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S u m m a r y. The review of the literature shows the research-
ers agreed that the occurrence of autism in monozygotic twins 
is twice as frequent as in dizygotic twins, indicating a high lev-
el of inheritance (60% -90%), and suggesting a less significant 
involvement of common environmental factors. Clinical and 
genetic heterogeneity of the disease is an important obstacle 
to correlate the genotype with the autistic phenotype, which in 
combination with the polygenic background makes linking the 
specific presence of clinical features to a single gene or even a 
set of genes very difficult.
K e y w o r d s: genetic factors, autism spectrum disorders

GENETIC FACTORS INVOLVED IN AUTISM 
SPECTRUM DISORDERS

In the last 15 years, the knowledge about the 
genetic background of autism has grown consider-
ably. In the earlier period, the most common re-
search strategy was the use of a quite controversial 

hypothesis, i.e. common disease-common variant, 
assuming that the polymorphisms frequently oc-
curring in the general population influence the phe-
notype (clinical symptoms) of common diseases 
[1]. Unfortunately, genomic-wide association stud-
ies (GWAS), which identify genetic risk factors of 
common diseases, found only a few common vari-
ants as more promising [1a]. Among other things, 
mutations of genes SHANK3, NRXN1, NLGN3, 
NLGN4X and CNTNAP2 have been linked to au-
tism [2, 3].

The opinions about the source of mutations 
responsible for the susceptibility to ASD are fluc-
tuating. Some sources emphasize greater involve-
ment of de novo mutation [27], others state that 
congenital factors, both rare and common gene var-
iants deserve more attention [21]. So far, no com-
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mon variants have been convincingly confirmed as 
predisposing to ASD, which may suggest that the 
rarest variants are responsible for the risk of de-
veloping this disease [22]. In particular, changes in 
the genes involved in synaptic conduction are most 
often cited in genetic and functional animal stud-
ies [58]. Some researchers present common genetic 
variants as more prominent in inheriting ASD [21]. 

Lack of significant success aside ambiguity 
of GWAS research is not limited to autism. De-
spite large financial funding for the methodology, 
the majority of genetic variations related to the risk 
of common diseases still remain unexplained. One 
of the more interesting discoveries regarding ASD 
was the identification of a common variant located 
between the 9th and 10th cadherin intergenic re-
gion, the discovery of particular importance in the 
context of the mechanism of neuronal conduction 
in which cadherin proteins play a particularly im-
portant role [4]. 

The co-existence of so-called monogenic 
diseases inherited according to Mendelian laws is 
observed in the course of ASD. It is recorded in 
about 10-15% of ASD cases. The most common 
monogenic diseases co-existing with ASD are 
fragile X syndrome (FMR1 gene), Rett syndrome 
(MECP2 gene), tuberous sclerosis (TSC1 gene), 
neurofibromatosis type I (NF1 gene), Cowden 
syndrome (PTEN gene), Joubert syndrome (AHI1 
gene), and Timothy syndrome (CACNA1C gene), 
as well as Smith, Lemli and Opitz syndromes 
(DHCR7 gene) [5, 6]. 

Also interesting is the fact that both ASD 
and intellectual disability (ID) occur together in a 
significant number of cases. Both diseases exhibit 
a high degree of heterogeneity, and appear to be 
closely related in biochemical and molecular terms. 
Approximately 70% of patients with ASD show 
some level of intellectual disorders while the re-
maining 30% have other disorders, and about 10% 
of patients with intellectual disabilities have autis-
tic symptoms [7].  

In 1997, the studies on twins provided first 
serious scientific evidence on the important role of 
genetic etiology [8, 9, 10, 11, 12]. The review of 
the literature shows the researchers agreed that the 
occurrence of autism in monozygotic twins is twice 
as frequent as in dizygotic twins, indicating a high 
level of inheritance (60% -90%), and suggesting a 
less significant involvement of common environ-
mental factors [12a, 13, 14, 15, 16].  

