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Genetic testing

an array of techniques including analysis of human DNA, RNA or
protein

used as a health care tool to detect gene variants associated with a
specific disease or condition, as well as for non-clinical uses such
as paternity testing and forensics

genetic tests can be performed to confirm a suspected diagnosis
to predict the possibility of future illness,

to detect the presence of a carrier state in unaffected individuals
(whose children may be at risk)

to predict response to therapy

to screen fetuses, newborns or embryos used In In vitro fertilization
for genetic defects



What are the different types tests?

Diagnostic testing

Predictive and pre-symptomatic genetic tests
Carrier testing

Prenatal testing

Preimplantation testing

Newborn screening

Pharmacogenomic testing

~orensic testing

Research genetic testing




Types of Genetic Tests

e Chromosome

 DNA:
— Single gene testing
— Panel testing

— Large-scale genetic or genomic testing
« Exome sequencing
« Genome sequencing



Genetic testing

DNA

RNA
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Protein
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Undiagnosed
Mendelian
disorder cases

l

RNA-
seq

~20,000 genes ~20,000 genes ~12,500 transcribed genes
(68% OMIM disease genes)

Variant calling

................ [ T e e

~30,000 variants ~3 million variants ~60,000 splice variants
~12,500 expression levels
~7,000 MAE variants

Variant prioritisation

25%-50% 40% 10%-35%
Solved Solved Solved
by WES by WGS by RNA-seq*




Pathogenicity assessment of novel or rare variants

Segregation analysis and family history

Populational data:genome
databases

B/LB

Functional data:in vitro and in
vivo

Prevalence of disease

Computational analysis

Prediction: Classification: Proband’s phenotype
SIFT VarSome

Mutationtaster Intervar

CADD

Franklin.genoox
PolyPhen2 J

Pathogenic
Likely pathogenic
Uncertain Significance
Likely benign
Benign




Types of Genetic Test Results

e Positive

— the test found a genetic change known to cause
disease

* Negative

— the test did not find a genetic change known to cause
disease

 Uncertain

— a variant of unknown or uncertain significance means
there 1sn’t enough information about that genetic
change to determine whether it is benign (normal) or
pathogenic (disease causing)

Create patient awareness of benefits and harms



What are the benefits and drawbacks?

Benefits
— Dbeneficial whether the test identifies a mutation or not
— test results serve as a relief, eliminating some of the uncertainty surrounding their health.

— help doctors make recommendations for treatment or monitoring, and give people more
information for making decisions about their and their family's health

— help people to make informed choices about their future, such as whether to have a baby.

Drawbacks:
— Some genetic tests are expensive, and health insurance might only cover part of the cost.

— can be difficult financially or emotionally to find out your results

« Learning that you or someone in your family has or is at risk for a disease can be scary. Some
people can also feel guilty, angry, anxious, or depressed when they find out their results.

« discrimination based on their genetic test results
Limitations of testing
— cannot tell you everything about inherited diseases

— apositive result does not always mean you will develop a disease, and it is hard to predict
how severe symptoms may be



Ethical Issues and Risks

Information is familial (non-individualistic): This raises privacy
ISSues

Implications for reproduction: Effects on future generations
Emotional impact and Psychological harm

Predictive value of test results may be limited

Value of genetic information

Association with stigmatization

Detection of non-paternity: Effect on family members and
relationships

Insurance, employment, emigration discrimination



 Pedigree drawing and routine tests and
evaluations

» Make a suspected clinical diagnosis
— Rare disorders

* How to order a genetic test
— Karyotype or NGS?



When Should Genetic Testing be Considered for
Children?

Consider the age of onset of the condition
and

Are there any effective interventions?
and

Can the test can be adequately interpreted?

ASHG/ACMG Report. Am J Hum Genet 57:1233, 1995



Autonomy

Yes.
I’ve decided not
to be tested.

Have you
thought about whether

you want to take
the genetic test?

A person’s right to choose freely, based on
adequate information, without coercion



Beneficence

-

It’s scary to
know that | have
such a high risk

of colon cancer.

Your risk can
be greatly reduced
with regular
screening and
removal of polyps.
/

Acting to improve patient welfare



Diagnostic Testing

» Based on physical signs and symptoms
« Medical history, family history
* Type of genetic test



How do we “look” at the DNA sequence?

Sanger Sequencing
RFLP analysis
WES

Probes
— Dot blot
— Microarray

 Gel electrophoresis
* PCR

-Karyotype

*FISH

*‘MLPA

Real time PCR
Fragment analysis
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* Beta thalassemia
— _IBB S lo E5
: : & sl Sl
— Point mutations Todgs S5 pli 53 4 ooy ax
* Alpha thalassemia
— HBA

— Large deletions
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— HBA
— Large deletions
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Fragile X syndrome

« Most common hereditary cause of mental disability In
boys
« Dynamic mutations: repetitive CGG trinucleotide

* The diagnosis of fragile X syndrome is confirmed by
molecular genetic testing of the FMR1 gene. Molecular
genetics, rather than cytogenetics, are now used to
diagnose FXS
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Metachromatic leukodystrophy

» Arylsulfatase A enzyme
* biallelic ARSA pathogenic variants



2O S 90 9,8l S Q‘L%Loﬂ 0 &Sl basg b 0@9.@)’-‘
5 oM g el Il SLelS 5,3 Cool oad g ARSA 5
Sl Jloji 00900 )3 oo jLlal g o)) w3l (S g 9505 (Lo
539 BBUWES )b 5L 5 9l (g 2 loaze |, ARSA

DS oy 10,8
Family affected by MLD: é,_
T 3 |4 5

112: IVSII+1G>A and c¢.22_23delGA

I\VVSI1+1G>A pathogenic
c.22_23delGA pathogenic
] O:




MLPA & b I Rett s o oo, p Lkt oKioloyl @

— Mutations in MECP2 are found in the majority of
classic RTT cases (missense, nonsense, and
frameshift mutations)

— Large deletions/duplications
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Direct-to-consumer testing

« A person learns about a private company offering
genetic testing for Huntington disease

* He/She does not need a health care professional to
order this test for his/her

Is this a good thing or bad thing?



