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What Do We Do With These Variants?
 

q Ignore them 

q Analyze them and return useful results 



   

    
 

 Why return these variants?
 

q Secondary line of research 


q Ethical obligation to research participant?
 



     
   

    
 

    

   

  

    

NHLBI Guidelines (should return) 


q Important health implication of finding for participant, 
risk established and substantial 

q Finding is actionable- therapy or prevention that could 
change course of disease 

q Test analytically valid and disclosure complies with laws 

q Participant has opted to receive results 

Fabsitz et al. Circ Cardiovasc Genet (2010) 




 

   

    

   

 

    

NHLBI Guidelines (may return) 


q Benefit outweighs risk from participant’s perspective 

q IRB approved disclosure plan 

q Test analytically valid and disclosure complies with 
laws 

q Participant has opted to receive results 

Fabsitz et al. Circ Cardiovasc Genet (2010) 




    

    
  

  
   

  

CLIA 


q Clinical Laboratory Improvement Amendments 1988 

q “Applies to research laboratories as well if they 
report patient-specific results for the diagnosis, 
prevention, or treatment of any disease or 
impairment of, or the assessment of the health of, 
individual patients.” 

http://www.cms.gov/CLIA/ 


http://www.cms.gov/CLIA


       
    

 
    

  

   

 

ASHG Childhood Testing Guidelines 


q “If the medical or psychosocial benefits of a 
genetic test will not accrue until adulthood, as 
in the case of carrier status or adult-onset 
diseases, genetic testing generally should be 
deferred.” - 1995 

http://www.ashg.org/pages/statement_ajhg57.shtml
 

http://www.ashg.org/pages/statement_ajhg57.shtml


 
 

 
 

So you have decided to return 

secondary variants….
 

What do you return?
 



   
 

 

   
    

 

Diseases 


q Nature of disorder 
q Severity/threat 
q Actionability/treatability 
q Alternative modes of diagnosis 
q Proband vs. descendant risk 



    
      

     
       

     

       

    

Diseases to Consider 


q Cancer predisposition- Breast/Ovarian, Colorectal,
other- BRCA1/2, APC, MLH1, MSH2, MSH6, PMS2 

q Hypertrophic Cardiomyopathy- MYH7, MYBPC3,
TNNT2, TNNI3, TPM1, MYL2, MYL3, ACTC1, CSRP3, 
TNN, ACTN2, MYH6, TCAP, TNNC1 

q Long QT Syndrome- KCNQ1, KCNE1, KCNH2, KCNE2,
SCN5A 

q Malignant Hyperthermia- RYR1, CACNA1S 



      
   

 

   

   

 

Diseases to Consider 


q Thrombophilia- F5 (Factor 5 Leiden, p.R506Q, 
24/566), F2 (prothrombin, G20210A) 

q Hemochromatosis- HFE 

q Pharmacogenetics 

q Adult onset neurological disorders 

q Carrier variants that may affect future generations 



 

     

 
 

   
 

     
 

 

Gene/Variant 


q Gene 
q HGMD, OMIM, GeneTests 

q Variant 
qReturn variants known to be causative 
qCan return novel variants highly likely to be 

causative 
q consider effect of telling versus not telling 

http://www.ncbi.nlm.nih.gov/omim 

http://www.ncbi.nlm.nih.gov/sites/GeneTests/ 

http://www.ncbi.nlm.nih.gov/sites/GeneTests
http://www.ncbi.nlm.nih.gov/omim


 

     

 
 

   
 

     
    

 

Gene/Variant 


q Gene 
q HGMD, OMIM, GeneTests 

q Variant 
qReturn variants known to be causative 
qCan return novel variants highly likely to be 

causative 
q consider effect of telling versus not telling 

qCF - BRCA1 – CDH1 

http://www.ncbi.nlm.nih.gov/omim 

http://www.ncbi.nlm.nih.gov/sites/GeneTests/ 

http://www.ncbi.nlm.nih.gov/sites/GeneTests
http://www.ncbi.nlm.nih.gov/omim


 
  

At this point need to start 

filtering variants!
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How to Work with Variant Data
 

