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1. Define and describe the primary 
types of genetic testing.

2. Interpret the key aspects of a genetic 
testing report.

3. Summarize the risks and limitations of 
genetic testing.

Learning Objectives



• Types of Genetic Testing

– Cytogenetics

– Molecular Testing

• Interpreting Genetic Test Results

• Informed Consent

Outline



Types of Genetic Tests

• Cytogenetic Tests: Study of the number and structure 
of chromosomes  

• Molecular Tests: Study of the DNA at the molecular 
level to identify small variants



Cytogenetic Testing

FISH
➢ Fluorescent probe targeting specific area on 

chromosome
➢ Rapid TAT

Karyotype
➢ Looks at chromosomes under microscope to evaluate 

for large structural abnormalities

Chromosomal 
Microarray

➢ Thousands of probes over the whole genome + single 
nucleotide polymorphisms (SNPs)

➢ Can identify small deletions/duplications and some 
forms of uniparental disomy and regions of 
homozygosity

Copy number variant (CNV) = chromosomal deletion/duplication



FISH: Fluorescence in situ hybridization 

• CAN:
– Quickly determine the presence/absence 

of a known chromosomal region
• ex: 22q11.2 deletion syndrome

– Detect aneuploidies and chromosomal 
rearrangements, such as translocations

– Detect mosaicism

• CANNOT:
– Determine size of region of interest
– Identify the breakpoints of region of 

interest
– Identify deletions/duplications outside of 

probe region
• Ex: Partial Trisomy 18

Chromosome 
22 probe

Probe for 
region 
22q11.2



Karyotype

• Evaluates chromosome 
structure

• Indications
– Large deletions/duplications
– Aneuploidies
– Translocations
– Ring chromosomes

• Limitations
– Cannot identify small CNV’s unable to be 

visualized by microscope
– Cannot identify breakpoints of deletions 

or duplications
– Cannot confirm if a translocation is 

balanced

Apparently balanced 
translocation



Chromosome Microarray

• Compares amount of DNA of patient to reference sample

• Can detect smaller deletions/duplications than karyotype

• Cannot detect balanced chromosome rearrangements 
(i.e., balanced translocation, inversions)

• SNP-based platforms can identify consanguinity and some 
forms of uniparental disomy

Note: Report may say “Whole Genome 
Chromosome Microarray” because array 
covers the entire genome 
– not to be confused with Whole Genome 
Sequencing



Karyotype vs. Microarray

Karyotype Chromosome Microarray

Resolution ~5Mb ~500kb

Identifies structure 
abnormalities

Yes No

Identifies regions of 
homozygosity

No Yes (some)

Yield for Autism/DD/ID <5% 15-20%

Identifies single-
nucleotide variants

No No



Molecular Testing

Common Mutation Panel Tests for commonly reported disease-causing variants within a gene

Gene Panel Sequencing of curated list of genes specific to a phenotype

Whole Exome Sequencing Sequences the protein-coding regions (exons) of the genome (comprises 

1-2% of our DNA)

Whole Genome Sequencing Sequences the coding and noncoding (introns) regions of the genome

Mitochondrial DNA Sequencing Sequences DNA in the mitochondria (as opposed to nuclear DNA)



Gene Panel 

• Gene Panels: curated list of genes by phenotype
– May have better coverage of desired genes than exome

– Variants may not be interpreted using clinical information

• Multiple variants of uncertain significance

– Not all gene panels are created equal



Gene Panel 

• Gene Panels: curated list of genes by phenotype
– May have better coverage of desired genes than exome

– Variants may not be interpreted using clinical information

• Multiple variants of uncertain significance

– Not all gene panels are created equal

Autism/ID Panel Comparison: GeneDx vs. PreventionGenetics
Green: overlapping genes
Gray: Unique genes



Exome and Genome Sequencing

Exome Sequencing Genome Sequencing

Protein coding regions of DNA (1-2% of 
genome)

Coding and non-coding regions of DNA (still 
not 100% complete)

Phenotype-Driven Phenotype-Driven

Trio-Based For Best Analysis3,4 Trio-Based for Best Analysis3,4

Secondary Findings Secondary Findings

Does not detect CNV’s, trinucleotide repeats, 
methylation

May detect CNV’s, trinucleotide repeats
Does not detect methylation defects

Not widely available for clinical use
Blood specimens preferred



Exome and Genome Sequencing

• Exome Sequencing: 

