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What is the Genomes2People Research Program?

Bringing genomics into evidence-based patient care…
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The PeopleSeq Consortium Team, National Human 
Genome Research Institute Grant R01 HG009922 

Population  Sequencing (Framingham/Jackson) Study Team, 
National Heart Lung and Blood Institute Grant R01 HL143295  

Genomes2People creates virtual teams for each funded project
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Mentoring trainees at every level

High school 
students

College 
students

Graduate and 
Medical school 
students

Postdoctoral 
Physicians and 
Scientists

35 trainees hosted from 2019 - 2020
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REVEAL
PGen

MedSeq

PopSeq
PeopleSeq

MilSeq

BabySeq MGB Biobank / eMERGE III/IV

Verily Project Baseline

AllofUs Research Program

G2P Research Portfolio
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Committed to promoting diversity in genomic medicine

First to offer WGS to African American 
and Hispanic newborns

First to offer subsidized elective 
sequencing to health adults

First to return genomic research results to 
African Americans in Jackson Heart Study



The MedSeq Project : 

…the world’s first pilot randomized 
trial of comprehensive genome 

sequencing in healthy individuals 
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The MedSeq Project: A randomized controlled trial of WGS and 
comprehensive interpretation

Vassy et al. Trials, 2014; Roberts et al. Genet Med, 2018; Vassy et al. Ann Intern Med, 2017; Vassy et al. JGIM, 2018; Krier et al. Dialogues Clin Neurosci 2016 

Physician reviews family history information and discloses results from Genome Report 
Results added to patient’s electronic medical record

Medical Record Review

Primary care physicians and their healthy middle-aged patients

Family
History Review

Family History Review 
+ 

Genome Report
Patient and 
physician 
outcomes
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All variants
≥10% in 

WGS Cases

ClinVar >5%

Medical 
exome

>1%

Gene 
exclusions

Variant 
exclusions

~2
0

0
-3

0
0

  
va

ri
an

ts

Data Set A  ≥ 10% MAF WGS Cases
 Excludes common technical FPs
 Common indels wrong nomenclature
 Exceptions FV, HFE, SERPINA1

Data Set B - Gene Exclusions
• Evidence for gene-disease association

= none, limited, or disputed
• Non medically relevant phenotype

Data Set C - Variant Exclusions
• Benign interpretation
• LOF but LOF not disease mechanism
• GWAS or PGx association only

Original filters Curated Exclusion Datasets

A B C

71

31

11

2

611
Pathogenic

Likely Pathogenic

VUS-Favor Pathogenic

Other

Not reported

Not reported variants: 82%
• VUS, Likely Benign, Benign
• False positive variants

Reported 
variants: 18%

C
5%

Assessed
13%

A
69%

B
13%

HGMD

Novel
LOF

<60 
variants

20-40 
variants

10-30 
variants

McLaughlin et al, BMC Med Genetics, 2014

Standardizing variant interpretation
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The MedSeq Project: Building a one page report for PCPs

Vassy et al, Trials, 2014; McLaughlin et al, BMC Med Genetics, 2014

Returned Results
- Monogenic Risk
- Polygenic Risk
- Carrier Variants
- Pharmacogenomic 

Variants
- Blood Types

Additional InformationAdditional Information
Structured Variant Data Disease/Inheritance

Variant Evidence Supporting References
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Whole Genome Sequencing 
Patients (n=100)

80%
NO MDR 

FOUND

20%
MDR 
FOUND

Gene Condition
Phenotypic 

evidence
EYA4 Postlingual hearing loss; AD Yes

PPOX Variegate porphyria; AD Yes

RDH5 Fundus albipunctatus; AR Yes

HFE Hereditary hemochromatosis; AR Yes

APP Alzheimer’s disease, late-onset; AD Family history

ELN Supravalvular aortic stenosis; AD No

CHEK2 CHEK2-related cancer risk; AD No

SQSTM1 Paget disease of the bone; AD No

F5 Factor V Leiden thrombophilia; AD No

LHX4 Combined pituitary hormone deficiency; AD No

ANK2 Ankyrin-B related cardiac arrythmia; AD No

COL2A1 Spondyloepiphyseal dysplasia congenita; AD No

KCNQ1 Romano-Ward syndrome; AD No

TTN2 Hypertrophic cardiomyopathy; AD No

ARSE Chondrodysplasia punctate; XL No

F5 Factor V Leiden thrombophilia; AD No

The MedSeq Project: Unanticipated monogenic findings

Vassy et al Ann Int Med, 2017; Christensen et al, Genet Med, 2018
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0 2 4 6 8 10 12 14 16 18

