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NOW WHAT?

 Interpretation
Classification of variants
Database and other resources

Reporting
Regulatory requirements

Clinical significance and recommendation

Timing of reporting



早安

INTERPRETATION AND REPORTING

Zao An Early Safe

Good Morning

Buenos dias



CLINICAL LABORATORY IMPROVEMENT 
AMENDMENTS, 1988 (CLIA)

No Molecular Genetics specialty – general 
requirements

Nonwaived

High complexity testing

LDTs



OTHER REGULATIONS AND GUIDELINES

College of American Pathologists

State specific, e.g. NY Clinical Laboratory 
Evaluation Program

Professional Standards:
Clinical Laboratory Standards Institute

American College of Medical Genetics and 
Genomics

Association of Molecular Pathologists



TERMINOLOGY

Mutation
Polymorphism
SNP, Single nucleotide 

polymorphism



Variant



ACMG STANDARDS AND GUIDELINES

Workgroup consisted of ACMG, AMP, and 
CAP experts

ACMG determined 5 categories to classify 
variants using standard terminology:
Pathogenic

Likely to be pathogenic

Uncertain significance

Likely to be benign

Benign
Richards, S. et al. 2015. Genetics in Medicine 17(5):405-424



Peer reviewed publication
Database
General
Disorder specific

Predictive program
ACMG proposed criteria

RESOURCES



PubMed (Medline and Medline Plus)
ScienceDirect
SpringerLink
Ovid, Ebscohost, ProQuest.
Cochrane Library
Google Scholar
……….

PUBLICATIONS



PUBMED SEARCH EXAMPLE



ClinGen
ClinVar
OMIM
Human Gene Mutation Database (HGMD)
Exome Aggregation Consortium (ExAC)
1000 Genome Project
Exome Variant Server
dbSNP
………..

GENERAL DATABASE



CFTR2, https://www.cftr2.org/
HbVar, 

http://globin.bx.psu.edu/hbvar/menu.html
GALT database, 

http://www.arup.utah.edu/database/GALT/GA
LT_display.php
PAHdb, http://www.pahdb.mcgill.ca/
ALD Mutation Database, http://www.x-ald.nl/
………….

DISORDER SPECIFIC DATABASE

https://www.cftr2.org/
http://globin.bx.psu.edu/hbvar/menu.html
http://www.arup.utah.edu/database/GALT/GALT_display.php
http://www.pahdb.mcgill.ca/
http://www.x-ald.nl/


CLINVAR SEARCH EXAMPLE – ∆F508



CFTR2 SEARCH EXAMPLE – ∆F508



CLINVAR SEARCH EXAMPLE – D1152H



CFTR2 SEARCH EXAMPLE – D1152H



CLINVAR SEARCH EXAMPLE – R31C



CFTR2 SEARCH EXAMPLE – R31C



Keep an up-to-date database
Track genotype-phenotype correlation and 

frequency of variants in your population

YOUR OWN DATABASE

MOL.49575 Variant Database
The laboratory's database for the clinical 
significance of variants is recorded and updated 
as needed, when applicable.

CAP requirement



Data fields 
Gene name
Nomenclature
Classification
 Interpretation
References
Date of last update

Frequency of updates – data curation

MAINTAINING YOUR OWN DATABASE



SIFT
PolyPhen-2
Mutation Taster
Condel
PROVEAN
GeneSplicer
……….

PREDICTIVE PROGRAM



MUTATION TASTER EXAMPLE – D1152H



MUTATION TASTER EXAMPLE – R31C



Evidence of Pathogenicity
Very strong
Strong
Moderate
Supporting

Evidence of Benign
Strong
Supporting

Use combination of criteria to classify 
sequence variant. 
For example, a variant meeting 1 Very strong and 2 

Moderate criteria is classified as Pathogenic

ACMG PROPOSED CRITERIA



Knowledge accruing daily, however the 
clinical impact of most variants is unknown

Lack of data to support a quantitative 
assignment of variant certainty to any of the 
five categories – imperfect variant analysis

Conflicting information from different 
sources

Some phenotype are associated with a single 
gene but many are associated with multiple 
genes

COMPLEXITY OF VARIANT 
CLASSIFICATION



REPORT

Convey patient results effectively to a 
non-expert physician
Concise
Clear
Easy to understand
Easy to locate important information



§493.1291 Standard: Test report.

