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Stipulate that for optimal care we need 
1)germline variants pathogenicity 
annotated with justification 
2) to be consistent in these 

§ Average person’s WGS has >3.5 million variants* 
§ 0.6 million are rare or novel 
§ 400 genes have rare or novel, nonsynonymous 

variants in conserved regions 
§ Total unique variant submissions to ClinVar with 

clinical assertions = 111,446 (Sept 21, 2015) 
http://www.ncbi.nlm.nih.gov/clinvar/submitters/

§ If mulCple asserCons, 17% contradict	
  (per H. Rehm)

*Kohane, Tsing, Kong, Genet Med 2012, PMID 22323072
 

http://www.ncbi.nlm.nih.gov/clinvar/submitters/	�


    
     
        

  
     

CSER	
  bake-­‐off 2: Intra-­‐laboratory Usual vs. ACMG
ClassificaBon Comparison of	
  99 variants*

Lab Class
P LP VUS LB B Total

P 62 8 5 0 0 75
LP 12 55 4 0 0 71
VUS 2 6 94 17 4 123
LB 0 0 3 34 7 44
B 0 0 0 4 30 34

Total 76 69 106 55 41 347
Cramér's V = 0.75

• 275/347 (79%) concordant *Bakeoff:• 11/347 (3.2%) shift by >1 class 99 germline variants• If discordant, 45/67 (67%); ACMG less certain -­‐9 classified by 9 sites(e.g. VUS) -­‐90 classified by 3 sites• Labs call more things benign, likely benign. by ACMG and own rules
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Inter-­‐laboratory Concordance of 97 variants did not	
  improve
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Lab class

ACMG class

same 1 off 2 off 3 off 4 off

All labs Benign to
agree pathogenic

Difference in classifications across labs 


1.Pathogenic
2.Likely pathogenic
3.VUS
4.Likely	
  benign
5.Benign
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Resolving Variants with Disagreement
SPG7:c.1529C>T (p.Ala510Val)
• 0.8% people carry; ExAC
• AR, late-­‐onset, +/-­‐ reduced penetrance, spasCc paraplegia	
  

Laboratory ACMG
classificaCon ClassificaCo 

• 32/61 (52%) of
discordants
discussed	
  to
date are
resolved

• To ClinVar	
  

Laboratory	
  class	
   ACMG Rules PP3 PS3	
  PM3 PP1 PS1	
  PS4	
  PP5 PM2 BS1	
  PP2 PP4 ACMG

Pathogenic Pathogenic X X X X X
Pathogenic Pathogenic X X X X X X
Pathogenic Pathogenic X X X X X X
Pathogenic Pathogenic X X
Likely Pathogenic Likely Pathogenic X X X X X X
Likely Pathogenic Likely Pathogenic X X X
Uncertain Significance Pathogenic X X X X X PS3,
Likely Benign	
   Uncertain Significance X X X X
Uncertain Significance Uncertain Significance X X X

7 6 5 5 4 4 3 2 2 1 1

Cosegregation MAF > disease frequency 

Functional evidence
 Missense gene with low rate of 

Computational Pt phenotype specific for gene 
lines of evidence

PS3,PS4,PM3,PP3,PP5
PS1, PS3, PM3, PP1, PP3, PP5
PS1, PS3(moderate) ,PS4, PM3, PP1, PP3
PM3 (strong), PP1 (strong)
PP1, PP3, PM2, PM3, PS3(weak), PS4
PS1,	
  PP3, PP5

PM2, PP2, PP3, PP4
PS1,	
  PS3,	
  PS4,	
  BS1	
  
PP1, PP3 BS1	
  



  

     
    

     
     
     
    

   
    
    

     
 

Opportunities: Variant sorting 

•	 CSER efforts to improve variant 
pathogenicity classification must continue. 

•	 Continue to 
•	 identify sources of variation 
•	 clarify and improve ACMG guidelines 

•	 deposit to ClinVar 

•	 Expand to: 
•	 non-CSER labs 
•	 low penetrance variants 

•	 no system now 



 
  

      
     

   
 

    

     
   
     

    

Opportunities 
Maximize variants classified: 
•	 Exome/genome level data optimal 
•	 Re-phenotype based on genotype 

•	 Public variant database/outside 
requests and local interest (LoF) 

•	 Putative pathogenic variants that are 
frequent 

•	 Re-analyzed sequence if 
•	 phenotype changes 
•	 new genes for condition reported 

•	 High throughput functional partners 



   
       
     

      
    
    

      
       
     
          

     
     

    
       

Re-phenotype based on genotype
 
• ACVRL1 c.1249A>T, p.Ile417Phe found in 56 yo
 

• Hereditary hemorrhagic telangiectasia (AD) 
• Cutaneous, membrane, organ telangiectasias 
• Nose and GI bleeds 
•	 Arteriovenous malformations of lungs (50%), 

liver (30–70%) and the brain (10%) 
• Disease 1/5000, SNV 1/5000 EU 
• Published report of affected patient with this SNV
 

• On return – normal skin exam, no hx epistaxis 
• Data to ClinVar 
• Advantage if exome/genome 

Photo: Herbert L. Fred, MD and 

Hendrik A. van Dijk - Case 115
 



 
     

 

    

    
 
    

    
   
    
 

Tumor sequence reanalysis and correlate 

Opportunities 
• 

with outcomes 

• EHR integration 

• Training, including diversity
 

• Clinician and patient report/communication
 
• Do clinicians reinterpret variants? 
• Outside academic centers 
• Underserved and Non-European ancestry 



  
   

    
        
      

  
 

   
   
     
    

 

Gene lists 
For primary indication: 

+ Focuses efforts / saves time 
Reduces VUS 

- Limits discovery 
Opportunity: Cost/benefit not evaluated? 

For incidental findings: 
Generally support actionable genes 
Opportunities: Consensus list? List of lists? 

Methods of consent and education? 



 

     
   

 
       

 
     

   
   

 

Major Themes 

•	 Determination of pathogenicity and 
sources of variability in 
interpretation 

•	 Reanalysis of data in light of new 
information 

•	 What are the implications of using/ 
not using a gene list? 

•	 Results reporting and physician and 
patient perspective? 
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32 of 61 (52%) of ACMG discordants resolved	
  

• 61/65 variants with discordant ACMG classibications reviewed to date
▫ 12/19	
  (63%) ‘call consensus’ variants	
  resolved;	
  7 calls	
  (5.5 hours!)
▫ 20/42 (48%) ‘email consensus’ variants resolved

Classi=ications	
  of variants	
  that reached consensus	
  (n=65)
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ACMG Standard Recs 
Richards et al GIM 2015 
PMID:25741868 