Other publications cite a lower percentage of 
genetic impact but a greater environmental impact 

[17, 18, 19, 20]. Therefore, the autistic phenotype 
can be attributed to the significant impact of ge-
netic conditions, and the indirect impact of envi-
ronmental factors. A more general statement that 
autism is a complex disease consisting not only in 
the interaction of genes with each other, but also 
the interaction of genes with other non-genetic fac-
tors seems to adequately define the etiology of the 
disease.  

Traditional approach of genetic testing to 
the clinical evaluation of psychiatric genotype and 
phenotype is based on a comparative analysis of 
disease-related cases with control group. Many of 
such studies have produced quite tangible results, 
combining congenital common polymorphisms 
and single de novo with the risk of developing ASD 
[21, 22]. 

Commonly genotyped single nucleotide pol-
ymorphisms (SNPs) can be considered causal in at 
least 20% ASD [23, 24, 25]. The de novo variants 
were found in 10-20% of cases, although cumula-
tive de novo mutations account for less than 5% of 
the causes of ASD [26]. Some SNPs implicated in 
the risk of developing autism are also associated 
with the risk of schizophrenia [27], a fact that also 
correlates with the results of diagnostics assessing 
the effects of copy number variants (CNV) [28, 29]. 
CNV in the chromosomal regions 1q21 and 15q13 
are often associated with mental diseases such as 
schizophrenia, autism, epilepsy, and delayed men-
tal development.

Almost all gene mutations considered as risk 
factors for ASD are also found in healthy individu-
als. One example are patients who have the above-
mentioned genetic changes or a deletion in the 
16p11.2 region, which is also considered one of the 
major risks for developing ASD. Healthy people, 
parents of an autistic child, have these mutations 
and do not meet other criteria for the diagnosis of 
ASD [30]. These observations indicate that chro-
mosomal aberrations alone are neither necessary 
nor sufficient to cause autism, rather they indicate 
patient’s considerable susceptibility to a wide range 
of psychiatric symptoms. 

Besides, considerable differences in the qual-
ity of social interactions and the ability to commu-
nicate with others are observed among the healthy 
population [31]. Despite observed and defined phe-
notypic differences of mental disorders, the linking 
of genetic changes with specific neuropsychiatric 
diseases and associating them with characteristic 
differences in social behavior may be difficult.
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Disregarding different theories on the etiolo-
gy, genetic research and testing are still considered 
critical in the diagnosis of ASD, and numerous het-
erogeneous genetic changes are found throughout 
the entire genome in the patients affected by the 
disease [32]. 

ASD has also been associated with known 
genetic factors that accompany other diseases of the 
nervous system in about 10-15% of cases. One of 
the most frequently quoted aberrations are fragile 
X syndrome (about 3%), tuberous sclerosis (about 
2%) as well as other cytogenetic changes such as 
duplication in the 15q1-q13 region (about 2%), 
and deletions with duplications in the region 16p11 
(around 1%) [33]. None of these genetic changes 
is specific to ASD, but rather characteristic of a 
certain range of phenotypes, including intellectual 
development of various degree. In recent years, a 
project using sequencing of the whole exome has 
again confirmed that a single gene associated with 
a significant ASD risk cannot be indicated. Rare 
variants considered as more likely to be causative 
were found scattered among hundreds of different 
genes [35]. 

GENETIC DIAGNOSIS OF ASD 
 BY THE ACGH

Considering classic cytogenetic studies in 
ASD, diagnostic efficiency of conventional karyo-
typing is only around 3% [34]. One of the key ele-
ments of precise diagnosis of genetic diseases is the 
detection of changes in the number of DNA copies 
in the patient’s genome, and therefore molecular 
diagnostic methods providing the most satisfactory 
results are most useful. The diagnostic efficiency 
of molecular tests increases in patients who have 
autistic symptoms accompanied by other clinical 
features, e.g. dysmorphism and/or delayed intellec-
tual development [1].

