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Objectives

• Review current landscape and clinical uses of 
genetic testing

• Interpreting clinical genetic testing results and 
variants of uncertain significance

• Review benefits and limitations of direct to 
consumer genetic testing

• Discuss future role of genetic testing in 
personalized/precision medicine



Current Clinical Genetic 
Testing



Types of Genetic Testing

• Cytogenetic

• Karyotype

• Microarray 

• Molecular

• Single gene sequencing

• Gene Panels

• Whole exome sequencing

• Biochemical 

• Plasma amino acids, urine organic acids, acylcarnitines



Karyotype (aka: routine 
chromosomes)

• Counts and arranges chromosomes in each cell 

• Uses dye to assess “banding pattern”

• Can identify

• Aneuploidy

• LARGE deletions and duplications

• Chromosome translocations

• Marker/ring chromosomes

• Isochromosomes



Chromosomal Microarray
• Also called comparative genomic hybridization or aCGH

• Looks for deletions and duplications too small for a karyotype to 
detect 

• Gold standard for children with developmental delay, multiple 
congenital anomalies 

• Gives specific break points of an aberration 

• When a CGH includes SNP (single nucleotide polymorphisms) it 
allows us to assess:

• Regions of homozygosity

• Uniparental disomy



Karyotype Case Example

• Down syndrome

• Characteristic facial appearance

• Low muscle tone (hypotonia)

• 50% with congenital heart defect

• 33% with GI malformation

• Variable learning or intellectual disability 



Microarray Case Example

• Williams syndrome

• supravalvular aortic stenosis

• Long smooth philtrum, characteristic facial features

• Infantile hypercalcemia

• Social seeking “cocktail” personality, hoarse voice

• Mild to moderate ID

• 7q11.23 microdeletion (ELN LIMK1)



Single gene sequencing

• Looks for mutations in one gene only

• Good choice for patient with features that are 
suggestive of a single condition 

• Also need to consider deletion/duplication studies 
along with sequencing

• Pros: usually faster TAT, specific to patients features, 
usually cheaper

• Cons: many conditions can overlap, does not look at 
regulatory regions, generally need to consider del/dup 
studies, will not pick up trinucleotide repeat disorders-
Fragile X



Next Generation Sequencing 
(NGS) Panels

• Sequences groups of genes (2-100+) based on a 
patient’s phenotype

• Many conditions (hereditary cancer syndromes, 
cardiomyopathies, intellectual deficiency) have multiple 
genes associated with a phenotype or single 
phenotypic spectrum

• Pros: easier than testing single genes individually when 
etiology is unclear, more cost effective than going after 
single genes, relatively quick turn-around time

• Cons: more variants of unclear significance, can take 
longer than single gene testing, still need to consider 
del/dup



Whole Exome Sequencing (WES)

• Exons are the protein coding regions of DNA

• Used when patient does not have features consistent 
with known genetic condition
• Atypical presentations

• Very rare disorders (<100 cases world wide)

• 2+ diagnoses 

• Pros: Tests all known genes, can use trio, a good test to 
consider when all other options have been exhausted

• Cons: 30% yield reported, does not do del/dup, many 
variants of uncertain clinical significance, incidental 
findings, ACMG 56, long TAT



Single Gene Sequencing Case 
Example

• Young male with positive Gower sign

• Calf hypertrophy

• Very elevated CK level

• Family history significant for males 
requiring wheelchairs and are related 
through females

Retrieved from 

https://jamanetwork.com/journals/jama/fullarticle/1104723



Single Gene Sequencing Case 
Example

• Young male with positive Gower sign

• Calf hypertrophy

• Very elevated CK level

• Family history significant for males 
requiring wheelchairs and are related 
through females

• Highly suspicious for Duchenne/Becker 
Muscular Dystrophy

• Order DMD gene testing



NGS Panel Case Example

• 60 year old female with recent diagnosis of ovarian 
cancer

• Family history is limited as there are few female 
relatives

• Consider hereditary GYN cancer panel

Source: https://www.ambrygen.com/clinician/genetic-

testing/3/oncology/ovanext
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Interpreting Genetic Test 
Results 



Possible Results

• Generally, three possible results when doing genetic 
testing:
• Positive

• Deleterious/pathogenic/disease causing mutation identified
• “clinically actionable”
• Information on natural history, prognosis, additional suggested 

medical surveillance and/or management, recurrence risk

• Negative
• Interpretations differ depending on if there is a known familial 

mutation
• Mutation known- true negative result

• Mutation unknown- can be uninformative as no genetic test is 100% 
sensitive

• In the case of WES, caveat that only exons are tested for, so cannot 
completely r/o genetic etiology

• Variant of Uncertain Significance (VUS)



Variants of Uncertain Significance 

• Novel variant or variant with limited data to 
determine if pathogenic or benign

Ambry Genetics



The problem with uncertainty

• For Clinician
• How should these be disclosed to the patient? How 

should they be counseled?

• Should VUS inform clinical management?

• What follow-up studies should be done?

• What happens when variant is reclassified? How will I be 
notified?

• For Patients
• VUSs are difficult to understand

• Complicates decision making

• Uncertainty can cause psychological distress 



So you got a VUS

• Variant tracking in family can help clarify 
significance

• Is the VUS in a conserved area across species?

• Are similar mutations reported as pathogenic or 
benign?

• In silico model studies



The bottom line on VUS’s….

