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Milan

A total of 5.000 sq. m of laboratory surface area 

2 headquarters logistics optimization

Rome



100
collaborators

100.000 
tests every year

1.500
different genetic 
exams

2.000 clients

20
application areas

Let's give the numbers!

20 years of Genoma!
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Levels of DNA organization in 
the nucleus

Euploid organism

46 chromosomes

23 maternal copies +

23 paternal copies



Human karyotype

Autosomes
Heterosomes



Gene structure

Exon= coding 
sequence in a gene

Intron= non-coding 
sequence in a gene



DNA structure



Nucleotide structure



Pairing of nitrogenous bases
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Polymorphisms and mutations

Stable DNA variations

Polymorphisms
Genetic variation with at least 1% frequency 

in the population
Responsible for genetic variability

Mutations
Responsible for genetic diseases



Homologous chromosomes
Same genes can bring different information

There are two alleles for each locus

Alleles are the same

Alleles are different

Alleles: Different forms of the 
same gene, control the same 
character, possible different 
products

Maternal

Chromosome
Paternal 

Chromosome

Homozygous

Heterozygous



The "central dogma" of biology

construction of the 
polypeptide chain

DNA information transfer through the RNA 
synthesis

Translation

Transcription

Duplication

Proteins



Consequences of a variation

Codification

Macromolecules with precise 
biological functions(ex. 

Metabolism, cell signaling, 
structural functions) 

Protein



Qualitative and quantitative variations

 Qualitative variations: the protein is produced in the 
right amount but has a reduced or no biological 

functional capacity

 Quantitative variation: the protein is produced with 
the right biological functional capacity but in a 

reduced amount



A practical example

LTC coding for lactase, when both variations are present in 
homozygous, the enzyme is produced in a reduced amount and 

is not sufficient to properly digest lactose 



Naming the mutations according to 
the involved cells

Somatic:

will manifest themselves if they are dominant, and 
they occur during growth in some parts of the body

They are NOT transmissible to progeny

Germinal: 

they involve gametes and therefore ARE inheritable 



Denomination of genetic alterations 
according to dimensions

Genes (point): one or more nucleotides

Chromosomic: one or more chromosomes

Genomics: entire genome



Point mutations

Silent: they do not change the amino acid sequence 
produced



Result: no change in amino acid sequence

Translation

Transcription

Polypeptide

Mutation at position 12 in DNA: A instead of C

DNA 
template 

strand



Point mutations

Missense: the change of the base causes the change of 
an amino acid within the protein (missense) 

Polypeptide

Result: amino acid change at position 5 : Val instead of Asp

Mutation at position 14 in DNA: A instead of T

DNA 
template 

strand

Translation

Transcription



Point mutations

Nonsense: a stop codon is formed on the mRNA and 
the protein is shorter than normal

Polypeptide

Result: only an amino acid is translated; no functional protein is 
produced  

Translation

Transcriprion

DNA 
template 

strand

Mutation at position 5 in DNA: T instead of C



Point mutations

Frameshift (Ins/Del): the insertion of a pair of bases leads to 
an out of sync reading of the genetic code downstream of the 

mutation

Polypeptide

Result: all amino acids changed beyond the point of insertion 

DNA template 
strand

DNA 
template 

strand
Transcription

Translation

Mutation by insertion of T between bases 6 and 7 in DNA



SNP

Single nucleotide polymorphisms

Natural SNPs are associated to:

Biodiversity

Genetic variability

Ability to adapt



Genetic tests and variations on DNA

A genetic test is able to detect 
whether there is, on one or 

both alleles, a known variation 
of a nucleotide

The genetic test 
reveals whether 

the variation is 
present in 

homozygous or 
heterozygous
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Heredity

The mutations in the germ cells are heritable

Gametogenesis

Oogenesis Spermatogenesis



Example of a test that reveals 
hereditariness

Dilated cardiomyopathy(DCM)

Characterized by cardiac dilation and reduced systolic 
function

DCM is the most common form of cardiomyopathy 
and represents more than half of all transplanted 
heart disease done in patients between 1 and 10 

years . An inherited model is present in 20 to 30% of 
cases. Autosomal dominant usually presents in the 

second or third decade of life

European Journal of Human Genetics (2010) 18, 1160–1165; doi:10.1038/ejhg.2010.83; published online 16 June 2010
Familial neonatal isolated cardiomyopathy caused by a mutation in the flavoprotein subunit of succinate dehydrogenase
Aviva Levitas1,2,8, Emad Muhammad1,3,8, Gali Harel1,3,8, Ann Saada4, Vered Chalifa Caspi5, Esther Manor1,6, John C Beck7, 
Val Sheffield7 and Ruti Parvari1,3,5