Annotation Source - VarSifter
 

Find variant n HGMD or LSDB 


Analyze support for causation 


Decide whether to return variant 




 

 

 

  

 

   

CS Secondary Variant 


572 Probands
 

Whole exome
 

X number of variants 

Variant of interest 

Secondary Variants 
Gene Discovery 181,742 



   

High Susceptibility Cancer Genes 


Lindor et al. J Natl Cancer Inst Monogr. (2008) 




 VarSifter – Gene Filter 




 VarSifter – Gene Filter 




 

 

 

  

 
 

 
 

  
   

  

CS Secondary Variant 


572 Probands
 

Whole exome
 

X number of variants 

Variant of interest 
Secondary Variants 
(nonsense, nonsynonymous,  
frameshift, splice) Gene Discovery 

181,742 
Adult onset cancer 
susceptibility genes 

455 variants 



        
   
  

 

                     
  

 
 
 

 
 

   

  

   
  

 
  

  

 

 

 

Framework for Variant Interpretation 


MPG>10 
no stop 

Quality 
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 VarSifter – Most Probable Genotype/
 
Coverage 




        
   
  

 

                     
  

 
 
 

 
 

   

  

   
  

 
  

  

 

 

 

Framework for Variant Interpretation 
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Cancer Variant Filtering
 

MPG>10 

yes 

MPG/coverage < 0.5 
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CS Cancer Filtering
 
no stop 451MPG>10 

yes 

yes 
MPG/coverage < 0.5 stop 

no 

ClinSeq ≥ 1% yes 
stop -76 430 
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no denominator with MPG/ 

coverage ≥ 0.5 Frequency 
yes 

stop -20 dbSNP MAF ≥ 0.015 
1000 genomes 


no 


334Candidate 

HGMD and/or LSDB pathogenicity data 

- + 
? 
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 Evaluation of Candidates 


q Human Gene Mutation Database (HGMD) 
q Locus Specific Database (LSDB) 

q Controls 
q Multiple reports 
q Functional data 
q Presence with other causative mutations 
q Segregation with disease (LD & linkage caveat) 
q De novo (assuming parentage) 

q Penetrance
 

q Phenocopies
 



 VarSifter - HGMD 




 
Human Gene Mutation Database 

http://nihlibrary.nih.gov/ResearchTools/Pages/Bioinformatics.aspx 

http://nihlibrary.nih.gov/ResearchTools/Pages/Bioinformatics.aspx


HGMD - Search 




HGMD – Mutation Page 




HGMD – Primary Literature 




  

Primary Literature 


Kuusisto et al. 



  

 

Locus-Specific DataBases
 

http://www.hgvs.org/dblist/glsdb.html 
http://grenada.lumc.nl/LSDB_list/lsdb.phpaction=view_all&symbol_start=M 

http://grenada.lumc.nl/LSDB_list/lsdb.phpaction=view_all&symbol_start=M
http://www.hgvs.org/dblist/glsdb.html


LSDB 




LOVD database slides 



LSDB 




LSDB 




 Annotation Source - VarSifter
 



 

  

Check Mutation Nomenclature 


Mutalyzer http://www.mutalyzer.nl/2.0/ 


http://www.mutalyzer.nl/2.0


 

Mutalyzer  http://www.mutalyzer.nl/2.0/ 

Check Mutation Nomenclature 




 Check Mutation Nomenclature 




 Check Mutation Nomenclature 




 

    
  

 
 
 

                    
 

 
 
 

 
 

  

 

   
 

   

  

 

 

  

 

CS Cancer Filtering
 

no stop 451MPG>10 

yes 

yes 
MPG/coverage<0.5 stop 

no 

yes 430ClinSeq >1% stop -76 
Only include individuals in denominator with 


no MPG/coverage > 0.5
 

yes 
stop -20 

dbSNP MAF > 0.015 
(at least 120 chromosomes) 

no 

Candidate 

HGMD and/or LSDB pathogenicity data 

- + 
? 

stop VUS confirm pathogenicity and 
report reevaluate quarterly 

334 



 

   

 
        
        
       
        
        
        
                    

 
   

 
 

 
    
 

