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NHGRI defines genomic medicine as “an emerging 
medical discipline that involves using genomic 
information about an individual as part of their 
clinical care and the health outcomes and policy 
implications of that clinical use.”



Genomic Medicine Colloquium Report
June 2011, Chicago, IL

Genet Med 2012; 15:258-67.

• Much more than anticipated
• Largely in isolation
• Common barriers



GM VI: Global Leaders, Jan 2014

Genomic Medicine Colloquium, June 2011 GM II: Forming Collaborations, Dec 2011

GM III: Stakeholders, May 2012

GM IV: Physician Education, Jan 2013GM V: Federal Strategies, May 2013

GM VIII: NHGRI’s Genomic Medicine 
Programs, June 2015

GM VII: Genomic CDS, Oct 2014 GM IX: Bedside Back to Bench, 
April  2016



NHGRI’s Genomic Medicine Research Program
Program Goal Σ$M Years

UDN1 Diagnose rare and new diseases by expanding
NIH’s Undiagnosed Diseases Program 121 FY13-17

NSIGHT2 Explore possible uses of genomic sequence 
information in the newborn period 25 FY13-17

CSER3 Explore infrastructure, methods, and issues for 
integrating genomic sequence into clinical care 83 FY12-16

eMERGE4
Use biorepositories with EMRs for genomics; (III)
assess penetrance of 106 clinically relevant genes 
in 25,000 individuals, develop e-phenotypes, CDS

135 FY07-18

IGNITE3 Develop and disseminate methods for incorporating 
patients’ genomic findings into their clinical care 28 FY13-17

ClinGen4 Develop and disseminate consensus information on 
genes and variants relevant to clinical care 28 FY13-16

1NIH Common Fund; 2Co-Funded by NICHD; 3Co-Funded by NCI; 4Co-Funded by OD.



Emphasis Areas of Genomic Medicine Programs

Variant Curation

Estimating Penetrance

Establishing Clinical Utility

Primary High Medium Low

Dissemination and Clinical 
Decision Support

Clinical Evaluation and Deep 
Phenotyping

Prenatal, Newborn and 
Pediatric Care

UDN                 CSER2               IGNITE ClinGenNSIGHT eMERGE





Undiagnosed Diseases Network (UDN)



Newborn Sequencing in Genomic Medicine 
and Public Health (NSIGHT) Program

• Robert Green, Alan Beggs, Brigham  
NICU and healthy newborns, 240 exomes, NBS 
vs. NBS + genomic NBS

• Stephen Kingsmore, Children’s Mercy Hospital 
NICU, 1000 genomes, NBS vs NBS + sequencing

• Jennifer Puck, UCSF
1620 exomes, added 
value to NBS program 

• Cynthia Powell, UNC   
400 exomes including 200 
unselected infants;  
consented in pregnancy



Clinical Sequencing Exploratory Research 
(CSER)

• Investigate challenges in applying sequence 
data to clinical care, including:
⁻ Implementing clinical workflow
⁻ Interpreting and translating data for 

clinicians
⁻ Communicating findings to patients

• Develop best practices for WGS/WES
• Further develop evidence                          

base for implementation



CSER Projects
Site Disease/Condition

Baylor* Pediatric Cancer

Brigham Healthy Pts, Hypertrophic Cardiomyopathy

CHOP Pediatric Diseases (Intellectual Disability)  

Dana-Farber Solid Tumors

Hudson-Alpha Children with Intellectual Dysfunction

Kaiser Portland Preconception Carrier Screening

U Michigan* Adults and Children with Advanced Cancer

U N Carolina  Cardiomyopathy, Cancer 

U Washington* CRC and Polyposis
*Co-funded by NCI.