One of the more useful techniques is array 
Comparative Genomic Hybridization, (aCGH). It 
consists in a comparative analysis of the patient’s 
DNA and the reference DNA of a healthy person 
(control). Equivalent amounts of DNA are hybrid-
ized to so-called matrix. The matrix is a glass or 
plastic plate on which arranged molecular probes 
are placed, to which the fragments of the standard 
and control DNA are hybridized. This comparative 
method allows for the detection of deletions or am-
plifications of DNA fragments. Microarrays allow 
a fairly precise detection of unbalanced genomic 
changes. However, the method does not allow for 

the diagnosis of gene balanced rearrangements and 
chromosomal rearrangements [1]. 

Comparative microarray genomic hybridiza-
tion studies are widely used to identify unbalanced 
changes in the genome of patients with intellectual 
disabilities, autism, dysmorphic traits, congenital 
malformations, as well as in oncological and pre-
natal diagnostics [37]. 

Depending on the research profile, two dif-
ferent diagnostic approaches are applied. Targeted 
microarrays that serve to detect known, predeter-
mined, clinically significant genetic changes, and 
whole-genome microarrays of the entire genome. 
The detection of de novo genetic changes is much 
easier when whole-genome microarrays are used. 
The clinical performance and resolution of mi-
croarrays depends on the number of DNA probes, 
counted from hundreds of thousands to over one 
million probes [38].  

aCGH is recognized as a clinically relevant 
and comprehensive diagnostic tool for genomic 
testing, in particular for the detection of sub-micro-
scopic deletions and group-defined duplications as 
copy number variability (CNV). High resolution is 
a very important aspect of this method as it allows 
to significantly increase the diagnostic precision, 
especially as the impact of rare CNV is widely rec-
ognized in the pathogenesis of ASD, and high reso-
lution of diagnostic methodology is very important 
in that respect [35]. 

Chromosomal disorders are classified as 
pathogenic if supported by convincing clinical evi-
dence, as variants of undetermined clinical value if 
the evidence is less convincing, or as minor poly-
morphisms [36, 37, 38]. 

The diagnostic value of aCGH technique has 
been shown in various clinical scenarios, and it is 
recommended as the first-choice method for ge-
netic diagnosis of ASD patients, offering high de-
tection sensitivity of submicroscopic gene changes 
[39, 40, 41]. The frequency of diagnosis of clini-
cally significant CNVs by means of aCGH in pa-
tients with ASD ranged within 7% - 9% [42, 43]. 
Tammimies et al. demonstrated that diagnostic per-
formance is significantly higher in patients with a 
more complex phenotype [44]. In other studies, the 
total diagnostic value of aCGH for ASD patients 
ranged from 18.2% to 22% [45, 46, 47, 48].  

Among patients with ASD, pathogenic 
CNVs are most often localized in chromosomes 
1, 4, 6, 8, 21, 22 and X [49, 50]. Also, chromo-
some 15 has five break sites along the proximal 
long arm, referred to as BP1-BP5, which contain 
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a reduced copy number of repeats, facilitating ho-
mologous recombination and subsequent potential 
gene expression changes [51, 52]. One of the more 
frequently cited genetic changes considered impor-
tant in the etiology of neurodevelopmental diseases 
are repetitive microdeletions and microduplica-
tions of chromosome region of 15q11.2 BP1-BP2. 
The CNVs found in this region include the genes 
TUBGCP5, CYFIP1, NIPA2 and NIPA1, which are 
considered to play an important role in axonal de-
velopment and neural connections. [53, 54, 55]. 
Most studies confirm that deletions in this chromo-
somal region correspond to delayed speech devel-
opment, movement disorders, autism, epilepsy, and 
also dysmorphic changes [56]. Of course, not all 
patients with genetic changes in this region have 
clinical symptoms, which can also be attributed 
to the phenomenon of incomplete penetration and 
variable gene expression [57].  

Despite some success in identifying genetic 
changes that potentially contribute to the develop-
ment of autism, including CNVs, the etiology of 
autism is still unexplained in most cases [28]. 

CONCLUSIONS

Clinical and genetic heterogeneity of the dis-
ease is an important obstacle to correlate the geno-
type with the autistic phenotype, which in combina-
tion with the polygenic background makes linking 
the specific presence of clinical features to a single 
gene or even a set of genes very difficult [28].  
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