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Learning Objectives

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

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

3. Summarize the risks and limitations
genetic testing.




Outline

A Types of Genetic Testing
I Cytogenetics
I Molecular Testing
A Interpreting Genetic Test Results

A Informed Consent




Types of Genetic Tests

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

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



Cytogenetic Testing
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FISH: Fluorescence in situ hybridizatic

A CAN:

i Quickly determine the presence/absence
of a known chromosomal region
A ex: 22g11.2 deletion syndrome
i Detect aneuploidies and chromosomal
rearrangements, such as translocations
i Detect mosaicism

A CANNOT:

i Determine size of region of interest
i ldentify the breakpoints of region of
Interest
i ldentify deletions/duplications outside of
probe region
A EXx: Partial Trisomy 18
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Karyotype

A Evaluates chromosome
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balanced



Chromosome Microarray

A Compares amount of DNA of patient to reference sam|
A Can detect smaller deletions/duplications than karyoty;

A Cannot detect balanced chromosome rearrangements
(l.e., balanced translocation, inversions)

A SNPbased platforms can identify consanguinity and so
forms of uniparentatlisomy
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Karyotype vs. Microarray

Resolution ~5Mb ~500kb
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Molecular Testing

Common Mutation Panel Tests for commonly reported diseasausing variants within a gene

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

Whole Exome Sequencing Sequences the proteinoding regions (exons) of the genome (comprisg
1-2% of our DNA)

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

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




Gene Panel

A Gene Panels: curated list of genes by phenotyp

I May have better coverage of desired genes than exome

I Variants may not be interpreted using clinical information
AMultiple variants of uncertain significance

I Not all gene panels are created equal
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Exome and Genome Sequencing

Exome Sequencing Genome Sequencing

Protein coding regions of DNA-2% of Coding and nowoding regions of DNA (stil

genome) not 100% complete)
PhenotypeDriven PhenotypeDriven
TrioBased FoBest Analysis! TrioBased for Best Analysfs
Secondary Findings Secondary Findings
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methylation Does not detect methylation defects

Not widely availabldor clinical use
Blood specimens preferred



Exome and Genome Sequencing

A Exome Sequencing:
I 25-35% diagnostic yietd
AHigher yield in consanguineous populatidns
AHigher yield in trio analysis vs. probaodly34
A Genome Sequencing:
I 21-41% diagnostic yietd

AUp to 5373% in critically ill infants and patients with
severe intellectual disability



Mitochondrial DNAMtDNA

A Mitochondria DNA: maternally inherited

T 16,569 DNA base pairs MATERNAL INHERITANCE OF MITOCHONDRIAL DNA MUTATIONS
I 37 genes (13 proteins, 2RNAS 2 by R el it il
rR N A e "Bottieneck Effect’ = |

A 1500+ genes involved in maintaining gy =7 e s T et
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I Remainder nuclear genes _;\ "é.f,_jf—ﬂ,\q ). i R T
A Mitochondrial disorders more PR e I

commonly due tawucleargenes variants
rather thanmtDNAvariants

I 80% of Leigh syndrome cases are caused
by variants in nuclear DNA

A MtDNA testing must be ordered
separately



Trinucleotide Repeat Disorders

A Genetic disorders caused by an expansion or contraction of a repetitive D
seqguence

A Detection requires separate testing methodology (PCR or Southern Blot)
A Require separate testing from cytogenetics and molecular in most cases

‘ TRD Mode of inheritance Repeats involved Examples of presentation
Dentatorubral-pallidoluysian Autosomal dominant CAG=49 Symptom onset is variable and depends on trinucleotide repeat length;
atrophy Chromosome 12 can present with ataxia, dementia, depression, anxiety, chorea, etc.
Fragile-X syndrome X-linked dominant CGG>200 Intellectual disability, epilepsy, attention-deficit hyperactivity disorder,
autistic-like features
Friedreich’s ataxia Autosomal recessive GAA=70 Progressive ataxia, dysarthria, depression, etc.
Chromosome 9
Huntington’s disease Autosomal dominant CAG =40 Chorea, dementia, depression
Chromosome 4
Myotonic dystrophy Autosomal dominant CTG>50 Intellectual disability or psychiatric symptoms can occur but main
Chromosome 19 presentation is usually with muscle weakness, etc.
Spinobulbar muscular atrophy ~ X-linked recessive CAG=38 Progressive muscles weakness and atrophy, fasciculation, etc.
Spinocerebellar ataxia Autosomal dominant Various, depending on Vaniability in age at onset dependent on trinuclectide repeat
the subtype length. Psychosis and dementia can occur with some subtypes, but
progressive ataxia is the main presentation




