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Genome 
Report
• Generated for all MedSeq 

subjects in the WGS arm

• One page result summary
• Monogenic Disease Risk
• Carrier Risk
• Pharmacogenomic 

Associations
• Blood Groups

• Detailed information for 
each section provided on 
later pages



The Genome Report
(continued)



Reported findings from analysis of 
variants in ~7000 genes

Mendelian
Disease Risk 

SFs

Carrier 
Status 

SFs

Diagnostic 
Findings in 

the 
Cardiology 

Cohort

# of patients 
21/100
(21%)*

92/100
(92%)

24/50
(48%)

Mean reported
variants per patient

.21 2.3 0.54

Range of reported 
variants per patient

0-1 0-7 0-2

*1/90 (1%) by ACMG list



3-5 million 
variants

per
genome

≥10% in 
WGS 
Cases

HGMD ClinVar <5%

Novel
LOF

Medical 
exome

<1%

Gene 
exclusions

Variant 
exclusions
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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

Primary filters Curated Exclusion Datasets

A B C

MedSeq Genome and BabySeq Exome 
Filtering Approach for Monogenic Disease Variants

Pathogenic

Likely Pathogenic

VUS-Favor Pathogenic

Other

Not reported

82% not 
reported

(VUS/LB/B/FPs)

Reported 
variants: 18%

Acknowledgements: Kalotina Machini, Ozge Birsoy, Matt Lebo

0-7 variants reported/patient (MedSeq)
0-2 variants reported/patient (BabySeq)

13%

Manual 
review 

>1500  genes curated 
for BabySeq

C
5%

A
69%

B
13%



Reported Disease Risk Findings
Gene Variant Disease Classification Inheritance Notes

ELN c.1150+1G>A Supravalvular aortic stenosis Pathogenic AD

LHX4 c.452-2A>C Combined pituitary hormone deficiency Pathogenic AD

PPOX p.Leu67X Variegate porphyria Pathogenic AD

RDH5 p.Trp95X Fundus albipunctatus Pathogenic AR Homozygous

HFE p.Cys282Tyr Hereditary hemochromatosis Pathogenic AR 3 biallelic cases

CHEK2 c.1100del CHEK2-related cancer risk Pathogenic AD

F5 p.Arg534Gln Factor V Leiden thrombophilia Risk allele Multi-factorial 3 cases

ANK2 p.Glu1458Gly Ankyrin-B related cardiac arrhythmia Likely pathogenic AD

EYA4 c.1739-1G>A Postlingual hearing loss Likely Pathogenic AD

KCNQ1* p.Ser276ProfsX13 Romano-Ward syndrome Likely Pathogenic AD

SQSTM1 p.Pro392Leu Paget disease of the bone Likely Pathogenic AD 2 cases

COL2A1 p.Thr1439Met Spondyloepiphyseal dysplasia congenita Likely Pathogenic AD

APP p.Ala713Thr Alzheimer’s disease, late onset VUS - Favor Pathogenic AD

ARSE p.Gly137Ala Chondrodysplasia punctata VUS – Favor Pathogenic XL

PDE11A p.Thr58ProfsX41
Primary pigmented micronodular 

adrenocortical disease
VUS – Favor Pathogenic AD

TNNT2* p.Arg278Cys Hypertrophic cardiomyopathy VUS – Favor Pathogenic AD



To improve our knowledge of DNA 
variation 

and consistency in variant 
classification 

will require a massive effort in

data sharing



11% (12,895/118,169) of variants 

have ≥2 submitters in ClinVar

17% (2229/12,895) 

are interpreted differently  

ClinVar Variant Interpretation Comparisons

NEJM May 27th, 2015











http://www.genome.gov/10002335

?



Will FDA oversight improve the 
standards for genetic testing?



The genomic community needs to 
come together and develop its own 

standards to ensure safe and 
effective use of genetic and 

genomic medicine.





