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Challenges for the Clinical Implementation of WES/WGS 

• Sequencing technologies are changing rapidly 

• Computational requirements are unprecedented  

• Result confirmation with orthogonal methods:  Sanger, 

independent NGS platform, genotyping, MLPA, FISH, CMA 

• WES/WGS vs. Disease Panels: WES/WGS have reduced 

analytic performance  

• Return secondary findings 

• Updating results over time 

• Human variation is enormous and rare; phenotype and 

genotype data sharing will be critical 

  

 



ACMG Policy Statement on Genomic Sequencing 

Indications for Testing 

Diagnostic:  

       No tests available, prior tests negative, testing likely to be lengthy/costly/low yield 

Screening:  

       Preconception but not prenatal or newborn; healthy if high threshold for results return 

  

Pre‐test Considerations 

Counseling and consent 

Secondary findings 

Clinical vs. research (VUSs -> research) 

  

Clinical Testing and Results Reporting 

CLIA labs with boarded geneticists 

Test results can include: known genes, novel genes, secondary findings 

Labs should have policies on the return of secondary findings and be given the option to 

not receive secondary findings 

Clinical geneticist involved in results return 

Labs should share genotypic data from WGS/WES in public databases  

ACMG Workgroups 

Secondary Findings (Co-Chairs: Robert Green and Les Biesecker) 

NGS/WES/WGS Laboratory Standards (Co-Chairs: Heidi Rehm and Pinar Bayrak-Toydemir) 



One size does not fit all for WES/WGS Analysis 

Sporadic disorders: Sequence parents/child trio and examine de novo 

variants (1-2 per exome, ~175/genome) 
Nachman MW, Crowell SL (2000) Estimate of the mutation rate per nucleotide in humans. Genetics 156(1): 297–304. 

 

Recessive disorders: Examine genes with biallelic mutations (prioritize 

those with truncating variants) 

 Power increased with multiple sibs 
 

Consanguineous families: Search for homozygous rare variants 
 

Dominant disorders: Examine multiple distantly affected family 

members and select for shared variants 

 Can perform linkage to identify candidate genomic regions to 

analyze 
 

Cancer: Compare somatic and germline results 
Identify variants sporadically occurring in tumor 

 

 



Approaches to improve WES and WGS Data 

Supplement WGS with WES 

• Improves coverage of exonic sequences for 

which data analysis is primarily targeted 

 

Supplement WES with Clinical Exome 

• Improves analysis of genes with known 

association to disease 

 

Analyze genome/exome with multiple technologies 

• Some errors are platform-specific 



Supplemental and Confirmatory Testing  by Sanger 

DNA 

PCR 

Hundreds of assays per sample 

Sequencing 

Hundreds of bases per exon 

Failed exons/bases 

• For targeted tests, missing data is added by Sanger 

• Even for WES/WGS there may be critical content that must 

be covered 

• Adding custom design of confirmatory assays from 

WES/WGS is a significant added challenge 
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NVA Type

NVA with no dbSNP/ESP data or publications

NVA with dbSNP/ESP data only

NVA with publications

Average Time to Assess a Variant 

NVA includes: 

 Searches (Google, PubMed, Variant Databases) 

 Assessment of data from literature and databases 

 In silico assessments (PolyPhen, alignments, splicing, etc) 

 Segregation studies with family members 

 Evidence-based classification 
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HCM Gene Mutations – 3000 cases tested 

>500 clinically significant mutations identified 

 
66% of clinically significant mutations are seen in 

only one family 

 

Number of probands 

N
u

m
b

e
r 

o
f 
v
a

ri
a

n
ts

 

MYBPC3 
E258K 

MYBPC3 MYH7 
R502W W792fs R663H 



0 

50 

100 

150 

200 

250 

300 

350 

400 

450 

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71 73 75 77 79 81 83 85 87 89 91 

Hearing Loss Gene Mutations – 2000 Cases Tested 
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81% (423/523) of clinically significant variants have been seen in only one family 

46% (423/910) of hearing loss gene variation is unique 



Variant Data Problem 

dbSNP contains lots of data but is mostly un-annotated 

 

Most annotated publically available variant data comes 

from initial research studies with small control 

populations.  
• 27% (122 of 460) of literature-cited disease mutations were judged to be 

common polymorphisms, sequencing errors or had a lack of evidence of 

pathogenicity. (Bell et al., 2011) 

 

Subsequent data sits in the clinical labs and is not well 

published or available. 
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ClinVar 

 

 

 

 

 

 

 

 

Curated Data Uncurated Data 

Clinical Grade Variant Database 

Aim 1 

Aim 2 

Aim 3 
Expert  

Curation 

QC 

Facilitate access to the resource by the community 

Engagement, Education, and Access Workgroup 

Creation of a Universal Human Genomic Mutation Database 
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The ISCA Consortium 

• Established in 2007 

• Over 160 institutional members worldwide 

• Over 1,200 registered individual members 

• The ISCA Consortium database now includes CNV 
data on ~30,000 postnatal clinical cases 

 