“A variant of uncertain significance should not be used in clinical decision making. 

Efforts to resolve the classification of the variant as pathogenic or benign should be 

undertaken. While this effort to reclassify the variant is underway, additional 

monitoring of the patient for the disorder in question may be prudent.”
- ACMG Recommendations on Medical Management of Variants of Uncertain Significance



How does the lab decide on a 
classification?





Rules for combining 
criteria to classify 
sequence variants



Classification Limitations

• Joint consensus statements are guidelines

• Assigning criteria is subjective � differing 
classifications

• Higher rate of VUS in patients of non-European 
background



VUS Case Examples



Direct to Consumer 
Genetic Testing





Direct to Consumer (DTC) Genetic 
Tests

• Advertised and sold directly to the public and offer 
information that may include:

• Ancestry

• Risk of developing certain conditions

• Carrier status of autosomal recessive conditions

• Predicted drug response

• Nondisease phenotypic traits 

• Increase in DTC testing is attributed to growing 
interest in human genetics and personalized 
healthcare 



DTC – Single Nucleotide 
Polymorphisms (SNPs)

• SNPs are single base variations in an individual’s 
genetic information

• Benign, often present in >5% population

• DTC companies compare SNPs to reference 

• Certain SNPs more common in ancestral 
background, disease risk, trait, etc. 



DTC Genetic Testing

Benefits 

• Increased access 

Limitations

• NOT diagnostic

• High false positive rate

• Interpretation of Raw 
Data

• Not a comprehensive risk 
assessment
• May not analyze every 

gene associated with 
condition

• Analyzes only certain 
common variants



DTC and False Positive Results

Source: Tandy-Conner, S., et al. (2018) 

Source: http://blog.invitae.com/genetic-tests-not-

created-equal/



DTC Raw Data

• Some companies will provide customer’s raw data if 
requested

• Third party companies can be accessed for interpretation at 
a cost

• Data may include variants in genes associated with 
Mendelian disorders

• Limitations
• Neither validated for accuracy nor intended for medical use
• Search databases for interpretations – many are incorrect 
• Assuming that the raw data are true calls and not false positives

• Misinterpretation and potential inaccuracy pose substantial 
risks to customers
• Case Example



Incomplete Genetic Risk 
Assessment



The Future of DTC Genetic Testing

• Mission is to make genetic 
information affordable 
and accessable

• Patient’s will be able to 
initiate test for 
themselves, with access to 
physicians and genetic 
counselors

• More information to come



Personalized/Precision 
Medicine



Personalized Medicine

“A form of medicine that uses information about a 
person’s genes, proteins, and environment [and 
behavior] to prevent, diagnose, and treat disease.” –
National Cancer Institute, 2011

Sysmex



Goals

• Earlier detection

• Selection of optimal therapy

• Reducing adverse drug reactions 

• Increasing patient compliance with therapy

• Shift from reaction to prevention medicine

• Improved treatment outcomes

• Reducing overall cost of healthcare 



Cystic Fibrosis: G551D and 
Ivacaftor (Kalydeco)

• G551D results in defective activation of CFTR

• Present in 2.5-5% of CF population

• Ivacaftor helps “gates” stay open longer, allowing 
more chloride ions flow through

• 12 months and older who have at least one 
mutation approved for Kalydeco use



Hot Topics

• Susceptibility to common diseases

• BRCA1/BRCA2 for breast and ovarian cancer 
predisposition

• SNP-based genomic risk profiling 

• Pharmacogenomics

• Oncology

• Treatment

• Detection

• Prognosis





Pharmacogenomics (PGx)

The study of how multiple genes affect an 
individual’s response to medications.

• Drug efficacy

• Drug toxicity

• Drug targets 





Genotype-Phenotype

• Normal metabolizers (previously called extensive metabolizers)

• Normal function  (*1/*1)

• Additional alleles depending on drug-gene pair

• Rapid and Ultra-rapid metabolizers

• Fast rate of conversion of pro-drug into active drug

• Fast degradation of substrates

• Poor metabolizers

• Slow rate of conversion of pro-drug into active drug

• Slow rate of detoxification

• Intermediate metabolizers 

• Rate of metabolism falls between normal and poor metabolizers

• Clinical impact depends on therapeutic index of drug

https://www.pharmgkb.org/page/cpicTermProject



Medications

• Statins

• Warfarin

• Opioids

• Selective Serotonin Reuptake Inhibitors

• Abacavir



Cancer PGx

• Somatic Tumor Profiling

• Identified tumor variant may be used to 

• Select targeted therapies that are most effective for tumor type

• Predict response to treatment 

• Reduces cost and side effects of ineffective treatments

• May detect germline mutations associated with 
hereditary cancer predisposition syndrome

• Gold standard: diagnostic germline testing should be offered

• Increasing referral indication to cancer genetic counseling





Oncologic screening, diagnosis, 
and prognosis

• OVA1

• Assess the likelihood that ovarian mass is malignant

• Tests 5 serum markers, including CA125

• Should be used to help PCPs decide if patient should be 
referred to gynecology or gynecology oncology.

• NOT a diagnosis



Oncologic screening, diagnosis, 
and prognosis

• Liquid Biopsy

• Cell free DNA

• Currently clinically useful for monitoring advanced, solid 
tumors

• Potential to use in conjunction with established 
preventative cancer screening to detect early cancers

Canadian Cancer Society
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Questions?
Contact: snimrichter@ufl.edu