The Clinical Genome Resource

Rehm et al. ClinGen - The Clinical Genome Resource. N Engl J Med 2015; 372:2235-2242

Purpose: Create authoritative central resource that defines the clinical 
relevance of genes and variants for use in precision medicine and research.

www.clinicalgenome.org >400 people from >90 institutions
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Aggregating Variant Interpretations in ClinVar

Variant-level Data

ClinVar

Linked Databases

Researchers Clinics Patients

Sharing Clinical 
Reports Project

Genome Connect and 
Free-the-Data

Patient Registries

Clinical 
Labs

Unpublished 
or 

Literature 
Citations

InSiGHT

CFTR2OMIM

Expert 
Groups

482 ClinVar submitters
179,845 variants submitted
126,247 unique interpreted variants

BIC

PharmGKB

ClinVar as of March 21, 2016



ClinVar Variant View



variantexplorer.org Justin Aronson, Steven Harrison, Larry Babb, Sandy Aronson

Significance 
Name

Pathogenic
Likely 

pathogenic
Uncertain 

significance
Likely benign Benign

Pathogenic 985 779 130 166

Likely 
pathogenic

389 40 38

Uncertain 
significance

1296 1062

Likely benign 2878

Benign

1.2% (1542/126,247) 

of ClinVar has 

medically significant 

differences in 

interpretation



variantexplorer.org Justin Aronson, Steven Harrison, Larry Babb, Sandy Aronson, Heidi Rehm

Other submitters

LM
M

Laboratory A Laboratory B



www.acmg.net
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Population
Data

Computational 
And Predictive 
Data

Segregation 
Data

Other 
Database

Prevalence in 
affecteds statistically 
increased over 
controls PS4

MAF is too high for 
disorder BA1/BS1 OR 
observation in controls 
inconsistent with  
disease penetrance BS2

Predicted null 
variant in a gene 
where LOF is a 
known 
mechanism of 
disease
PVS1

De novo (paternity & 
maternity confirmed)
PS2

Well-established 
functional studies 
show a deleterious 
effect PS3

Novel missense change 
at an amino acid residue 
where a different 
pathogenic missense 
change has been seen 
before PM5

Multiple lines of 
computational 
evidence support a 
deleterious effect 
on the gene /gene 
product PP3

De novo (without 
paternity & maternity 
confirmed) PM6

Non-segregation 
with disease BS4

Patient’s phenotype or 
FH highly specific for  
gene PP4

For recessive disorders, 
detected in trans with 
a pathogenic variant 
PM3

Found in case with an 
alternate cause BP5

Multiple lines of 
computational evidence 
suggest no impact BP4

Missense when only 
truncating cause disease BP1

Silent variant with non 
predicted splice impact BP7

In-frame indels in repeat 
w/out known function BP3 

Well-established 
functional studies show 
no deleterious effect 
BS3

Mutational hot spot
or well-studied 
functional domain 
without benign 
variation PM1 

Same amino acid 
change as an 
established 
pathogenic variant 
PS1

Protein length changing 
variant PM4

Observed in trans with 
a dominant variant BP2

Functional 
Data

Co-segregation with 
disease in multiple 
affected family 
members PP1

De novo 
Data

Allelic Data

Absent  in population 
databases PM2

Strong

Observed in cis with a 
pathogenic variant BP2

Reputable source w/out
shared data = benign BP6

Strong Very StrongModerateSupporting Supporting

Reputable source
= pathogenic PP5

Missense in gene with 
low rate of benign 
missense variants and 
path. missenses 
common PP2

Other Data

Benign Pathogenic

Increased segregation data



Monogenic disease terms
Pathogenic
Likely pathogenic
Uncertain significance (VUS)
Likely benign
Benign



CSER Variant Bakeoff #2

9 sites, 11 variants submitted by each site = 99 variants total 

9 variants evaluated by all 9 sites and 90 variants by 3 sites

Sites applied both their own rules and the ACMG rules

Sites: Baylor, DFCI, NIH, Hudson-Alpha, BWH, UNC, Kaiser, NextMed/UW, CHOP

0

50

100

150

200

250

300

Same LB vs. B P vs. LP VUS vs. LB VUS vs. B LP vs. VUS P vs. VUS LP vs. LB LP vs. B P vs. LB P vs. B

79% intra-lab concordance 
using ACMG vs Lab rules

Between lab concordance: 
5 level (3 level)

34% (60%)



GLA (NM_000169.2):c.639+919G>A; Fabry disease

PP5 –
Reputable 
source = 
pathogenic

No – only use 
if evidence not 
available and 
likely novel

Site Lab Rules ACMG Rules PVS1 PS3 PS4 PM4 PP1 PP5 PP3 BP4

Site 1 Pathogenic Pathogenic ? X X M

Site 2 Pathogenic Uncertain Significance X X X X X

Site 3 Pathogenic Likely Pathogenic X X X

PP3, BP4 –
Multiple lines of 
computational 
evidence

No (All programs 
must be 
consistent)

