a unique position to address implementation, particularly in using
data as part of CDS. If the focus is on implementation, then it might be possible to
determine where more work needs to be done on the level of discovery as well as
determine which discoveries would be more feasible to implement and which would be
more appealing to policymakers.

ESP Recommendations

43



1)
2)
3)

4)
5)

6)

The Network should continue to disseminate its products and best practices to the broader
scientific community to increase visibility.

Pediatric sites need to work together to take advantage of this network, such as data
sharing, and network project development.

The Pediatric Workgroup should identify and document the challenges preventing
collaboration between pediatric sites.

The Pediatric Workgroup should design specific, multi-site projects on which to collaborate.
Future directions stated by all workgroups should have wording that is consistent and
reflects the priorities of the network as a whole.

The Network should consider having more of a focus on implementation in the future.
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