https://www.nature.com/ejhg/journal/v18/n10/full/ejhg201083a.html#aff1
https://www.nature.com/ejhg/journal/v18/n10/full/ejhg201083a.html#aff2
https://www.nature.com/ejhg/journal/v18/n10/full/ejhg201083a.html#note1
https://www.nature.com/ejhg/journal/v18/n10/full/ejhg201083a.html#aff1
https://www.nature.com/ejhg/journal/v18/n10/full/ejhg201083a.html#aff3
https://www.nature.com/ejhg/journal/v18/n10/full/ejhg201083a.html#note1
https://www.nature.com/ejhg/journal/v18/n10/full/ejhg201083a.html#aff1
https://www.nature.com/ejhg/journal/v18/n10/full/ejhg201083a.html#aff3
https://www.nature.com/ejhg/journal/v18/n10/full/ejhg201083a.html#note1
https://www.nature.com/ejhg/journal/v18/n10/full/ejhg201083a.html#aff4
https://www.nature.com/ejhg/journal/v18/n10/full/ejhg201083a.html#aff5
https://www.nature.com/ejhg/journal/v18/n10/full/ejhg201083a.html#aff1
https://www.nature.com/ejhg/journal/v18/n10/full/ejhg201083a.html#aff6
https://www.nature.com/ejhg/journal/v18/n10/full/ejhg201083a.html#aff7
https://www.nature.com/ejhg/journal/v18/n10/full/ejhg201083a.html#aff7
https://www.nature.com/ejhg/journal/v18/n10/full/ejhg201083a.html#aff1
https://www.nature.com/ejhg/journal/v18/n10/full/ejhg201083a.html#aff3
https://www.nature.com/ejhg/journal/v18/n10/full/ejhg201083a.html#aff5


Epigenetics

Is the set of factors that are not written in our DNA, 
but that are able to “give instructions” about which 
genes express or silence



In summary

Tests about inherited pathologies help in the correct 
management of the patient and his first and second 

relatives, whether the test is positive or negative
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Inherited cardiomyopathies

Inherited heart diseases are characterized by a 
marked genetic and allelic heterogeneity; therefore, 
they require extensive sequencing for their genetic 
characterization.

The growing knowledge of genetics of 
cardiomyopathies reduces diagnosis time, improves 
morbidity and mortality



Inherited cardiomyopathies

It summarizes the guidelines and the characteristics of the 5 
principal forms of inherited Cardiomyopathies:
✓ Dilated cardiomyopathy (DCM)
✓ Hypertrophic cardiomyopathy (HCM)
✓ Arrhythmogenic right ventricular cardiomyopathy (ARVC)
✓ Restrictive cardiomyopathy (RCM)
✓ Left ventricular non-compaction (LVNC)



Inherited cardiomyopathies

IMPORTANT: genetic test!
BUT there are many other equalization factors that influence the 
manifestation of the pathology



Genetics and other factors 

Pathologies like cardiomyopathies are the result of the 
interaction of several genes, factors that may influence genetic 
expression and environmental factors. But the understanding 
of genetics in the first place is essential for better diagnosis 
and better therapies.



Genetics and other factors

1 / 2- Epigenetic mechanisms: cell with = 
DNA differentiates (acetylation, 
methylation)
3 - Genetic Factors: Variations in the DNA 
sequence

Random variants + modifier genes: act in 
genetic cardiomyopathies

MYh7 variant for hypertrophic 
cardiomyopathy (HCM), Mendelian 
inheritance



Genetics and other factors

The interaction network between 
genes around 5 query genes for 
HCM (MYH7, MYBPC3, TNNT2, 
TNNI3, TPM1)



Genetics and other factors

Fetotipo

Cardiomyopathy, dilated, 1S

Cardiomyopathy, dilated, 1MM

Cardiomyopathy, dilated, 1D

Cardiomyopathy, dilated, 2A

Cardiomyopathy, dilated, 1Y

Cardiomyopathy, dilated, 1G

Cardiomyopathy, dilated, 1A

Cardiomyopathy, dilated, 1

Atrial septal defect 3

Cardiomyopathy, dilated

Genes commonly implicated in HCM & DCM in descending frequency order

% of HCM associated with the mutation of this gene

% of HCM associated with the mutation of this gene

Proteins name



Characteristics functional alterations generated by mutations
associated with the disease, are strictly related to clinical
characteristics: Ca increase/decrease, muscle contraction

Inherited cardiomyopathies



Mutations in Z-disk component detected in HCM and DCM 
may provoke the sarcomere stiffness increase and decrease 

Mutations in other components of cardiac muscle have 
suggested that the metabolic stress altered response is 
associated with cardiomyopathy

 heterogeneity in etiology and pathogenesis of 
cardiomyopathy.