PM4 - Protein length 
changing variant

No, only applicable for 
in-frame deletions, not 
a splice variant that 
leads to a frameshift

PVS1 _ Null variant

Yes, but reduce rule 
strength to “strong” 
due to minor 
retention of wt
transcript

PS3 – Fx studies

Yes, α-gal testing 
well-established

PS4 – Case>controls

Yes, at least 1 publication 
with a statistically sig p 
value. Other papers show 
statistical increase though 
one must calculate manually

PP1 – Segregation

Yes, one site increased to 
“moderate” due to 3 segregations



DNAH5 c.7468_7488del (p.Trp2490_Leu2496del) Primary ciliary dyskinesia
Site ACMG Rules Lab Rules

Site 1 Uncertain Significance Uncertain Significance

Site 2 Uncertain Significance Uncertain Significance

Site 3 Uncertain Significance Likely Pathogenic

Site 4 Uncertain Significance Likely Pathogenic

Site 5 Likely Pathogenic Uncertain Significance

Site 6 Likely Pathogenic Likely Pathogenic

Site 7 Likely Pathogenic Likely Pathogenic

Site 8 Likely Pathogenic Likely Pathogenic

Site 9 Likely Pathogenic Likely Pathogenic

Consensus Likely Pathogenic

PS1 PM2 PM3 PM4 PP3 PP4 PP5

X X ? X

X X

X X

P X X

X P  X X

X X X X

X X X

X X X X

X X X X

X X X Mixed

PM3 - Detected in trans with a pathogenic variant

PM2 – Absent from pop db

PM4 - Protein length changing variant

ACMG rules:
3 moderate = Likely Pathogenic

* * *

While initial application of the ACMG/AMP rules did 
not improve concordance, the rules provided a useful 
framework to resolve differences in classification



CSER Variant Bakeoff Consensus Efforts

• Between lab concordance: 34% (60%)

• Concordance after discussion and evidence sharing:    70% (85%)

5 level (3 level)

0

10

20

30

40

50

60

70

80

90

100

Same LB vs. B P vs. LP VUS vs. LB VUS vs. B LP vs. VUS P vs. VUS LP vs. LB LP vs. B P vs. LB P vs. B

15% confidence 
differences

24% of differences should not
affect medical management

5% of differences may affect 
medical management
(P/LP vs. VUS/LB/B)

9% differences 
impact ROR 



Comparison of ClinVar Submitted Variants Across Four Labs: 
Ambry, GeneDx, Partners LMM, Univ. Chicago – 49,734 unique variants

Steven Harrison, Jill Dolinsky, Lisa Vincent, Amy Knight Johnson, Danielle Azzariti, 
Tina Pesaran, Elizabeth Chao, Soma Das, Sherri Bale, Heidi Rehm 

Submitted by
# shared 

variants

# Agreed

(%)

# VUS vs. 

LB/B 

differences

# P/LP vs. 

VUS/LB/B 

differences

Lab 1 / Lab 2 2318 2035  (88%) 125  (5%) 158  (7%)

Lab 3 / Lab 1 2312 2068  (89%) 200  (9%) 44  (2%)

Lab 1 / Lab 4 1256 1086  (86%) 160  (13%) 10  (1%)

Lab 4 / Lab 2 513 478  (93%) 30  (6%) 5  (1%)

Lab 3 / Lab 4 86 77  (90%) 9  (10%) 0

Lab 3 / Lab 2 65 62  (95%) 2  (3%) 1  (2%)

All 4 Labs 6169 5445 (88%) 508 (8%) 216 (4%)

5645 (92%) 398 (6%) 126 (2%)86% (200/232) 

resolved





Lessons Learned

• The majority of differences in variant classification are 
resolvable through consensus and data sharing

• Variant classification often requires professional judgment 
(even when using the same rules) and therefore complete 
consensus may not occur 

• But all evidence must be accessible and rules should be 
applied correctly

• The ACMG/AMP rules would benefit from added 
quantitative guidance as well as gene/disease specific 
guidance 



Population
Data

Computational 
And Predictive 
Data

Segregation 
Data

Other 
Database

Prevalence in 
affecteds statistically 
increased over 
controls PS4

MAF frequency is too 
high for disorder BSI OR 
observation in controls 
inconsistent with  
disease penetrance BS2