– 25-35% diagnostic yield2-4

• Higher yield in consanguineous populations5

• Higher yield in trio analysis vs. proband-only3,4

• Genome Sequencing:

– 21-41% diagnostic yield6-8

• Up to 53-73% in critically ill infants and patients with 
severe intellectual disability8-9



Mitochondrial DNA (mtDNA)

• Mitochondria DNA: maternally inherited
– 16,569 DNA base pairs
– 37 genes (13 proteins, 22 tRNAs, 2 

rRNAs)

• 1500+ genes involved in maintaining 
proper mitochondrial respiratory chain 
function
– Remainder nuclear genes

• Mitochondrial disorders more 
commonly due to nuclear genes variants 
rather than mtDNA variants
– 80% of Leigh syndrome cases are caused 

by variants in nuclear DNA

• MtDNA testing must be ordered 
separately



Trinucleotide Repeat Disorders

• Genetic disorders caused by an expansion or contraction of a repetitive DNA 
sequence

• Detection requires separate testing methodology (PCR or Southern Blot)

• Require separate testing from cytogenetics and molecular in most cases



DNA Methylation Disorders

• Imprinting: expression of genes in 
parent-of-origin specific manner

– DNA Methylation: epigenetic 
marker that turns genes “on” or 
“off” in genomic imprinting

• Imprinting disorders: disorders of 
DNA methylation causing dosage 
imbalances from methylation 
defects

– Rarely parent-of-origin specific 
gene variants



So…

• There are many types of genetic tests
• No single test can evaluate for everything
• Even if all testing is negative, the patient may 

still have a genetic condition
• Technology limitations
• Limitations in knowledge of gene function, 

mechanisms that impact gene function



Interpreting Genetic Test Results

• Mutation – outdated term! Now called “Variant”

• Zygosity:

– Heterozygous: one variant identified

– Homozygous: two identical variants identified

– Hemizygous: one variant identified on the X chromosome in 
biological males

• Phase:

– In cis: two variants located on the same allele

– In trans: two variants located on opposite alleles

• Compound heterozygous: two different variants located on opposite 
alleles of the same gene



Variant Classification



Variant Classification

● Has this variant been seen before? In affected individuals? In a healthy control 
population?

● Is this variant segregating with disease in the family?
● Is this variant a new variant in an affected child with healthy parents?
● How is this variant predicted to affect the protein product (in silico models)?

Different laboratories may use different classification schemes
● American College Medical Genetics recommendations - PMID: 25741868 DOI: 

10.1038/gim.2015.30

Pathogenic and likely pathogenic are treated the same in the clinical setting

Variants of uncertain significance must be reviewed carefully to determine if 
recommendations should be made (in general a VUS should not change clinical 
management)

https://doi.org/10.1038/gim.2015.30


22q11.2 Deletion Syndrome



22q11.2 Deletion Syndrome



Trisomy 21



Ataxia-Telangiectasia



Importance of Informed Consent

• Unexpected findings:
– Microarray, Exome/Genome: Parental consanguinity

– Trio/Parental testing: Non-paternity or non-maternity

– Fragile X: Risk of identifying premutation allele (risks for FXTAS and/or POI in 
patient/parent)

• Variants of Uncertain Significance (VUS):
– Results not always ‘positive’ or ‘negative’

– Exome/Genome or large panels: Genes of uncertain significance (GUS) or 
Candidate genes



Importance of Informed Consent

• Negative results do not rule out possibility of genetic etiology
– No test looks for ‘everything’

• Exome/Genome: Secondary Findings (ACMG81)
– Adult-onset, medically actionable conditions

– Federal Genetic Information Nondiscrimination Act of 2008 (GINA): Protection 
for health insurance, not life, long-term care, disability policies

– Florida Genetic Information for Insurance Purposes (HB 1189): Protection for life 
and long-term care insurance



Importance of Informed Consent

• Important to properly consent 
and document that consent has 
been obtained

• In Florida, legal ramifications for 
obtaining sample for DNA analysis 
without consent of patient or 

guardian (HB 833) 



In summary

• Genetic testing can have a significant impact 
for patients and their families

• Many genetic tests are available

• Interpreting genetic test results can be 
complex

• There is a lot to consider when ordering a 
genetic test!

• When in doubt, consult Genetics!



QUESTIONS?
Thank you!
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