P01

P05

P10

P11

P13

P14

P16

P17

P19

Number of Disclosures

Medium Risk Error Low Risk Error No Errors
No High 

Risk Errors!
(4 disclosures) (26 disclosures) (64 disclosures)

The MedSeq Project: PCPs make no serious communication errors 
discussing genomic information 

Vassy et al., JGIM 2018
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MDR: Mean $2,526
No MDR: Mean $1,198

The MedSeq Project: 6-month healthcare spending

Christensen et al., GIM 2018



The BabySeq Project

“…whether you like it or not, a complete 
sequencing of newborns is not far away”
Francis Collins, 2012
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The BabySeq Project: A controlled trial of WES and 
comprehensive interpretation

Study MDs/GCs disclose results to parents
Results sent to pediatricians and neonatologists caring for newborn

Medical Record Review

Healthy newborns and their pediatricians

Standard of Care NBS &
Family History

Standard Care NBS & 
Family History

+ 

Newborn WES Report

Infant, 
Parent, 

and 
Physician 
Outcomes

Holm IA, et al.. The BabySeq project: implementing genomic sequencing in newborns. BMC Pediatr. 2018 Jul 
9;18(1):225. doi: 10.1186/s12887-018-1200-1. PMID: 29986673; PMCID: PMC6038274.
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Curating the BabySeq Gene List 

Ceyhan-Birsoy et al. Genetics in Medicine, 2017.

Gene-disease validity (n=1,514)

Genes with strong and definitive evidence (n=1,023)

Age of onset Penetrance

Genes with highly penetrant, 
childhood onset disease 
(i.e. Duchenne muscular 

dystrophy, n=884)  

Genes with high 
actionability 

(i.e. cancer predisposition 
syndromes, n=70)

954 genes meet BabySeq
reporting criteria
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Recruitment uptake and demographics

Genetti, C.A., et al,. Genet Med 2019

0% 10% 20% 30% 40% 50% 60%

Other

Return of Results

Not Interested/ Uncomfortable with GS

Privacy and Discrimination

Overwhelmed

Study Design/ Logistics

No Reason Obtained

Not Interested in ResearchReasons parents 
declined participation

Race and Ethnicity 
of enrolled parents

More than one race
2%

Other
3%

Black or African 
American

3%

Asian
9%

Missing
7%

White
76%

Hispanic or 
Latino

6%

Missing
12%

Non-
Hispanic

82%
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Gene Condition
Phenotypic 

evidence

ANKRD11 KBG syndrome; AD Yes

BTD Biotinidase deficiency; AR Yes

ELN Supravalvular aortic stenosis; AD Yes

GLMN Glomuvenous malformations; AD Yes

KCNQ4 Non-syndromic hearing loss; AD Family history

SLC7A9 Cystinuria; AR Family history

TTN (4) Dilated cardiomyopathy; AD Family history (2/4)

BRCA2 (2) Hereditary  breast and ovarian cancer; AD Family history

MSH2 Lynch syndrome; AD Family history

MYBPC3 Hypertrophic cardiomyopathy; AD No

VCL Dilated cardiomyopathy; AD No

CD46 Atypical hemolytic-uremic syndrome; AD No

CYP21A
Congenital adrenal hyperplasia due to 21-
hydroxylase deficiency; AR

No

G6PD
Glucose-6-phosphate dehydrogenase 
deficiency; XL

No

Whole Exome Sequencing Infants 
(N=159)

89%
NO MDR 

FOUND

11%
MDR 
FOUND

Unanticipated Monogenic Findings

Ceyhan-Birsoy et al. Am J Hum Genet, 2019.
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566 recessive genes 

reported in BabySeq  

301 genes included 

on largest commercial 
screening 

panels 

47% of reported variants 

would have been missed by 
commercial “expanded 
screening” panels 

VanNoy et al. Pediatrics, 2018.