Truncating variant 
in a gene where 
LOF is a known 
mechanism of 
disease
PVS1

De novo (paternity & 
maternity confirmed)
PS2

Well-established 
functional studies 
show a deleterious 
effect PS3

Novel missense change 
at an amino acid residue 
where a different 
pathogenic missense 
change has been seen 
before PM5

Multiple lines of 
computational 
evidence support a 
deleterious effect 
on the gene /gene 
product PP3

De novo (without 
paternity & maternity 
confirmed) PM6

Non-segregation 
with disease BS4

Patient’s phenotype or 
FH highly specific for  
gene PP4

For recessive 
disorders, detected 
in trans with a 
pathogenic variant 
PM3

Found in case with 
an alternate cause 
BP5

Missense in gene 
where only 
truncating cause 
disease BP1

Multiple lines of 
computational 
evidence suggest no 
impact on gene 
/gene product BP4

Well-established 
functional studies show 
no deleterious effect 
BS3

Located in a 
mutational hot spot
and/or known 
functional domain 
PM1 

In-frame indels in a 
repetitive region 
without a known 
function BP3

Same amino acid 
change as an 
established 
pathogenic variant 
PS1

In-frame indels in a 
non-repeat region or 
stop-loss variants PM4

Observed in trans with 
a dominant variant BP2

Functional 
Data

Co-segregation with 
disease in multiple 
affected family 
members PP1

De novo 
Data

Allelic Data

Absent  in 1000G and 
ESP PM2

Strong

Observed in cis with a 
pathogenic variant BP2

Reputable source
= benign BP6

Strong Very StrongModerateSupporting Supporting

Reputable source
= pathogenic PP5

Missense in gene with 
low rate of benign 
missense variants and 
path. missenses 
common PP2

Other Data

Benign Pathogenic

Increased segregation data

Quantifiable
Need tool/resource



ClinGen Sequence Variant 
Interpretation Work Group

(Co-Chairs Les Beisecker and Marc Greenblat)

Interlab Seq Var 
Discrepancy 
Resolution
Task Team

Noonan 
Spectrum 

Expert Panel

Developmental 
Delay Expert 

Panel

Hereditary 
Cancer 

Expert Panels
Others…….

Cardiomyopathy 
Expert Panel

Metabolic 
Disease Expert 

Panel

ACMG/AMP 
Rules

Gene and disease-specific ACMG/AMP rule specification 
(frequency thresholds, acceptable functional assays, etc)

Short term: Refine and clarify current ACMG/AMP criteria
Medium term: Modify ACMG/AMP criteria
Long term: Move to quantitative Bayesian framework



Optimization and Utilization of ACMG Variant Classification 

Criteria for the RASopathies: A ClinGen Initiative
Lisa M. Vincent ,Heather Mason-Suares, Rong Mao, Mitchell W. Dillon, Brad Williams, Patroula Smpokou,  Karen W. Gripp, Katherine A. Rauen, 

Amy E. Roberts, Bruce D. Gelb, and Sherri Bale



ClinGen Variant Curation Tool

Courtesy Selina Dwight



Curated
Variants

ClinVar

Variants

Gene and Variant Curation Interfaces

Case-level 
data store Machine-learning algorithms

Data 
resources

ClinGenKB

Supporting a Curation Environment 

for both Crowd-Sourcing and Expert Consensus 

ClinGen Clinical WGs 
& Expert Panels

Outside Expert 
Panels

Discrepancy 
Resolution

Primary 
Curators

Convene experts and 
implement methods for gene 

and variant curation

Resolve variant 
interpretation 
differences in 

ClinVar

Enable rule-guided 
variant interpretation 
and export (to user 
and ClinVar)



The Global Alliance will:

• Convene stakeholders

• Catalyze responsible data sharing

• Create harmonized approaches

• Act as a clearinghouse

• Foster innovation

• Support demonstration projects to 

implement standards

41

GA4GH Overview

Host institutions
• Broad Institute of MIT and Harvard
• Ontario Institute for Cancer Research
• Wellcome Trust Sanger Institute 

388

38



Organizational structure

42

789

103  
:

148  
:

64  312 59  53  50

Last Update: June 4th 2015
7.5 professional staff

Strategic 
Advisory 

Board

Executive 
Committee



BRCA Challenge Steering Committee

43

Sir John Burn, Newcastle University (United Kingdom) – Co-Chair

Stephen Chanock, National Cancer Institute (United States) – Co-Chair

Antonis Antoniou, University of Cambridge (United Kingdom)

