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Summary. Background and aim: Congenital heart disease (CHD) affects close to 1% of all live births and is
considered as the main reason for morbidity and mortality in early childhood. In this study, we aimed to inves-
tigate molecular genetic factors associated with Tetralogy of Fallot (TOF), using high throughput technolo-
gies in the consanguineous families with at least two affected individuals. Mezhod: This family study started
from March 2017 to May 2019, in the pediatric cardiovascular research center, Cardiovascular Research
Institute, Isfahan, Iran. Families with consanguineous marriage who had at least two patients in pedigree
were invited to attend. Genomic DNA was extracted from peripheral blood lymphocytes of the patient and
samples were investigated for variations such as deletion or duplication in the genome, using single nucleo-
tide polymorphism array (SNP array). In the next step, if the SNP array was negative, the next generation
sequencing (NGS) was performed in the probands. The raw data was analyzed and filtered to identify the ge-
netic cause of the disease. Resu/ts: In this study, total five families were evaluated. All affected and unaffected
individuals of each family included in the pedigree. Fourteen subjects, 9 males and 5 females, 8.92+6.21 years
old were included. The prevalence of consanguineous marriage was 92.2% among parents, 71.4% among ma-
ternal grandparents and 28.6% among paternal grandparents. Almost, 64.3% of our participants had a sibling
with a similar disease. The prevalence of Atrial Septal Defect (ASD), Ventricular Septal Defect (VSD), and
arrhythmia and TOF was 7.1%. Conclusion: We found some families with two or more CHD cases and with
high rate of consanguineous marriage, having a genetic predisposition. In the next step, high throughput tech-
niques such as NGS and SNP-array was performed in order to find any genetic variation. Functional study
will be done, to confirm and determine the role of the identified variants in the function of genes involved in
disease phenotype. (www.actabiomedica.it)
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Introduction cause of morbidity and mortality in early childhood
(1). CHD explains a number of unusual problems af-

Congenital heart disease (CHD) affects almost ~ fecting the heart, including defects in the structure of

1% of all live births and is considered as the main the heart, arrhythmia, and cardiomyopathy. CHD is
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divided into two groups of cyanotic and non-cyanotic
(2). Tetralogy of Fallot (TOF) is the most common
form of cyanotic CHD, affecting ~3 per 10.000 new-
borns, and accounts for about 7 to 10% of CHD (3).
Population studies recommend a substantial familial
recurrence risk in sporadic and non-syndromic TOF
(4). Family studies showed that 80% of ‘sporadic’
CHD cases might have a significant, complex genetic
condition or a single nucleotide polymorphism (SNP)
(5). Therefore, 20% of remaining CHD occur by chro-
mosomal abnormalities or multisystem malformation
syndromes (6). Many published papers insist on the
critical role of some genetic and environmental factors,
such as maternal diabetes, gestational Rubella (or other
viral diseases), dietary nutritional deficiencies during
pregnancy, use of alcohol during the pregnancy, preg-
nancy after 40 years, and mothers with phenylalanine
deficiencies. However, it seems that genetic factors
have the most important effects (7). In the past, only
genetic screening has been conducted for common
genes in heart disease, but nowadays, with develop-
ment of the next generation sequencing (NGS), these
limitations have been fainted. Previous genome-wide
association studies (GWAS) assessed the relationship
between common SNP and CHD risk (8-14). In this
study, our goal was to investigate molecular genetic
factors associated with TOF, using high throughput
technologies in the consanguineous families with at
least two affected individuals with CHD.

Materials and Methods

This family study started from March 2017 to May
2018 in Pediatric Cardiovascular Research Center,
Cardiovascular Research Institute, Isfahan University
of Medical Sciences, Isfahan, Iran. The study protocol
was approved by the Ethical Committee of Cardio-
vascular Research Institute. After describing the study
protocol for subjects, the written consent was signed.

Inclusion criteria
Families who had one patient with non-syndro-

mic TOF, and at least one more affected with CHD in
pedigree was included. CHD refers to a range of pos-

sible heart defects such as Atrial Septal Defect (ASD),
Ventricular Septal Defect (VSD), Patent Ductus Ar-
teriosus (PDA), Pulmonary Stenosis (PS). All subjects
with non-syndromic TOF have the same phenotype

of the disease.
Exclusion criteria

Single-case CHD in the family, Patients with
a known syndrome or metabolic disease leading to
CHD and Heart valve regurgitation stated as exclu-
sion criteria.

Considering the inclusion criteria, patients were
referred from the clinics of the pediatric cardiologists
to the genetics department of Isfahan Cardiovascular
Research Center for genetic counseling and blood col-
lection. For subjects who suffer from TOF, echocardi-
ography, ECG and cardiac catheterization were per-
formed or their previous data were reviewed. Eligible
patients underwent genetic counseling and advised by
their respective physician. personal and familial history
of each individual was fully investigated. The pedigree
was drawn and the number of afflicted and healthy in-
dividuals were located in this.