Inherited cardiomyopathies



50 000 people in Italy every year1

350 000 people in the USA every year1

1. Data from European Society of Cardiology-ESC_London 2015

In the majority of patients who die suddenly, fatal arrhythmias are 
the first sign of heart disease

Sudden cardiac death



Up to 30% of young SCDs, no cause of death is 
identified in post-mortem (the so-called negative-
autopsy death syndrome)

Sudden cardiac death



The most important challenge for cardiology is 
to identify subjects at risk before the event:

primary prevention 
of sudden death

Sudden cardiac death



2. Priori SG, Blomström-Lundqvist C, Mazzanti A, et al. 2015 
ESC Guidelines for the management of patients with ventricular arrhythmias and the prevention of 
sudden cardiac death.

The new guidelines of European Society of 
Cardiology2 for the prevention of sudden cardiac 

arrest, have updated diagnosis criteria by 
promoting the use of genetic analysis

Multiple genetic analysis:
Molecular cardiology
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CardioScreen® is a genetic test, 
developed by GENOMA Group, 
available in two versions:

CardioScreen-Cardiomyopathies®

CardioScreen-Prevention of 
sudden cardiac arrest®



✓ Long QT syndrome (principal cause of sudden death) AKAP9, 
CALM1, KCNE1, KCNE2, KCNH2, KCNJ5, SNTA1, 

✓ Brugada syndrome (sudden death) CACNA1C, CACNB2, GPD1L, 
HCN4, KCND3, KCNE3 

✓ CPVT (catecholaminergic polymorphic ventricular tachycardia) 
(sudden death) DSC2, DSG2, DSP, Jup, PKP2, RYR2, TGFB3, 
TMEM43

✓ HCM (hypertrophic cardiomyopathy)

Examples of genetically investigated 
cardiomyopathies:



Indications

Both tests are recommended for those who know about a case of 
sudden cardiac death in their family (included sudden infant death), 

heart failure or transplant, which suggest inherited cardiac pathological 
substratum. 



Both tests are useful to arrange prevention strategies so that 
unexpected serious events do not occur and do not affects members of 

the same family.

Clinical usefulness



Furthermore is particularly useful as a prevention instrument in 
case of:

✓ Professional or amateur agonistic activity, also for individuals
with no familiarity

✓ Young individuals (younger than 40 years) with idiopathic
cardiac symptomatology

✓ Children and teenagers with a suspect clinical picture for QT
anomalies or cardiac rhythm

Clinical usefulness



ATHLETES

A STRONGLY 
RECOMMENDED 
TEST FOR 
ATHLETES because 
during intense 
effort is possible a 
worsening of 
unknown 
structural or 
genetic cardiac 
pathologies

Clinical usefulness: the athlete



How is it the test done?

The taking of a haematic sample

By means of a complex laboratory analysis, the DNA 
is isolated from nucleated cells and amplified by C-
reactive protein (CRP) technique. Later, thanks to 
an innovative technological process of massive 
parallel sequencing (MPS), which employs Next 
Generation Sequencing (NGS) techniques using 
ILLUMINA sequencers



Sequencing of:

43 genes (exons and adjacent intragenic regions)
connected to inherited cardiomyopathies 
CardioScreen-Cardiomiopatie®

157 genes (exons and adjacent intragenic regions)
connected to inherited cardiac pathologies 

correlated to sudden cardiac arrest 
CardioScreen-Prevention of sudden cardiac arrest®.

How is the test done?

Advanced bioinformatics analysis
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The report consists of two parts

➢ Instrument output

➢ Interpretative technical report



Instrument output: the report



How to read the report

Result



How to read the report

Constitutional 
anomalies present in 
all cells.
They have 
pathogenetic but 
unclear role



Introduction
+
For whom is 
indicated
Test benefits
How it is done
Achievable results
Accuracy and limits

Interpretative 
technical report



Summarizing 
interpretative table



Bibliography



Results

POSITIVE 

Presence of one or more mutations:

it indicates the test has revealed one or more 
mutations of one (or more) related genes



Results

Mutations observed through CardioScreen® test can 
have:

✓ Known pathological meaning;
✓ Benign meaning, since they can be found in 

normal individuals and they are pathologically 
meaningless

✓ Pathological uncertain meaning, since they aren’t 
known or characterized from the scientific-medical 
community. 



Results

NEGATIVE 

Absence of mutations:
It indicates the test didn’t detect the presence of 
mutations in the analysed genes. 

Doesn’t mean the patient has zero risk. 

This because not all forms of cardiomyopathy and 
sudden cardiac arrest has to be connected to genetic 
causes.



Thank you!
www.cardioscreen.it

cattaneo@laboratoriogenoma.it

http://www.cardioscreen.it/