Larry Brody, National Human Genome Research Institute (United States)

Robert Cook-Deegan, Duke University (United States)

Fergus Couch, Mayo Clinic (United States)

Johan den Dunnen, Leiden University Medical Center (Netherlands)

Susan Domchek, University of Pennsylvania (United States)

Douglas Easton, University of Cambridge (United Kingdom)

William Foulkes, McGill University (Canada)

Judy Garber, Dana Farber Cancer Institute (United States)

David Golgar, Huntsman Cancer Center (United States)

Kazuto Kato, Osaka University (Japan)

Baroness Delyth Morgan, Breast Cancer Now (United Kingdom)

Robert Nussbaum, Invitae (United States)

Ken Offit, Memorial Sloan Kettering Cancer Center (United States)

Sharon Plon, Baylor College of Medicine (United States)

Nazneen Rahman, Institute of Cancer Research (United Kingdom)

Gunnar Rätsch, Memorial Sloan Kettering Cancer Center (United States)

Heidi Rehm, Harvard Medical School (United States)

Mark Robson, Memorial Sloan Kettering Cancer Center (United States)

Wendy Rubinstein, National Institute of Health (United States)

Amanda Spurdle, QIMR Berghofer Medical Research Institute (Australia)

Dominique Stoppa-Lyonnet, Curie Institute (France)

Sean Tavtigian, University of Utah (United States) Underline denotes leadership 

on a subgroup

Coordination:

Rachel Liao
Broad Institute



Goals of the Challenge

To improve the care of patients at risk of breast and ovarian cancer 
using global data sharing and collaboration in the analysis of BRCA1
and BRCA2

1. Share BRCA1 and BRCA2 variants publically via a web portal

• Includes an environment for collaborative variant curation with access to 
evidence (e.g. phenotypes, family history, genetic data, and functional 
studies)

• Displays a curated list of BRCA variants, interpreted by expert consensus, 
to enable, without dictating, accurate clinical care

2. Address the social, ethical, and legal challenges to global data 
sharing

3. Create a model for all disease genes



Distinct databases contain non-overlapping content

# BRCA Variants

EXPERT PANELS

ENIGMA 1030

CLINICAL LABS

InVitae 4829

Ambry Genetics 2794

Sharing Clinical Reports Project 2146

GeneDx 1222

Counsyl 272

Children's Hospital of Eastern Ontario 257

University of Washington Medical Center 69

Pathway Genomics 86

Emory University 204

Medical University Innsbruck 44

International Standard Cytogenetic Arrays Cons. 37

Strand Life Sciences 2

University of Chicago 7

ARUP 3

Children's Hospital of Philadelphia 20

Oregon Health and Sciences University 1

RESEARCH & LSDBs

Breast Cancer Information Core (BIC) 3776

Inova Health System 132

ClinSeq Project, NHGRI 89

Shahid Beheshti University of Medical Sciences 17

Ain Shams University 6

Samuel's Laboratory - NHGRI/NIH 0

Leeds Institute of Molecular Medicine 0

King Faisal Specialist Hospital and Research Ctr 3

Shiraz Institute for Cancer Research 1

Curoverse 6

Novartis Institutes for BioMedical Research 3

Aggregate Databases

Online Mendelian Inheritance in Man (OMIM) 78

GeneReviews 4

# of unique BRCA1/2 variants in ClinVar 8478

ClinVar: 8478

LOVD: >3675

BRCA Share/UMD: 4838



brcaexchange.org
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Next Steps for Release 3
BRCA Exchange for Research (v2)

Purpose: To support variant classification by aggregating relevant 
public and controlled access data AND serve as a data exchange 
hub to receive and distribute data submissions

Details:
● Requires authentication, rights management & controlled 

access protocols to properly handle case-level evidence
● Solicits case-level data submissions directly to a BRCA Exchange 

database from academic and commercial sources
● Provides workflows for variant curation by registered experts
● Provides additional analysis tools for case-level data
● Includes publicly available variant data in v1



Variant Classifications in ClinVar BRCA1/2

Benign / Likely benign 1696

Uncertain significance 2804

Pathogenic / Likely pathogenic 2426

Not provided 997

Conflicting interpretations 555 (6%)

Total unique variants 8478

BRCA1/2 variants in ClinVar

2/26/2016

Conflicting Interpretation Types 

in ClinVar
BRCA1/2

Uncertain significance vs 

Benign/Likely Benign
483 (87%)