2 genes tested in 
standard prenatal care

Comparison with Conventional Carrier Screening

99% of reported variants 

would have been missed by 
routine care

88% of infants had at least 1 PV/LPV for a recessive carrier condition
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No Increased Depression/Anxiety, Self-Blame, 
or Relationship Dysfunction

Pereira et al. in submission.
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Parental self-blame

GAD-7 Cutoff

(novel measure, no validated cutoff)



© 2020 Genomes2People

No Increase in Health Care Spending

$100,000

$10,000

$1,000

$100

$10

$1
nGs

(n=111)

Control
(n=103)

Median $549 $350

Well Newborns

Christensen et al., in preparation. 
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Modeling Lifetime Benefits and Costs 
(slide courtesy Kurt Christensen)

Newborn

M+

M-

D+

D-

Presents 
Clinically

Survive

Die (background)

Localized

Regional/ 
Distant

Survive

Die

Survive

Die

Late Effect

No Late Effect

Disease-Specific

Background

Late Effect

No Late Effect

Cancer-Specific

Background

Current projection: 
$230K/life year

1
Future projection: 
$101K/life year

2

Christensen et al., in preparation. 
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Inherited Cancer Disorders

Hereditary Breast and Ovarian Cancer

Li-Fraumeni Syndrome

Peutz-Jeghers Syndrome

Lynch Syndrome

Familial adenomatous polyposis

Von Hippel Lindau syndrome

Retinoblastoma

WT1-related Wilms tumor

Neurofibromatosis type 2

Tuberous Sclerosis Complex

Multiple Endocrine Neoplasia Type 1

Multiple Endocrine Neoplasia Type 2

Familial Medullary Thyroid Cancer (FMTC)

PTEN Hamartoma Tumor Syndrome

Polyposis/Juvenile polyposis; Colorectal adenomas; FAP

Hereditary Paraganglioma-Pheochromocytoma Syndrome

Cardiac Disorders

EDS - vascular type

Hypertrophic cardiomyopathy

Dilated cardiomyopathy

Catecholaminergic polymorphic ventricular tachycardia

Arrhythmogenic right ventricular cardiomyopathy

Romano-Ward Long QT Syndromes, Brugada Syndrome 

Marfan Syndrome, Loeys-Dietz, Familial Thoracic Aortic Aneurysms 

Other:Wilson Disease, OTC, Malignant hyperthermia susceptibility, Familial hypercholesterolemia



Returning genomic 
results in the Mass 

General Brigham 
Biobank

… piloting genomic screening 
for actionable conditions in 

research biobank
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MGB Biobank gRoR Protocol 

ACMG59

result identified

Phone call with GC to 

discuss result 

category & option to 

confirm

Resample and 

confirmatory (CLIA)

testing

In-person disclosure

by specialist or 

participant’s own MD

Results entered into 

electronic medical 

record

Letter to participant: 
“research result… that may 

be important to your 

health”

Opt-Out

Genotyping with 

MEGA Chip

Gene sequencing

Blout, Machini, Shah et al, in preparation
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36,419 participants

Genotyped with MEGAChip

2500 – targeted sequencing

13K – Whole exome

253 (57.7%)

Reached by phone

144 (56.8)

Results Returned

58 (22.4%)

Opted out

104(24.0 %) 

Variant already in 

EHR

30(7.2%) 

Deceased

6(.7%)

Contacting

2 (.5%)

Not yet contacted 

Biobank
Tracker 

42(10.0%) 

Lost to f/u

27 (10.0%)

Passive Opt Out
(Lost to follow-up after 

pre-test counseling)

21 (9.1%)

In Process

3 (1.6%)

On hold 

28

Ineligible for RoR
Contacted for RoR and not returned
In progress
Returned

437 Participants with results

342 – genotype(0.94)

70 – targeted sequencing (2.8%) 