Sample collection: Up until now, we investigated
five families. First, we look through each patient’s doc-
uments and separated the families, according to our
inclusion criteria. In the second step, the families were
called out, asked for genetic counseling and advised to
do genetic tests without paying the cost. Some coop-
erated in a very good manner; however, some families
rejected our suggestion. In the next step, pedigree was
designed for the families with the affected members.
Questions were asked about the medical history of the
patients and the mother during the pregnancy, such as
diabetes and other environmental factors. Ten ml of
venous blood were obtained in EDTA-containing tube
for DNA testing.

DNA Extraction

Genomic DNA was extracted from peripheral
blood lymphocytes of the patient by salting out meth-
od (15). The quality and quantity of the DNA sample
were measured, using a NanoDrop spectrophotometer
(Thermo Fisher Scientific Inc, Waltham, MA). For ge-



Determining genetic variants in children and adolescents suffering form TOF

netic testing 3 pg DNA of each sample was used. Se-
lected high throughput technologies depending on the
study was performed by The Omid Generation Center
in Tehran (Iran).

Data Analysis

Data were analyzed for investigating disease-
causing variants using SNP array. In the next step,
if SNP array was negative, whole exome sequencing
(WES) was performed in probands. After analyzing
and filtering the data for investigating rare pathogenic
variants, co-segregation analyses were performed, if
disease-causing variant was found in pedigree.

Results

In this study, total five families were evaluated.
All affected and unaffected individuals of each family
included in the pedigree. This study comprised 5 rela-
tively large families who had totally14 patients with
TOF (9 males and 5 females; 8.92+6.21 years old).

Baseline characteristics and clinical data of the
study subjects are presented in Table 1. The prevalence
of consanguineous marriage was 92.2% among par-
ents, 71.4% among maternal grandparents and 28.6%
among paternal grandparents. In total, 64.3 % of our
participants had a sibling with a similar disease.

Family 1: The phenotypes of two probands (V:5
and V:8) are somewhat different, so the question is if
we will find the same genetic defect in both patients.
So, SNP array is the best approach in all available indi-
viduals (8 in total) and WES in the 2 affected patients
(V:5 and V:8).

Family 2: For the second family, SNP array was
performed in all available individuals (4 in total).

Family 3: In the third family, targeted NGS for
cardiomyopathy was performed to exclude known
causes of DCM or 2) WES was performed for the af-
fected boy (proband).

Family 4: SNP array was performed for all avail-
able individuals (5 in total). Cardiomyopathy NGS

panel was run for the probands.

Table 1. Demographic and clinical characteristics of partici-
pants

Characteristics
Gender (%)
Female 35.7
Male 64.3
Mean age (Mean (SD)) 8.92+6.21
Age at the first referral (%)
< 2 years, 78.6
2-7 14.3
7-12 7.1
(%)Consanguineous marriage
Grandparents (maternal) 71.4
Grandparents (paternal) 28.6
Having sibling 64.3
ASD 7.1
(%) The cause of the first visit
History of sudden death in low age in the 50
family
(%)History of disease in pedigree
Coronary heart disease 7.1
Favism 7.1
Arrhythmia 7.1
TOF is going to be operated 14.3
TOF after surgery 50.0
TOF without surgery 7.1
Other disease in Patents
(%)Lifestyle habits in mother (during pregnancy)
(%)Alcohol drinking 0
(%)smoking 7.1
(%)Disease during Pregnancy
Gestational diabetes 7.1
Viral infection 0
Pharmacological treatment during pregnancy | O

ASD: Atrial septal defect, VSD: ventricular septal defect, TOF:
tetralogy of Fallot
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Family 5: SNP array was performed for all avail-
able individuals (3 in total), and cardiomyopathy panel
NGS or WES were run for the affected girl.
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Discussion

With the rapid growth of technology, many ap-
proaches had been used to find the disease-causing
genes, such as SNP array, targeted NGS, and WES.
Targeted NGS suggests opportunities for genetic test-
ing and is able to examine large amounts of genetic
data precipitously. Targeted NGS to be additional
clinically useful than whole exome sequencing, due to
speeder turnaround time (reduced sequencing volume
and related data analysis), better and more consistent
coverage, in addition to avoiding incidental findings.
In recent years, many investigators have published re-
ports on gene mutations, determined by targeted se-
quencing, for many genetic diseases. If there are other
people in the family, their phenotypes should be within
the same range of structural abnormalities of CHD. To
the best of our knowledge, this study is the first study
performed in Iran on CHD, with the priority of TOF
patients, using the NGS technique.



Determining genetic variants in children and adolescents suffering form TOF

Limitations: At the first level, this study had sev-
eral limitations.

NGS studies still considered as the most expen-
sive studies, so the sample size was limited. Therefore,
in this family study, we objectively have focused on one
phenotype instead of collecting different phenotypes.
The next problem was the accessibility of the biopsies,
which was limited for some phenotypes.

Conclusion

This study is the first in our region, to examine
the large amounts of genetic data precipitously. high
throughput techniques such as NGS and SNP-array
helps us to better understand the genetic defect in sub-
jects, suffering from TOF. To determine the effect of
the identified variants or probably new genes, we will
do functional study such as making a mouse model as
long as we find a novel gene in our families in further
studies.
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