Pathogenic/Likely pathogenic vs 

Uncertain significance
72 (13%)

Benign / 
Likely benign 

20%

Uncertain 
significance 

33%

Pathogenic / 
Likely 

pathogenic 
29%

Not provided 
12%

Conflicting 
interpretations 

6%



Expert Panel

Single Submitter – Criteria Provided

Single Submitter – No Criteria Provided 

Multi-Source Consistency

Practice 

Guideline

No stars

No Assertion Not applicable

Review Levels in ClinVar

ACMG, CPIC

CFTR2, InSiGHT, 
PharmGKB, ENIGMA



ClinVar Variant View



ClinGen 
Disease 
Areas

Existing 
Expert 
Panels

ClinGen
Expert Panels

Gene 
Curation 
Projects

Variant 
Curation 
Projects

ClinVar 
Submissions

Cardiovascular 
Disease

1. Cardiomyopathy
2. Channelopathy
3. Aortopathy
4. FH

1. Cardiomyopathy
2. Channelopathy
3. Aortopathy

MYH7 FH groups

Hereditary Cancer ENIGMA/BRCA 
Challenge
InSiGHT

1. Breast cancer
2. GI polyposis
3. Paraganglioma

PTEN

Inborn Errors of 
Metabolism

PKU, MCAD, VLCAD Nenad Blau BioPKU

Pharmacogenetics CPIC
PharmGKB

PharmGKB

Rasopathies Rasopathies 9 genes (BRAF, HRAS, KRAS, 

MAP2K1, MAP2K2, PTPN11, 
RAF1, SHOC2, SOS1)

Many

Developmental 
Delay

In development 8 genes (ARX, CDKL5, 

MECP2, UBE3A, FOXG1, MEF2C, 
SLC9A6, TCF4) 

Many

Congenital 
Muscular Dystrophy

In development 12 genes (COL6A1, 

COL6A2, COL6A3, FKRP, FKTN, 
ITGA7, LAMA2, LARGE, SEPN1, 
POMGNT1, POMT1, POMT2)

>32 submitters

Malignant 
hyperthermia

Malignant 
hyperthermia

RYR1

Somatic Cancer Initially focusing on standards development

Pediatric Neurology

Hearing loss In development Hearing loss and 
related syndromes

In development



VCGS

SINGAPORE

INDIA/BANGALORE

BRAZIL

ICELAND

HARVARD/LMM

OHIO STATE

STANFORD

GREAT BRITAIN

CENTENARY

NETHERLANDS

ITALY

TORONTO

AORT

Cardiomyopathy Expert Panel

Courtesy Birgit Funke

http://upload.wikimedia.org/wikipedia/en/7/72/World_Map_WSF.svg.png
http://upload.wikimedia.org/wikipedia/en/7/72/World_Map_WSF.svg.png


PS1
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PM5
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PP1

PVS
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PM1 

PM3 

PP4
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PS4 

PM2 

PM6 

PP2

PM7
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BP5
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BS1 

BS4 

BP2 

BS3 

BP4 

BP7 0

1

2

3

4

5
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7

8

9
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General
Adjustments

Disease/Gene
Specific

No changes Not
Applicable

Added Removed

Benign Pathogenic

PS2 
PM4 
PP1

PS2 
PS4 
PM2 
PM6 
PP2

BA1 
BS1 
BS4 
BP2 

PVS1 
PM1 
PM3 
PP4

BS2 
BP1 
BP3 
BP5

PS1
PS3
PM5
PP3 

BS3 
BP4 
BP7 PM7

PP5 

BP6 

SUMMARY ACMG RULE ADJUSTMENTS

Supporting: 
Reputable source 
reports variant as 
pathogenic 
 never trust any 
assertion w/o 
evidence

Strong: De novo 
(maternity and paternity 
confirmed) in a patient 
with the disease and no 
family history 
 General adjustment: 
Require only paternity
testing

Very strong: Null variant in a 
gene where loss of function 
(LOF) is a known mechanism of 
disease  does not apply

Courtesy Birgit Funke



HCM: CLINICALLY OFFERED GENE PANELS

98 “other” genes
• 17 offered by ≥5 labs
• 68 offered by 1 lab

GTR  search for “Hypertrophic cardiomyopathy” (Jan 2016):  45 labs (14 shown)