International Association for Research 

on Cancer (IARC) Pathogenicity Scale 


Proposed Classification System for Sequence Variants 
Identified by Genetic Testing 

Class Description Probability of being 
pathogenic 

5 Definitely pathogenic >0.99 
4 Likely pathogenic 0.95-0.99 
3 Uncertain 0.05-0.949 
2 Likely not pathogenic or of little clinical signi¢cance 0.001-0.049 
1 Not pathogenic or of no clinical significance <0.001 

0 Insufficient information i.e. did not pass quality filter 

Plon et al. Human Mut. (2008) 




Variant Decision Examples 




    
   

 
 

Variant Decision Examples 


qHGMD and LSDB often have conflicting information 

qReferences cited do not always support causation 


MUST READ PRIMARY LITERATURE!!!! 



 
 

 
 

 

  
  

  

   

CS Cancer Filtering
 

Candidate 


HGMD and/or LSDB pathogenicity data
 

- + 
? 

stop VUS confirm pathogenicity 
reevaluate quarterly and report 

5 322 7 
Score 1 Score 5 

48 270 4 

Score 2 Score 3 Score 4 



 

  

    

  

  

Summary of Variant Scores 


Class 4 Class 5
 

Class 1 
Class 3 

Class 2 



     
     

      
 

      
 

    

 CS Cancer Variants of Interest 


q Three BRCA2 variants, both score 5 
q Two BRCA1 variants, both score 5 

q One SDHC variant, score 4- p.Arg15X, LOVD ?/+, 
Paraganglioma 

q One FLCN variant, score 4- p.Lys508Arg, LOVD +/+?, Birt-
Hogg-Dube syndrome 

q Four variants in MUTYH (two 4, two 5s; AR; none biallelic) 



  

    
 

    
     
      
   

Seven is a Big Number 


q Seven probands with BRCA1/2 variants in 572 
ClinSeq cohort 
q All previously described 
q All associated with familial high-penetrance cancers 
q Only four had pedigrees that would lead to testing 
q Potentially life-saving results 



  
 

  

 
   

 
 
 
 
 

Family History May not be Informative 


BRCA2 c.8297delC 
Evidence of Pathogenicity: Thr2766AsnfsX11 Reported 41 times, no debate 

Classification: 5 about pathogenicity 



 

 
     

 
    

 
  

 
 

 

 

 

 

 

 

 

    
  

 

 
 

 

   

 

 
 

  

Pathogenicity Score Criteria
 
Database 

Designation 
Novel Novel Pathogenic Pathogenic VUS Benign 

Mutation 
Type 

Missense Nonsense 
Frameshift 

Splice 

Missense Nonsense 
Frameshift 

Splice 

Any Any 

Similar mutation Multiple reports, no No evidence against Score 5 
type evidence against 

Consistent family 

history 


Similar mutation Multiple reports, Multiple reports, Multiple primary Score 4 
type evidence against OR single evidence reports as 
Equivocal family Single report, against pathogenic 
history evidence for 

Score 3 All novel Dissimilar mutation Single report, no Multiple reports, Primary reports as Single report OR 
missense type supporting evidence multiple evidence VUS primary reports as 

Inconsistent family against OR Single pathogenic 
history report, single 

evidence against 

Score 2 Single report, multiple Single report, Multiple evidence Multiple reports, no 
evidence against multiple evidence against supporting evidence 

against OR Single report, 
evidence against 



A Cautionary Tale 




Cautionary Tale 




 
  

What should we consider when 

returning carrier variants?
 



   

 

   

    

  

Disease-Gene-Variant 


q Severity of disease 

q Genes proven to cause disease 

q Variants with known pathogenicity 

q Threshold for disease incidence? 