(c) The test report must indicate the following:
 For positive patient identification, either the patient's name 

and identification number, or a unique patient identifier and 
identification number.

 The name and address of the laboratory location where the 
test was performed.

 The test report date.
 The test performed.
 Specimen source, when appropriate.
 The test result and, if applicable, the units of measurement 

or interpretation, or both.
 Any information regarding the condition and disposition of 

specimens that do not meet the laboratory's criteria for 
acceptabil ity.

CLIA REQUIREMENTS ON REPORT 
CONTENT





Reason for testing 
Disease locus tested – gene name
Number of sequence variants detected 
Name of the variants
Standard naming system, Human Genome 

Variation Society, http://www.hgvs.org/
 Genomic DNA level (g.98809_98811delCTT)
 Complementary DNA level (c.1521_1523delCTT)
 Protein level (p.Phe508del)

Historical naming (∆F508)

REPORT CONTENT



Result interpretation
Pathogenicity of the variants
Associated condition
 Inheritance pattern
Overall NBS result for the condition
Reference or literature

Recommendations
Genetic counseling
Referral or Request Repeat
Supplemental clinical testing
Notify family

REPORT CONTENT



VLCAD RESULT 
RECOMMENDATIONS

Clinical Significance Statements

1 The results suggest Very Long-
Chain Acyl-CoA Dehydrogenase 
Deficiency. If you have not 
already done so, consultation 
with a metabolic specialist within 
24 hours is strongly 
recommended.

2 If you have not already done so, 
consultation with a metabolic 
specialist within 24 hours 
is recommended.

3 If clinically indicated, 
consultation with a metabolic 
specialist within 72 hours 
is recommended. As appropriate, 
recommend genetic counseling 
within 30 days.

4 Notify family of test results. As 
appropriate, recommend genetic 
counseling within 30 days.

5 No clinical significance statement 
applied.

Variants 
identified

Pathogenic Likely 
Pathogenic

Variant of 
Unknown 
Significance

Likely 
Benign

Benign No variant 
found

Pathogenic
1 2 2 3 3 3

Likely 
Pathogenic 2 2 3 3 3

Variant of 
Unknown 
Significance 2 3 3 3

Likely 
Benign 3 4 4

Benign 4 4
No variant 
found 5



Methodology
Limitation  
Type of variants not detected
Detection rate
Residual risk of being a carrier for a pathogenic 

variant not tested for

Disclaimer

REPORT CONTENT



Molecular analysis is performed by bidirectional Sanger DNA 
sequencing of the very long-chain acyl-CoA dehydrogenase 
(VLCAD) gene.  Of the known variants in this gene, 
approximately 95% can be detected using this methodology.  
Pathogenic intronic variants, large deletions/duplications, or 
whole gene deletions/duplications may not be identified by this 
methodology.  This test was developed and its performance 
characteristics determined by the Laboratory Services Section 
at DSHS.  The test has not been approved or cleared by the US 
Food and Drug Administration (FDA).  Molecular based testing is 
highly accurate.  However, rare diagnostic errors may occur.  
Test results should not be used as a diagnostic test but should 
be interpreted in the context of clinical findings, family history, 
and other laboratory data.  Errors in the interpretation of 
results may occur if information given to the laboratory is 
inaccurate or incomplete.

METHODOLOGY STATEMENT



Which report?
Regular newborn screening report
Preliminary + Final reports
Separate supplemental report

Timeliness
Critical results
Use of a reference laboratory

REPORTING TIMEFRAME



 CLIA Requirement 
 Pertinent updates on testing information must be provided to 

clients whenever changes occur that affect the test results or 
interpretation of test results.

 Set clear policies on reanalysis of genetic testing 
data
What can the providers or referring laboratories expect?
 How often?
 How soon?
 For how long?

 Set procedures and identify mechanisms and 
resources to recontact previous users and make a 
good-faith effort to provide updates and revisions to 
previous test reports

VARIANT RECLASSIFICATION



Electronic reporting (HL7 messaging)
Data submission to variant database such 

as ClinVar
Exome or Whole genome sequencing 
Variants in a gene of uncertain significance
 Incidental findings

ADDITIONAL CONSIDERATION



THANK YOU!
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