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Neurodevelopmental disorders represent 
a heterogeneous group with evolving diag	
nostic concepts and substantial genetic 
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rodevelopmental sequelae have also been reported 
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yield in pediatric epilepsy and  autism spectrum dis	
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1
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�)����'�
conditions and neurodevelopmental impacts across 
the lifespan are actively studied, including ADHD 
(Attention Deficit Hyperactivity Disorder) in 
��/'��� ���� '������(���*���+	��'����� 
/��
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,�-�-I-��.-����3�''������1
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At the same time, variability of SNPs (Single Nu	
cleotide Polymorphisms) in various populations and 
further various outcomes on functionality of coding 
�����
�	�
���(������������-���
*+��&
�/�'���������
(DNA) structure and epigenetics and functional un	
certainty of amino acid substitutions in proteins 
complicate direct use of DNA sequencing results for 
personalized diagnosis and therapeutic approach in 
clinical settings. Recent developments in computa	
��
��'�&�
'
(+-��/�1����JUE���J��
)�	U����E��
	
�����
����/�+��,��.-�D
'+D1��	����������
��,�.�����
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��'������1)�������'+����,
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computing tools capable of linking structural DNA 
�1��(���3��1��'�����'��1��
�+�������/����'+��(�&�
	
logical pathways.

Given the increasing prevalence and clinical sig	
��W������
4�������������/��'����1
'
(+-�3���
��/�����
this study, which applies predictive computatio nal 
tools to select from sequencing results additional Sin	
gle Nucleotide Variations (SNVs) and associated mo	
lecular pathways and proteins with a potential role in 
neural pathology in pediatric patients.

The aim of the study was to preselect potentially 
pathogenic heterozygous and homozygous SNVs and 
metabolic pathways in a small group of children with 
neural pathology for further validation and associa	
tion studies on a larger number of patients.

���
�
���������
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Patients for the pilot study were selected from 
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4��
$����������4�
)����
�"�+�����
'��31
���	
proached Kharkiv Specialized Medical Genetic Cen	
�����������\�����

Children with clinical symptoms of neuropsychi	
atric developmental disorders, including defects in 
speech, cognitive functions, social adaptation, and 
behavioral abnormalities, were included in the study.

Inclusion criteria 3���#��(�����
�"�+����-�(����	
��
��'��(�����&���1�]�
�3����-��&������
4��1�
����

somatic and neurological pathology, informed con	
sent of the parents. Exclusion criteria�3���#���1�	
rited or inborn pathology, organic pathology of the 
������'���/��'��+���)-������1�
�����
)��������1
	
'
(+��1���)�+���^/�������/�
��0�'
�)����'���
	
cesses.

Clinical investigation of patients was done using 
the next assessment scores and criteria: aggression 
���\��
-���\���������`�1+�������0��+����\��
-���\����	
�����`�1+���)
&�'��+����\��
-���\���������`�1+����
�/��
���\��
���\���������`�1+�
�
�������\��
-���\���������`�
����������������(����\��
-���\�)
������-���\�
&0�	

/��`�)
�
����0�'
�)�������������
�����\��
-���\�
)
������-���\�
&0�
/��`���(��������\��
-���\���������`�
���j/�������\��
-���\����������

������������3�������'/��������1����/�+�&�����
��
the described clinical assessment criteria, with the 
following blood sampling for genetic analysis.

Molecular genetic studies were conducted to 
identify gene variants in early and preschool chil	
dren with symptoms of neurodevelopmental disor	
ders (NDDs). For molecular genetic analysis, 
����1�'������(������
�"�+�����3�����*�)������|�
'
	
gical material was peripheral venous blood samples 
collected in sterile vacuum tubes with Ethylenedi	
amine tetraacetic acid (EDTA) anticoagulant, as 
well as scrapings of buccal epithelium. Genetic test	
��(�3������4
�)�����������W���������'�j���'�&
���
	
ries, Invitae (LabCorp Genetics, USA) and 
 CENTOGENE (Germany).

The laboratories provided the results of the se	
quencing containing coordinates of SNV location on 
the genome, reference allele and observed allele, 
1
)
	-�1����
	-�
��1�)�j+(
���+-��
�����
����(�(����
names and laboratories’ recommendations on clinical 
interpretation based on the American College of 
Medical Genetics and Genomics (ACMG) protocols 
,��.��U��������
��''+����'+j����1�������/���(����	
dictive tools to identify heterozygous and homozy	
(
/����G��3��1��������������1
'
(���'��������
��
protein amino acid substitutions and potential epi	
static interactions.

RSID annotations were retrieved using NCBI 
�&��D-�������G��3�����'����W���&+������������'
��	
tion. Amino acid substitutions’ pathogenicity was 
����������/���(�D
'+D1��	��,�.���/����
��'������1	
)�������'+����3������4
�)���/���(�F����
)��,".�
���� ���1����� �*���� ����� ,�
.� 0��� ��D��*/��
��D	���������
/����,
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0�'�
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Patients having at least one symptom of a neuro	
developmental disorder were selected for further 
)
'��/'������(�
�����`��+)��
)�4���/�����������
�/))���j��������&'����

���/�����(����'+������0��'�����
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����������4/����
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4��1��(��
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�'/���(��"�����
������������������
��
0�'�0�������-�
and a predominance of point mutations. Variants 
showed uneven chromosomal distribution, with the 
1�(1������
�
���
��
���1�
)
�
)����-��-���-���-��-�
��-��-������$����(���������/��/��'����
����
���/((���	
����-�II�4/����
��'�(��
)���'������
��-����'/���(�
�
���(�0��������3��1��+�
�+)
/�������
�	�+�
�+	
mous changes.