Sarcomere 
(MYBPC3, MYH7, MYL2, TNN13, TNNT2, TPM1)

Other syndromic (rasopathy)
(PTPN11, RAF1)

Other 

Storage cardiomyopathy
(LAMP2, PRKAG2, GLA, TTR)

• All labs offer key genes
• 2 do not include all storage
• <50% include rasopathy

Courtesy Birgit Funke



The two axes of implication

Gene-level evidence

V
ar

ia
n

t-
le

ve
l e

vi
d

en
ce

VUS in a GUS
VUS in CFTR

Phe508del in CFTRcan’t exist

Modified from Daniel MacArthur



ClinGen Gene-Disease Validity Classification

http://www.clinicalgenome.org/knowledge-curation/gene-curation/



Application of ClinGen 
Gene-Disease Evidence Rules

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Pheo/Para
(19 Genes)

Hearing Loss
(91 Genes)

BabySeq
(1504 Genes)

Definitive

Strong

Moderate

Limited/Disputed



Proposed Gene Inclusion for Clinical Tests

Definitive evidence

Strong evidence

Moderate evidence

Limited/Disputed/No evidence Exome/Genome

Predictive Tests & SFs

Diagnostic 

Panels

Many ClinGen Clinical Domain WGs are initially 
focused on Gene Curation

Define genes appropriate for clinical testing and genes where additional evidence is needed



Limited
131
(9%)

Disputed
1 (0.1%)

Definitive
509 (34%)

Strong
519 (35%)

Moderate
344 (23%)

The 
BabySeq Project

• Curating ~4000 monogenic disease-
associated genes

• 1566 genes curated so far

• 906/1566 met criteria for return 
(highly penetrant, childhood onset or 
treatable with strong or definitive 
evidence for gene’s cause for disease

Ozge Birsoy

Well babies NICU babies

Leadership: 
Robert Green & Alan Beggs
Pankaj Agrawal, Ingrid Holm, 

Amy McGuire, Richard 
Parad, Peter Park, 

Heidi Rehm, Tim Yu



Matchmaker Needed!

Patient #1
Clinical Geneticist #1

Patient #2
Clinical Geneticist #2

Genotypic Data
Gene A
Gene B
Gene C
Gene D
Gene E
Gene F

Phenotypic 
Data

Feature 1
Feature 2
Feature 3
Feature 4
Feature 5

Genotypic
Data

Gene D
Gene G
Gene H

Phenotypic 
Data 

Feature 1
Feature 3
Feature 4
Feature 5 
Feature 6

Genomic
Matchmaker

Notification
of

Match

Courtesy of Joel Krier



Matchmaker Exchange
Collaboration and Support from GA4GH and IRDiRC

Philippakis et al. The Matchmaker 
Exchange: A Platform for Rare Disease 
Gene Discovery. Hum Mutat. 
2015;36(10):915-21.
Buske et al. The Matchmaker Exchange 
API: automating patient matching 
through the exchange of structured 
phenotypic and genotypic profiles. 
Hum Mutat. 2015;36(10):922-7

Needs span multiple GA4GH 
workgroups

• Data Work Group (data 
format and interfaces)

• Regulatory and Ethics 
(patient consent)

• Security (patient privacy 
and user authentication)



The Matchmaker Exchange: A Platform for Rare Disease Gene Discovery

The Matchmaker Exchange API: automating patient matching through the exchange of 
structured phenotypic and genotypic profiles
GeneMatcher: A Matching Tool for Connecting Investigators with an Interest in the Same 
Gene
PhenomeCentral: a Portal for Phenotypic and Genotypic Matchmaking of Patients with Rare 
Genetic Diseases
Facilitating collaboration in rare genetic disorders through effective matchmaking in 
DECIPHER

Innovative genomic collaboration using the GENESIS (GEM.app) platform

Cafe Variome: general-purpose software for making genotype-phenotype data discoverable in 
restricted or open access contexts

Participant-led matchmaking

GenomeConnect: matchmaking between patients, clinical laboratories and researchers to 
improve genomic knowledge

Use of Model Organism and Disease Databases to Support Matchmaking for Human Disease 
Gene Discovery

Data sharing in the Undiagnosed Disease Network

The Genomic Birthday Paradox: How Much is Enough?