25 – Whole exome (TBD)
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47%

19%

29%

5%

Sequencing

Cancer Cholesterol Cardiac Other

Cancer #

APC 7

BRCA1 49

BRCA2 68

MLH1 2

RET 1

TP53 3

MUTYH 1

MSH6 1

SDHB 1

SDHC 4

VHL 4

Cardiac #

FBN1 2

KCNQ1 15

MYBPC3 14

MYH7 11

MYL3 3

LMNA 1

SCN5A 8

GLA 1

PKP2 5

TNNI3 5

TNNT2 1

Cholesterol #

APOB 17

LDLR 19

Other #

RYR1 11

Cancer #

APC 3

BRCA1 6

BRCA2 5

MSH2 2

MSH6 2

MUTYH 1

PTEN 1

PMS2 5

RET 1

SDHD 1

TP53 1

VHL 3

Cardiac #

FBN1 4

GLA 1

KCNQ1 3

MYBPC3 3

SCN5A 2

MYL3 1

MYH7 2

LMNA 2

PKP2 1

SMAD3 1

TNNI3 1

Cholesterol #

APOB 1

LDLR 10

Other #

RYR1 2

TSC1 1

58%

14%

23%

5%

MEGA Chip

Blout, Machini, Shah et al, in press
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Blout, Machini, Shah et al, in preparation

Over half of the MGB biobank participants with genetic cancer risk had not been 
tested, and half of those met current expert criteria for genetic testing

Variant 
noted 
in EHR

45%

Variant 
not 

noted 
in EHR

55%

How many with variant 
were already in the EHR? 

n = 170

Did not meet 
NCCN criteria…

Deceased
12%

Not reachable
19%

Met NCCN 
criteria

48%

Of those who did not know they carried a cancer risk variant, 
how many met NCCN criteria for genetic testing?

n=94

EHR status



Implementing 
polygenic risk scores

…combining thousands of low-
effect variants to stratify risk for 

common disease 
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Polygenic Risk Scores
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Reported prevalence of high-risk polygenic scores

Frampton et al, 2016; Khera et al, 2018; Mahajan et al, 2018
Schmit et al, 2018; Schumacher et al, 2018; Seibert et al, 2018

OR ≥ 2.5
20%

Coronary Artery Disease

OR ≥ 2.5
20%

Atrial Fibrillation

OR ≥ 2.5
10%

Type 2 Diabetes

OR ≥ 2.5
4%

Colorectal Cancer

OR ≥ 2.5
5%

Breast Cancer

OR ≥ 2.5
10%

Prostate Cancer

50.2% 
of men have a high-risk polygenic score 
for at least 1 of these 5 conditions, and 

49.8% do not

47.5%
of women have a high-risk polygenic 
score for at least 1 of these 5 conditions, 
and 52.5% do not
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Randomized Trial of PRS Scores
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eMERGE IV sites
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The number of people carrying variants for monogenic diseases depends 
upon how many genes are analyzed

Criterion
Number of 

Genes
% w Pathogenic Variants in High 

Impact Dominant Conditions

“CDC Tier 1” 10 1-2%

ACMG59 (15 cancer only) 15 1.2%

ACMG59 59 2-3%

Invitae Health Screen 147 6.2%

MedSeq/BabySeq/MilSeq ~ 5000 15-21%§



© 2020 Genomes2People

Results in healthy adults and infants from MedSeq/BabySeq/MilSeq
Projects + polygenic risk estimates

with 
recessive 
mutations

with 
atypical 
responses 
to meds

with 
dominant 
mutations

With elevated 
polygenic risk 
in at least one 
condition

91% 80% 15% 50%

Christensen et al GIM, 2018; Vassy et al Annals 2017; Ceyhan-Birsoy et al. AJHG, 2019; Frampton et al, 2016; 
Khera et al, 2018; Mahajan et al, 2018; Schmit et al, 2018; Schumacher et al, 2018; Seibert et al, 2018
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Population screening debate intensifies

• Diagnosis of 
unsuspected genetic 
disease

• Risk stratification for 
surveillance and 
prevention

• Knowledge and 
personal utility

• Rare conditions with low 
prior probability could 
identify many at-risk 
who do not manifest the 
condition

• Unproven value: clinical 
utility and cost-
effectiveness

• Inadequate expertise in 
the medical workforce



Brigham Preventive Genomics Clinic – Now available for telemedicine
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Video stories: People who benefited from preventive genomics

Full videos here

https://www.dropbox.com/s/ylwzo1ru7lp5s3m/Genomics Patient Videos.pptx?dl=0
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Precision

Population

Health



Pl

Thank You!

@robertcgreen
@genomes2people

rcgreen@bwh.harvard.edu

genomes2people.org

@genomes2people

Please contact me for confidential details 
on obtaining genome sequencing for 
yourself or your family members. 


