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The new technologies have changed and are changing

genetic screening both 1) IN THE CLINICAL

and  2) IN THE RESEARCH SETTING



Molecular screening in clinical practice

Canadian Journal of Cardiology 2011Europace 2011
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The first human genome was sequenced in 2003
through Sanger Techniques and it took 13 years:
Human Genome Project in 1990-2003.



There are around 25.000 genes in our genome.

DNA encoding for proteins < 2%.

We still ignore what the vast majority of our DNA is doing.



Mutation Detection

Direct Sequencing

2005:  Next Generation Sequencing



High throughput sequencing
technology providing millions
of DNA sequences at once. It
lowers the cost of DNA
sequencing and allows to scan
ultrarapidly large sections of
DNA.

Next Generation Sequencing (NGS)



1000 Genome Project

International Research effort, launched in January 2008, with 
the aim of sequence the genome of 1000 individuals of 

different ethnicities. 



1000 Genome Project

Nature 2010



Nature 18 August 2016

http://exac.broadinstitute.org/



http://exac.broadinstitute.org/



NEXT GENERATION SEQUENCING

• Many more genes can be sequenced
simultaneously

• Reduction of time
• Reduction of costs
• Possibility to screen even very big genes



Molecular screening for CPVT: RyR2
Gene: 105 exons – Protein: 4967 amino-acid

To screen through traditional technology the entire gene
was too long (105 exons vs 59 exons to screen the 3 major
LQTS genes) and expensive.
The reimbursement for the screening we had from our
Region was far less than the cost we had only to cover
reagents.



As most of the mutations are located in 3 regions
of the proteins, we were using a two step
approach:

Molecular screening for CPVT: RyR2

So 57 exons (54% of the gene) were analyzed.



Through NGS the size of the gene is not a
problem any more: we are screening again
CPVT patients genotype-negative at the
traditional screening.

Molecular screening for CPVT: RyR2
Gene: 105 exons – Protein: 4967 amino-acid



Fam. CPVT M12

M.A. 14/08/1999 P.M. 06/09/2003

12 weeks miscarriage

M.E. 01/03/1964T.L. 09/02/1963

TL: Syncopal events during exercise from 12 to 36 years. At 36 years CPVT was
diagnosed and BB therapy started. No recurrences on therapy.

MA: Many syncopal events during exercise from 8 to 10 years. CPVT was diagnosed
and BB therapy started. No recurrences on therapy.

Two-step screening on RyR2: negative



Fam. CPVT M12

Complete screening of RyR2

Sanger Sequencing confirmation



N Engl J Med 2012



NGS allowed a complete screening of the
titin, a huge gene (363 exons, ~100 kb),
encoding for the largest human protein
(33.000 amino acids) .

Mutations altering full-length titin were
identified in 27% of pts with DCM, 1% of
pts with HCM and 3% of controls.



In the research setting next generation sequencing

means the possibility to perform whole-exome

sequencing or whole-genome sequencing to identify

new disease-causing genes not previously anticipated.





Crotti et al Circulation 2013



Whole Exome Sequencing
• Performed on the 2 probands and their parents
• Searched for novel variants

1. Not inherited (de novo)
2. Predicted to have deleterious effects

Proband 1 Proband 2

2

8

26
36

18,735

1

2

24
31

21,191 total coding variants

de novo

nonsynonymous

novel

Sanger validated

CALM1-D130G CALM2-D96V





CALMODULIN-DISEASE
Are new clinical entity responsible for
life-theratening arrhythmias mainly
occurring early in life, that can
manifest as CPVT, LQTS or IVF

CALMODULIN-REGISTRY
Established in 2015 and currently
enrolling 49 patients.





Patients with homozygous or compound heterozygous mutations in
Triadin gene (TRDN) displayed extensive T-wave inversions in
precordial leads V1-V4, with QT-prolongation, severe disease
expression of exercise-induced cardiac arrest in early childhood (< 3
years of age), and required aggressive therapy.



“Our ability to generate sequence data
currently outstrips our ability to interpret it
accurately.” Goldstein, Nature 2013



All available databases include heterogeneous
populations of individuals and therefore should be
viewed as a representative sample of the
population at large, containing both healthy and
diseased individuals and cannot be considered as
“pure” control populations for any given disease.

How many controls should be “allowed”?

It depends: - severity of the disease
- age of onset
- penetrance



"It is clear that a central challenge for the
field is developing appropriate statistical
criteria that incorporate disparate data
types in the interpretation of sequenced
genomes."

• Frequency in population
• Prediction tools (i.e. SIFT,

Polyphen2, Mutation Taster)
• OMIM
• Biological plausibility
• Expression in different tissues
• Human Genome Mutation

Database (HGMD)

Benign variant?
VUS?
Disease-causing
mutation?



• Diagnostic screening: - possibility to screen
simultaneously multiple genes, without a size
limitation.

• Research screening: - possibility to identify new-
disease causing genes without an a-priori hypothesis
(new mechanisms and pathways could be identified)

• Availability of genomic data of >60.000 individuals: -
improved our ability to discriminate between genetic
background and functional variant; - highlighted a
big grey area of variants of unknown significance.

Next generation sequencing improved:



THANK YOU!



Disease Diagnostic Prognostic Therapeutic

LQTS +++ +++ ++
CPVT +++ + -
BrS + + -
SQTS +/- - -
AF - - -
HCM +++ ++ +
ARVC + +/- -
DCM +/- - -

Impact of genetic testing for the proband



Cascade screening is always a class I indication, to allow 
the early identification of affected family members in 

which preventive strategies could be employed 



NEJM 2012

An incidental findings is the identification of a genetic defect
unrelated to the indication for ordering the sequencing but
of medical value for patient care.



How to manage and when to return incidental
findings?







174 genes: channelopathies and
cardiomyopathies and other inherited cardiac
condition.



Circ Cardiovsc Genet 2012

Interrogating the 1000 Genome Project
database, the titin gene appears to be very
polymorphic, with over 5% of the general
population having a 18bp in frame deletion in a
region that regulates extensibility of titin.



FROM A CANDIDATE GENE APPROACH TO
WHOLE-EXOME/WHOLE-GENOME SEQUENCING

In the candidate gene approach one or more
biologically plausible genes are screened in
a population of patients in which a disease-
causing mutation has not been identified in
known disease-genes.



However, many studies using a candidate gene
approach are not so robust:

1. Lack of genotype-phenotype correlation data
(identification in one or two sporadic cases)

2. Lack of adequate number of controls (100-200
controls!)

3. Functional studies performed in heterologous
expression system, creating condition that may
be different from those encountered in vivo



• Target screening of huge genes or of great number of
genes simultaneously

• In large families a preliminary linkage analysis could
be skipped

• Parent-child trios whole-exome sequencing analysis:
de novo mutations in unknown disease-genes

• Exome-sequencing may identify the disease-causing
gene even in families with small number of affected
individuals

With NGS new approaches for gene-
discovery have been proven to be possible:
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