   
   

 
 
 

                    
 
 
 

 
 

   

  

 

 

   
 

 

  

 

Framework for Carrier Variants 

no stopMPG>10 

yes 

yes 
MPG/coverage<0.5 stop 

no 

ClinSeq >15% yes 
stop 

Only include individuals in denominator with no MPG/coverage > 0.5 

yes 
stop 

dbSNP MAF > 0.15 
no 

Candidate 

HGMD and/or LSDB pathogenicity data 

- + 
? 

stop VUS confirm pathogenicity and 
report reevaluate quarterly 



 

      

      

     
 

 

Ambrygen Gene List 


q 78 genes offered in prenatal panel 

q 75 AR, 3 X-linked 

q 1:2,500 for CF to 1:1,000,000 for Beta 
ketothiolase deficiency 

http://www.ambrygen.com/ 


http:http://www.ambrygen.com


 
    

 

 

    

 

  
 

 

Common Recessive disease 


Population Risk:
 
1/30 * 1/30 * 1/4 = 1/3600
 

Known Carrier Risk:
 

1/30 * 1/4 = 1/120
 

30 X population risk 

http://www.hopkinsmedicine.org/fertility/resources/genetic_screening.html 

http://www.hopkinsmedicine.org/fertility/resources/genetic_screening.html


   
   

 

 

 

    
 

  
 

   

Extremely Rare Recessive disease 


Beta ketothiolase 
deficiency 

Population Risk (1 in a million): 
1/500 * 1/500 * 1/4 = 
1/1,000,000 

Known Carrier Risk: 

1/500 * 1/4 = 1/2,000 

500 X population risk 




  

 
   
   

    
   
   
   

    

 

What did we find?
 

¨ 10 stops in HGMD 
¨ 216 nonsynonymous in HGMD 

¨ 11 novel stops 
¨ 25 frame shifts 
¨ 5 in frame deletions 
¨ 14 splice not in HGMD 

¨ 623 were nonsynonymous changes not present in HGMD 



  

    
 

      
 

     
 

    
 

     
 

     
 

     
 

CS Carrier Variants - 78 Genes 


CFTR – Cystic Fibrosis - p.ΔF508, 7/571 

BBS10 – Bardet Biedl - c.271dup, common mutation, 2/401 

ASPA – Canavan disease - p.Glu285Ala, founder AJ, 1/564 

IDUA – Hurler- p.Ala327Pro, common mutation, 1/522 

GALT – Galactosaemia, p.Gln188Arg, common mutation, 3/574 

G6PC – Glycogen Storage 1a, p.Arg83Cys, founder AJ, 4/572 

MUT – p.Asn219Tyr, common methylmalonic aciduria mutation 1/572 



 
  

How might we think of things 

differently for a trio?
 



 

 

 

 

  

  

Family W04
 

Proband
 

Whole exome
 

89,536 number of variants 

24 variants of interest 

Gene Discovery
 



 

 

 

 

  

 
   

W04 Secondary Variant 


Proband
 

Whole exome
 

X number of variants 

Variant of interest 
89,536 Secondary Variants (all) 

Gene Discovery 



 VarSifter - HGMD 




 

 

 

 

  

 
   

    

W04 Secondary Variant 


Proband
 

Whole exome
 

X number of variants 

Variant of interest 
89,536 Secondary Variants 

Gene Discovery 

9,264 variants in “HGMD” genes 



 
 

 

 

  

 
   

   

       

W04 Secondary Variant 

Proband
 

Whole exome
 

X number of variants 

Variant of interest 
89,536 Secondary Variants 

Gene Discovery 

9,264 HGMD Gene Variants 

113 HGMD DM Variants 362 HGMD annotated Variants 



 
 

 

 

  

 
   

     

       

   

   

    

W04 Secondary Variant 

Proband
 

Gene Discovery 

X number of variants 

Variant of interest 
89,536 Secondary Variants 

9,264 HGMD Gene Variants 

Whole exome 

1,351 N-Syn, Stop, Splice, FS 

19 Novel Stop/Splice/FS Variants 

100 HGMD DM Variants 291 HGMD annotated Variants 

65 MAF < 10% in CS 



    

    

Secondary Variant Paradox 


q Exome/WGS sequencing can uncover life altering 
predictive information 

q Value can only be appreciated if research 
practitioners annotate exomes for secondary 
variants 



 

   
 

    
 

 

What is the future?
 

q Secondary annotation is a burden (for researchers) 
q It is important 
q NIH and others need to improve resources for this 

q Databases 

q Interpretation tools & services 