Quantifying and mitigating false-positive disease associations in rare disease matchmaking

Type II collagenopathy due to a novel variant (p.Gly207Arg) manifesting as a phenotype 
similar to progressive pseudorheumatoid dysplasia and spondyloepiphyseal dysplasia, 
Stanescu type

GeneMatcher aids in the identification of a new malformation syndrome with intellectual 
disability, unique facial dysmorphisms, and skeletal and connective tissue caused by de novo 
variants in HNRNPK

Matching two independent cohorts validates DPH1 as a gene responsible for autosomal 
recessive intellectual disability with short stature, craniofacial and ectodermal anomalies

Human Mutation Special Issue



Matchmaker 
Exchange

Gene 
Matcher

DECIPHER

RD

Connect

ClinGen 
Genome 
Connect

GENESIS

Monarch

Broad 
Institute

RDAP

Phenome 
Central

Connected and Soon to be Connected Matchmakers

Patient 
initiated
matching

Model organisms
(mouse, zebrafish), 
Orphanet, ClinVar, OMIM)

Live





Centralized Database
Everyone submits 

data to a single 
central database 

Federated Network
All databases

connected through 
multiple APIs

Examples:
ClinVar, 

dbGaP, EGA

Example:
Matchmaker 

Exchange

Centralized Hub
APIs connect each 

database to a 
central hub

Example:
Many commercial 

platforms

Connecting Data in the Big Data World



GeneInsight

VariantWire®

GeneInsight 

Lab #3

GeneInsight 

Lab #1

GeneInsight 

Lab #7

GeneInsight 

Lab #5

Clinically validated, de-

identified, and approved data

Read-only viewing with ability 

to validate and import

GeneInsight 

Lab #2

GeneInsight 

Lab #4

GeneInsight 

Lab #6

Shared Values #

Labs 7

Interpreted Variants 32,401

Genes 546

Diseases 235



6868

A. Alberta Children’s Hospita (Calgary, AB)

B. Atlantic Cancer Research Institute (Moncton, NB)*

C. British Columbia Cancer Agency (Vancouver BC)

D. Children’s & Women’s Health Centre of BC (Vancouver BC)*

E. Children’s Hospital of Eastern Ontario (Ottawa ON)

F. Credit Valley Hospital, Trillium Health Centre (Mississauga ON)

G. Dept of Medical Genetics, University of Alberta (Edmonton, AB)

H. Hamilton Health Sciences, McMaster University (Hamilton, ON)

I. Impact Genetics Inc. (Bowmanville, ON)*

J. Izaak Walton Killam Health Centre (Halifax, NS)*

K. Kingston General Hospital, Queen’s University (Kingston, ON)

L. Laboratory for Molecular Medicine (Cambridge, MA)

M. McGill University Health Complex (Montréal, QC)

N. Memorial Health University Medical Center (St. John’s, NL)*

O. Mount Sinai Hospital, University of Toronto (Toronto, ON)

P. Mt. Sinai Genetic Testing Laboratory (New York City, NY)

Q. North York General Hospital (Toronto ON)

R. Ontario Institute of Cancer Research (OICR) (Toronto, ON)

S. Regional Health Authority, University of Manitoba (Winnipeg, MB)

T. Sainte-Justine Hospital, University of Montreal (Montréal, QC)*

U. SickKids Hospital and McLaughlin Centre (Toronto, ON)

V. University Hospital, Western University (London, ON)*

W.Women’s College Hospital, University of Toronto (Toronto, ON)

X. Jewish General Hospital, Montreal (Montréal, QC)* 

COGR & VariantWire SiteVariantWire-only SiteCOGR-only Site

*Pending variant upload



Broad data sharing is becoming 
increasingly common and enabling 

increasing success in genomics. 

But will everyone participate?



Stakeholder Roles to Support Data Sharing

• Research organizations: Work with journals to require data 
submission (variant interpretations at a minimum) to public 
databases as a requirement for publication

• Lab accreditation organizations: Require submission of variant 
interpretations at quality control for lab accreditation

• Hospitals, clinics and providers: Order tests from labs that share 
variant interpretations 

• Insurers: Require variant interpretation submission for test 
reimbursement

• FDA: Consider tests from labs that do not share interpretations 
(and/or use proprietary algorithms not subject to peer review) to be 
considered higher risk and therefore subject to FDA test approval



Thank You!

Curating the Clinical Genome
Conference

Wellcome Genome Campus, Hinxton
June 22-24, 2016

https://registration.hinxton.wellcome.ac.uk/events/item.aspx?e=581