GWAS Discovery
Electronic Phenotyping

Consent Methodology

Community Consultation

Data Privacy
Pediatrics

Pharmacogenomics

Clinician/Pt Education Decision Support

Electronic Medical Records and Genomics 
(eMERGE) Network – Phase III



eMERGE III Goal and Aims
Continue genomic medicine discovery and imple-
mentation research utilizing large biorepositories
linked to EMRs 
• Identify rare variants with presumed major impact 

on function of ~100 clinically relevant genes
• Assess phenotypic implications of variants by 

leveraging well-validated EMR data or re-contact
• With appropriate consent and education, report  

actionable variants to pts, (families), clinicians
• Assess impact to pts, clinicians, and institutions 

on pt outcomes and cost of care   



Implementing Genomics Into Clinical 
Practice (IGNITE) Network 

 Expand and link existing genomic medicine 
efforts

 Develop new collaborative projects and 
methods, in diverse settings and populations

 Contribute to evidence base regarding 
outcomes of incorporating genomic information 
into clinical care 

 Define and share processes of genomic 
medicine implementation, diffusion, and 
sustainability

www.ignite-genomics.org



IGNITE Principal Site*
New sites

*
Baltimore Veterans 

Affairs Medical Center 
(BVAMC)

*

*

Middle Tennessee Research 
Institute (MTRI) at 
Nashville Veterans Affairs 
Medical Center

*
*

*

Duke University – Geoffrey Ginsburg, M.D., Ph.D
(Family History)

Mount Sinai School of Medicine – Erwin Bottinger, 
M.D. (Hypertension and CKD)

University of Florida – Julie Johnson, Ph.D.
(Pharmacogenomics)

Vanderbilt University – Joshua Denny, M.D.
(Pharmacogenomics)

University of Maryland – Toni Pollin, Ph.D. (Diabetes)

Indiana University – David Flockhart, M.D., Ph.D.
(Pharmacogenomics)

National Human Genome Research Institute

Weitzel K et al., BMC Med Genom 2016; 9:1. 



Clinical Genome Resource 
(ClinGen)

Improving our knowledge of genomic 
variation requires a massive effort in 

data sharing and collaborative curation

16Courtesy Erin Ramos, NHGRI



ClinGen: Purpose and Goals
Create centralized resource of clinically annotated 
genes and variants to improve understanding of 
genomic variation and optimize its use in medicine.
• Standardize clinical assessment of variants and 

deposition into ClinVar
• Develop a consensus process for identifying 

clinically relevant variants
• Curate genes and variants within multiple domains
• Develop machine learning algorithms to improve 

accuracy and throughput for interpretation
• Disseminate and explore integration with EHRs
• Grants awarded mid-Sept 2013

17
Courtesy E. Ramos, NHGRI



Clinical Actionability

18

1. Severity

2. Likelihood of disease

3. Efficacy of intervention

4. Nature of intervention

5. Level of Evidence

• Develop clear and robust criteria to guide 
decisions regarding actionable secondary findings:

Genet Med. 2016 Apr 28 (epub ahead of print).
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Spectrum of Genomic Medicine 
Implementation: Intensity vs. Breadth
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Gene-Disease Validity 
Classification*

Courtesy Erin Ramos, NHGRI



High Yield of Whole Genome Sequencing in 
Critically Ill Infants

• 35 infants < 4mo age in NICU/PICU
• 26 hour sequencing, infant + parents
• 20 (57%) diagnosed with sequencing, 

3 (9%) with standard genetics
• 65% of diagnoses had immediate 

impact on clinical management
Willig L et al., Lanc Resp Hlth 2015; 3:377-87.



 203 middle-aged adults at intermediate risk

 Randomized to receive 10-yr CHD risk 
estimates from clinical risk alone (CRS) or 
clinical risk + genetic risk (+GRS)

 Compared LDL-C at 6 mos

 Any differences due to diet, activity, statins

Kullo I et al., Circulation. 2016;133:1181-88.
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LDL-C Lowering in Patients Given Clinical and 
Genomic Risk Information
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Kullo I et al., Circulation. 2016;133:1181-88.

“…Disclosure of CHD risk estimates that incorporated genetic 
risk information led to lower LDL-C levels than disclosure of 
CHD risk based on conventional risk factors alone.”

Low GRS

High GRS

CRS

+GRS



Exome Sequencing and Targeted Therapy

J Neurol 2014; 261:622-24.
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