Laboratories HCM Noonan HCrC Metabolism DevDelay CMD PTEN ZEB2 Other Cases

Ackerman Lab, Mayo 1000 (LongQT) 1000

Alfred I Dupont Hospital for Children 488 138 626

All Children's Hospital St. Petersburg TBD TBD

ARUP 121 TBD 500 670 179 3800 5270

Athena Diagnostics TBD TBD

Baylor Medical Genetic Laboratories TBD 17000 17000

Boston University TBD TBD TBD

Children's Hospital Boston TBD TBD

Children's Hospital of Philadelphia 623 8 631

Children's Mercy Hospital, Kansas City, MO TBD 100 604 704

Cincinnati Children's Hospital 538 538

City of Hope Molecular Diagnostic Laboratory TBD TBD

CureCMD 475 475

Detriot Medical Center TBD TBD

Emory University 395 195 700 253 255 80 8283 10161

Fullerton Genetics Laboratory TBD TBD TBD

GeneDx 2018 2300 727 400 4023 TBD 9468

Genomic Medicine Institute, Cleveland Clinic TBD TBD

Greenwood Genetics 695 220 275 1190

Henry Ford Hospital 27 27

InSiGHT 25000 25000

LabCorp/Correlagen 1000 TBD TBD 5500 6500

Mayo Clinic 9000 1450 945 11395

Mt. Sinai School of Medicine 193 193

Nationwide Children's Hospital 475 TBD 475

Nemours Biomolecular Core, Jefferson Medical College 348 348

Oregon Health Sciences University TBD TBD

Partners Laboratory for Molecular Medicine 3900 2426 10 53117 59453

Quest Diagnostics TBD TBD TBD TBD

Transgenomics 1000 1000

University of Chicago 3215 46 5904 9165

University of Nebraska Medical Center 124 TBD 124

University of Oklahoma 107 107

University of Sydney 720 720

Women and Children's Hospital 100 100

Wayne State University School of Medicine TBD TBD

Cases Per Disease Area 8918 7672 34205 3242 23911 728 4732 234 77208 160850

Laboratories Who Have Agreed to Share Data for U41 Grant 



No Effective Methods  

to Update Providers when  

New Knowledge is 

Discovered New Knowledge 

Is Learned 

Laboratory 

Sends Result 

Provider Receives 

Paper Report 

How do we update reported variant knowledge? 

ACMG 2007 Guidelines: The testing laboratory…should 

make an effort to contact physicians of previously tested 

patients in the event that new information changes the 

initial clinical interpretation of their sequence variant. 
 



Variant Classification Changes – HCM Data 

Likely Benign 

Benign 

Likely Pathogenic 

Pathogenic 

Unknown Significance 
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~300 category changes over 5 year (~4% of reports/yr) 

1 

Aronson SJ, Clark EH, Varugheese M, Baxter S, Babb LJ, Rehm HL. Communicating new 

knowledge on previously reported genetic variants. Genetics in Medicine. Pub. online Apr. 2012. 

 



GeneInsight ClinicSM Interface 

Registered with FDA as a Class I Exempt Medical Device  



Updated Variant Information 

Data in this slide should not be used for any clinical purpose. 



RISGIM Study (Refining IT Support for Genetics in Medicine) 

 Software Usability Assessment 

Completion 

Rate (n=7) 

Average 

Grade (n=7) 

Error-Free 

Rate (n=7) 

Task 1 – GIC Report Alert – locate patient with new report   

CRITICAL TASK 
100% A- 100% 

Task 2 – View Test Report and ‘Mark Reviewed’ 
100% A-  100% 

Task 3 – GIC Variant Alert – locate patient(s) with variant update 

 CRITICAL TASK 
100% A- 100% 

Task 4 – Locate unreviewed alert and change in variant interpretation  

CRITICAL TASK 
85.7% A/A- 71.4% 

Task 5 – Locate overall report interpretation 
100% A- 71.4% 

Task 6 – Locate number of reports and families with variant tested at lab 
14.3% B+ * 14.3% 

Task 7 – Locate evidence for variant update 
100% A 100% 

Task 8 – Mark variant reviewed 
57.1% A * 57.1% 

Task 9 – Locate all of a patient’s variants.  Locate reviewed variants info. 
57.1% B+ 42.9% 

Task 10 – Locate variant history for reviewed variant 
85.7% B+/B 57.1% 

Task 11 – Conduct patient search by variant   
85.7% B 71.4% 

Task 12 – Conduct a search for patients with unreviewed information 
85.7% B+/B 85.7% 

Task 13 – Locate alert on an benign/likely benign variant  

LOW PRIORITY TASK 
14.3% A/A- 14.3% 

Task 14 – Review GIC Alert Summary Email 
100% B 100% 

PI: David Bates     NIH – NLM  1RC1LM010526-01 

 



Adapting GeneInsight Clinic for Genomic Medicine 

• As reports scale in content, alerting process will adapt to clinical 

decision support paradigms 

• Up-to-date data is available when physician looks at a patient record 

• Genetic data is accessed in real-time  using CDS rules as needed 

(drug dosing, etc) 

• We may use infrastructure for clinical trial notification 
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GeneInsight Laboratory Data Sharing Network 
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Shared Variant Knowledge and Interpretations 



Shared Case Histories 



2

 

BioSample Service Facility 

Sequencing 

Genotyping 

Microarray 

RNA Seq 

 
4 million Partners patients 

Research Patient Data 

 Registry (RPDR) 

Partners Clinical Genetic 

 Data Repository (PCGDR) 

 

200,000 Blood and  

DNA Samples 

 

 
NGS/Sanger Sequencing 

Genotyping 

CNV Technologies 

WGS/WES 

CORE Labs 

CLIA Lab / LMM Biorepository/ PBMD 

RPDR / EMR 

Information Technology (IT) Infrastructure and Bioinformatics Support 

Central Components of PCPGM  
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