DNA Methylation Disorders

A Imprinting: expression of genes in

Chromosome
Syndrome location

parentof-origin specific manner

I DNA Metr)ylatior]: epige,neti(,:
YINJ SN GKFG §dzNJ
G2FFE AYy 3TASYZ2YA

A Imprinting disorders: disorders of

DNA methylation causing dosage

Imbalances from methylation

defects

I Rarely parenbf-origin specific
gene variants

Beckwith-Wiedemann 11p15

syndrome
Prader-Willi syndrome 15g11-g12
Angelman syndrome 15g11-gi12
Silver-Russell syndrome  7p11-p13, 7g31-gter
Transient neonatal 6qg24

diabetes mellitus

PHP1b, Albright hereditary 20g13
osteodystrophy,
McCune-Albright
syndrome

Familial nonchromaffin 11g13
paraganglioma

Maternal and paternal 14
UPD14 syndromes

Maripalviratn. Imprinting disorders and ART. Fertil Steril 20009.




[ 2 X

A There are many types of genetic tests
4 No single test can evaluate for everything
& Even If all testing Is negative, the patient may

still have a genetic condition

A Technology limitations

A Limitations in knowledge of gene function,
mechanisms that impact gene function



Interpreting Genetic Test Results

AMutationc2 dzi RF SR GSNXNYH b2
A Zygosity

Heterozygousone variant identified

Homozygoustwo identical variants identified

Hemizygousone variant identified on the X chromosome |

niological males

A Phase:

I In cis two variants located on the same allele
I In trans two variants located on opposite alleles

A Compound heterozygous$wo different variants located on opposit
alleles of the same gene




Variant Classification

Scheme for Interpretation of Variants

ALMG 2015 guidelines: S-tier terminology system for vanant interpretation
. laboratonies may choose to have additional ters (e.q., sub-classification of VUS.), and this practice is not
considered mconsistent with these recommendabons.”

Variant score [IRNSERRREMNNN [Score=2| [Score=3| [Score=d] [Scoress] [Scerec6] [N

Intarpretation - Likely Renign Variant of Uncertain Significance --

WS, bt VLK, bt
Insight VU5 " ; ting
Commment ke nigr pathopenic



Variant Classification

Has this variant been seen before? In affected individuals? In a healthy cont
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. 2s741ses or:

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 clinice
management)


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

22011.2 Deletion Syndrome

METAPHASE FISH INTERFRETATION:
POSITIVE for chromosome 22g11.2 microdeletion (D22575)

CY¥TOGENETIC INTERPRETATION:
46.2Y, del(22)(g11.2q11.2)

Comments:

Chromosome analysis of PHA stimulated cultures demonsirated a male karyotype with a cryplic chromosome 22011.2 microdeletion. The deletion
was identified in all cells by FISH studies targeting the D22575 locus.

Fhenotypic findings associated with 22g11.2 deletion syndrome (aka DiGeorge or velo-cardio-facial syndrome) are variable and may include cardiac
anomalies, immune deficiency due fo thymic hypoplasia, learning difficuities, and increased risk for schizophrenia.

MICROARRAY RESULT: 255MB INTERSTITIAL DELETION OF 220Q11.21->22Q11.21
INTERPRETATION: 220Q11.21 MICRODELETION SYNDROME

arr[hgl9] 22gq11.21(18,916,827-21,465,659)x1

T'he whole genome SNP microarray (Reveal) analysis identified an
interstitial deletion of the chromosomal segment listed above. This
interval includes numerous OMIM genes associated with DiGeorge (DGS)
Jelocardiofacial (VCF) syndromes [start:PRODH to end:SLC7A4].



22011.2 Deletion Syndrome

GENE VARIANT | ' ZYGOSITY © VARIANT CLASSIFICATION

TBX1 Deletion (Entire coding sequence) heterozygous PATHOGENIC

MICROARRAY RESULT: 255MB INTERSTITIAL DELETION OF 22011.21->220Q11.21
INTERPRETATION: 2201121 MICRODELETION SYNDROME

arr[hgl9)] 22gq11.21(18,916,827-21,465,659)x1

T'he whole genome SNP microarray (Reveal) analysis identified an
interstitial deletion of the chromosomal segment listed above. This
interval includes numerous OMIM genes assoc d with DiGeorge (DGS)
Velocardiofacial (VCF) syndromes [start:f o end: SLC7A4]




Trisomy 21

MICROARRAY RESULT: GAIN OF CHROMOSOME 21

Ry

N e

INTERPRETATION: TRISOMY 21

arr(21)x3

m

The whole genome SNP microarray (Reveal) analysis identified three
copies of chromosome 21, consistent with trisomy 21 and a diagnosis of
Down syndrome. Clinical features of Down syndrome include hypotonia,
round flat face, epicanthal folds, small ears, cardiac defects, and
intellectual disability.