Chromosome mapping showed that almost any 
chromosome could have a DNA variation in the 
selected patient group. The number of variations 
did not depend on the size of the chromosomes 
���(/���������1��)��
���+�
4�0������
�������1���
�	
��(���(�
��3�����
�	�+�
�+)
/�����(/�����-��-�
and e), forming a group that should be the focus of 
further studies, as those bringing changes in amino 
acid sequences and potential alterations of protein 
functionality that might lead to the development 
of the selected medical condition. However, the 
complexity and variability of the detected genom	
���0������
����������(�&
�1��
���(�������(/'��
�+�
��(�
���
4��1��(��
)�����(/����&��)�����������/'��
to establish associations with the clinical symp	
toms. So, we applied additional functional analysis 

based on the PolyPhen prediction algorithm to 
narrow down the variations to those that result in 
possibly pathogenic and probably pathogenic 
�������������������
������1��(����D
'+D1��	&�����
prediction indicated that coding sequence changes 
)�+�������/���
�I����������������&���(�-��
���&'+�
pathogenic, and probably pathogenic), and 
�$
���
������3��1������������)��
�������1��(���
���I�&���(�-�����
���&'+����1
(����-�
"���
&�&'+�
���1
(��������
���������
������''+���������)
'�	
cular pathways, we then conducted functional en	
richment analysis for the detected SNV’s in the 
coding region.

�/����
��'� �����1)���� ���'+���� �F����
)�`�
��������������W������13�+��3��1��1��1�(1������	
richment score for Metabolism and Extracellular 
)����*�
�(���j���
�����(�������1/�-�����&
'��)�����
Extracellular matrix organization may be in focus for 
further studies of the underlying reasons of neurode	
velopmental pathology.

To narrow down further the selection of poten	
���'�)
'��/'������(���-�3���/����W����1����
�
���
��
of patients with at least one possibly pathogenic or 
probably pathogenic amino acid alteration within 
��'���������13�+����1�����'+������0��'����1�����	
pid metabolism had the highest enrichment score 
���(�����

Functional enrichment analysis combined with 
PolyPhen predictive structural analysis revealed 
�1���
�������������
4����������1������'�����
��� �E�
variation resulting in possibly or probably pathogen	
ic amino acid replacement in proteins involved in 
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bolism an interesting target in further research on the 
molecular underlying reasons of neural pathologies 
and potential therapeutic targets selection. To look 
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ing lipid metabolism, we compared the frequencies of 
the detected variations with population frequencies 
�(�
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The most frequently detected lipid metabolism 
variants in the selected group of patients were in 
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	�� variation frequency 
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ponding population number, SNV in GALC�1�����)�	
lar frequencies with population. However, the pro	
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portion of patients carrying an alternative allele in 
&
�1�(�����3��������������������1����'�������
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while these SNV’s were not reported to be in linkage 
disequilibrium (r�]���`������J��
)����
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lopment of neurological pathology requires various 
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thod can detect genetic variations and their further 
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nal consequences may help to preselect SNV’s play	
ing a role in neural system dysfunction. We have 
applied the described diagnostic pipeline to the small 
�
1
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4����������3��1���/��'����1
'
(+���1������	
tegy allowed the detection of SNV’s resulting in pos	
��&'+����1
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&�&'+����1
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rations in amino acid sequences of the corresponding 
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pathways (Lipid metabolism). Comparison with 
population frequencies of the most frequently de	
tected SNV’s and their combination additionally 
allowed for selecting a pair with a potential syner	
(���������������1����'�������1��
�+��������������('+-�
both 	
	�� and GALC homozygous mutations were 
reported to cause neurological symptoms, while het	
erozygous SNV’s in the genes were mostly reported 
as those not associated with clinical pathogenicity. 
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���1���
������'��+���(�����������
4�
SNV’s in these genes in neural pathology and the 
role of their heterozygous variations and potential 
synergy in neural pathology should be further vali	
dated on a larger number of patients.
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tions in such neural pathologies as Alzheimer’s 
disease, Huntington’s disease, Parkinson’s dis	
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(����0��'
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been previously shown. In line with this, our data 
�
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������������'��
'�����������������/�
��0�	
lopmental pathology highlight the importance of 
further studies of molecular players and reactions 
of lipid metabolism involved in neural functions. 
Overall, we believe that the presented pipeline 
allowed us to identify SNV’s and pathways of in	
terest for their potential role in neural pathology 
and can help in diagnostic and selection of thera	
peutic targets.
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The work presented in this manuscript allowed us 

to select out of all detected genomic variations those 
that may be associated with the chosen clinical phe	

notype in the small cohort of patients. Further func	
tional enrichment analysis allowed us to identify 
various biological cellular processes that may be af	
4������&+��1��������W���(��
)����'������
����D����	
cularly, we found metabolic pathways with high en	
richment score for possibly pathogenic and probably 
pathogenic amino acid substitutions in proteins, 
with lipid metabolism having the highest enrich	
ment score. Predictive and functional enrichment 
analysis of SNV patterns detected by DNA sequenc	
ing in a small cohort of pediatric patients with neu	
�
��0�'
�)����'����1
'
(+��''
3����1��������W��	
tion of cellular processes and proteins that 
potentially play a role in neural pathology. Further 
investigation on a higher number of patients and 
�����1�4
������������''+���(��W��������
�����
���
4��1��
preselected targets with the phenotype may help to 
improve the diagnostic and treatment approach for 
the selected pathology.
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