No other DNA copy number
detected within the present
recommended.

changes or copy neutral ROH were
reporting criteria., Genetic counseling is
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AtaxiaTelangiectasia

‘GENE ©° VARIANT | B <. - ZVGOSITY T .7 VARIANT CEASSIEICATION:

Y L NY o S ey T L S = . . . ce e R i e

- ATM c.381del (p.val128%) heterozygous PATHOGENIC I
| ATM c.3G>A (p.Met1?) heterozygous PATHOGENIC |



Importance of Informed Consent

A Unexpected findings:
I Microarray, Exome/Genome: Parental consanguinity
I Trio/Parental testing: Noipaternity or normaternity
i Fragile X: Risk of identifyipgemutationallele (risks for FXTAS and/or POl in
patient/parent)
A Variants of Uncertain Significance (VUS):
i wSadzZ da y2i lftglrea WLRAAIGADSQ 2N Wy
I Exome/Genome or large panels: Genes of uncertain significance (GUS) or
Candidate genes



Importance of Informed Consent

A Negative results do not rule out possibility of genetic etiology
i b2 GSad t2214a F2NJ WSOSNRGKAY3IQ
A Exome/Genome: Secondary Findings (ACMG81)

I Adultonset, medically actionable conditions

I Federal Genetic Information Nondiscrimination Act of 2008 (GINA): Protection
for health insurance, not life, lorigrm care, disability policies

i Florida Genetic Information for Insurance Purposes (HB 1189): Protection for lif
and longterm care insurance



Importance of Informed Consent

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

A In Florida, legal ramifications for
obtaining sample for DNA analys
without consent of patient or

guardian (HB 833

(3) It is unlawful for a person to willfully, and without express consent, submit another person’s
DNA sample for DNA analysis or conduct or procure the conducting of another person's DNA analysis.
A person who viclates this subsection commits a felony of the third degree, punishable as provided
ins. 775.082, s. 775.083, or 5. 775.084.

The 2022 Florida Statutes (including 2022 Special Session A and
2023 Special Session B)

Title XLIV Chapter 760 View Entire
CIVIL DISCRIMIMNATION IN THE TREATMENT OF PERSONS; Chapter

RIGHTS MINORITY REPRESENTATION

760.40 Genetic testing; definitions; express consent required; confidentiality; notice of

use of results.—

(1) As used in this section, the term:

(a) “DMA analysis” means the medical and biological examination and analysis of a person's DNA
to identify the presence and composition of genes in that person’s body. The term includes DNA
typing and genetic testing.

(b) “DMAsample” means any human biological specimen from which DNA can be extracted or
the DNA extracted from such specimen.

(c)  “Exclusive property” means the right of the person whose DMA has been extracted or
analyzed to exercise control over his or her DNA sample and any results of his or her DNA analysis
with regard to the collection, use, retention, maintenance, disclosure, or destruction of such
sample or analysis results.

(d) “Express consent™ means authorization by the person whose DNAis to be extracted or
analyzed, or such person’s legal guardian or authorized representative, evidenced by an affirmative
action demonstrating an intentional decision, after the person receives a clear and prominent
disclosure regarding the manner of collection, use, retention, maintenance, or disclosure of a DNA
sample or results of a DNA analysis for specified purposes. A single express consent may authorize
every instance of a specified purpose or use.

(2) Except as provided in s. 817.5655, a person or entity may only perform DNA analysis with
express consent. The results of such DNA analysis, whether held by a public or private entity, are
the exclusive property of the person tested, are confidential, and may not be disclosed without
express consent. Such information held by a public entity is exempt from the provisions of s.
119.07(1) and s. 24(a), Art. | of the State Constitution.

(2} A person who performs DNA analysis or receives records, results, or findings of DMA analysis
must provide the person tested with notice that the analysis was performed or that the information
was received. The notice must state that, upon the request of the person tested, the information
will be made available to his or her physician. The notice must also state whether the information
was used in any decision to grant or deny any insurance, employment, mortgage, loan, credit, or
educational opportunity. If the information was used in any decision that resulted in a denial, the
analysis must be repeated to verify the accuracy of the first analysis, and if the first analysis is
found to be inaccurate, the denial must be reviewed.

History.—s. 1, ch. 92-101; 5. 10, ch, 93-204; 5. 1, ch. 94-90; 5, 420, ch. 96-406; 5, 1795, ch. 97-10%; 5. 15, ch, 98-251;
5. 7, ch. 2001-127; 5. 40, ch. 2005-39; . 3, ch. 2009-150; . 2, ch. 2021-216.



In summary

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

A Many genetic tests are available

A Interpreting genetic test results can be
complex

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

A When in doubt, consult Genetics!




QUESTIONS?






