
DEVELOPMENT OF BIOMEDICAL EDUCATIONAL
PROGRAMS

1 The Digital Health Institute, I.M.Sechenov First Moscow State Medical University

(Sechenov University), Trubetskaya 8-2, 119991 Moscow, Russia 
2 Novosibirsk State University, Pirogova, 1, 630090 Novosibirsk, Russia 
3 Engelhardt Institute of Molecular Biology RAS, Vavilova, 32, 199991 Moscow, Russia

Yuriy L. Orlov1,2*, I.A.Volkov1, S.Y.Simonenko1, Anastasia A. Anashkina1,3

Development of computer programs for drug discovery needs qualified scientific

staff, not only software development and technical support. Growth of biomedical

data volume and availability of new experimental technologies give solid

background for complex computer modeling limiting rather by human resources

than hardware. Bioinformatics education faces new challenges related to

changing educational standards, distant education on online meeting formats.
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At the forefront of 

health care

New challenges in 

digital medicine and 

education

COVID-19 changed research and 

development directions in 2020-2021.

We still have consequences (distal 

conferences and disrupted contacts) 



Scientific challenges in connection with the coronavirus pandemic have raised 

research and educational problems, changes in the methodology for mastering 

scientific disciplines. 

Medical universities use new E-health technologies, one of the global areas of 

which is telemedicine. Medical teleconsultations make it possible to increase the 

availability of medical care for the population of remote areas, elderly and 

inactive patients, which is especially relevant for monitoring the spread of 

coronavirus infection. 

The First Moscow State Medical University of the Ministry of Health of 

Russia (Sechenov University) and the Institute of Digital Medicine deal with 

the problems of digitalization of medicine, provide a platform for discussing 

existing issues in the development of medical technologies, online conferences, 

and new educational programs. 

Publication activity - The Russian Journal of Telemedicine and E-Health 

continues series of publication on this topic (https://jtelemed.ru/). We have 

arranged series of international journal issues on gene expression regulation as 

well. 



Training a neural network to recognize bladder malady

3D positioning

Fundus pictures

Peripheral and bone marrow 
smear images

Machine learning tasks - analysis of bioimages, microscopy data

• Teaching on informatics, IoT, Machine 

Leaning courses

• Master-classes for students 

• Specialized Russian journal on 

telemedicine (RSCI - РИНЦ)

Approaches at Sechenov University
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Network medicine conception – extension of gene 

network, drug-disease network, genotype-phenotype 

network terms

The idea is to compare diseases by comparing the functions of genes, 

symptoms, drug compounds - the network approach.

Analysis of genes associated with a disease, assessment of their 

place in the gene network (connectivity) allows us to evaluate them as 

target genes for drug effects

Standard for students’ diploma and course works at Sechenov 

University on gene networks for complex human diseases –

cancers, metabolic syndrome, Parkinson’s disease



Tiis, R. P., Osipova, L. P., Galieva, E. R., Lichman, D. V., Voronina, E. N., Melikhova, A. V., Orlov, Y. L., Filipenko, M. L. (2021). 

N-aсetyltransferase (NAT2) gene polymorphism and gene network analysis. Biomeditsinskaya khimiya, 67(3), 213-221.

DOI: 10.18097/PBMC20216703213

Work on gene network of 

metabolic syndrome with students 

Presented at previous “Way2drug” conference in 2021



Publication on bioinformatics in co-authorship with the students (Journal of 

Integrative Bioinformatics, Q1)

Computer pipeline – using only 

online tools – appropriate for 

students and distal education format

Due to distant education format in Moscow in 2020-2021 we set priority for 

online bioinformatics tools



The growth in the volume of genetic data provides a basis for 

searching for associations with diseases, which is reflected in the 

replenishment of such databases as OMIM (https://omim.org/), 

GeneCards (https://www.genecards.org/).The development of 

experimental sequencing technologies leads to an increase in 

transcriptomic data, which allows the reconstruction of gene 

networks / signal transduction pathways based on co-expression.

Existing online bioinformatics tools allow solving many practical tasks 

for the reconstruction of gene networks without using additional 

software (used in the training course for students of the Sechenov 

University - First Moscow State Medical University of the Ministry of 

Health of the Russian Federation named after I.M.Sechenov).

The research interest in the study of Parkinson's 

disease is due to the fact that this disease is a medical 

and economic problem for society and at the moment 

there are no treatments that can stop or reverse the 

neurodegenerative process accompanying this disease.

Figures are from 

http://griza.nevrologica.ru/parkinson
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DAVID

PANTHER

http://www.pantherdb.org/

Online tools for 

gene ontology 

analysis based on 

gene list



The tool for gene list 

manipulations and gene ontology 

analysis

https://david.ncifcrf.gov/



The Internet resource OMIM (Online Mendelian Inheritance in Man) (https://omim.org/) was used to 

search for genes of susceptibility to the disease. A list of 229 genes was found, and the categories and 

analysis of gene ontologies were calculated using the PANTHER resource (Protein ANalysis THrough 

Evolutionary Relationships) (http://pantherdb.org/) (Mi et al., 2013).

Of the 229 original genes, 170 identifiers were recognized, 59 identifiers were not recognized or could 

not be unambiguously mapped. In total, 20851 genes were used in the PANTHER reference genome.

With the help of PANTHER, we built a table of ontologies for categories of biological processes, in order 

to obtain the most informative results, the p-values were limited to E-20.

The most significant categories for the genes of Parkinson's disease are general regulation of cell death, 

regulation of cell death of neurons, regulation of apoptosis and programmed cell death, negative 

regulation of cell death, which confirms the etiology of the disease - death of substantia nigra neurons.

These data confirm the key etiological features of the disease, among which the central aspect of the 

pathophysiology of Parkinson's disease is the progressive death of dopamine neurons in the midbrain and 

their axonal projections.

(Published recently at “Biomedical chemistry” (2021) )

Preparation of the list of 

genes associated with 

the disease



GO molecular functions Number of 

genes

P-value (corrected)

enzyme binding 59 2,48E-12

protein binding 150 2,22E-11

ubiquitin protein ligase binding 22 7,08E-11

ubiquitin-like protein ligase binding 22 1,94E-10

signaling receptor binding 46 2,15E-09

heatshock protein binding 15 2,41E-09

binding 164 2,80E-08

identical protein binding 46 9,35E-08

tau protein binding 9 1,69E-06

kinase binding 26 4,88E-06

protein domain specific binding 25 6,55E-06

catalytic activity 86 1,38E-05

protein kinase binding 22 1,99E-04

The most significant are the categories of enzyme binding, protein binding, 

binding of ubiquitin ligase and ubiquitin-like proteins, and binding of signaling 

proteins and heat shock proteins.

Autophagy is one of the main pathways for intracellular degradation of α-synuclein, and current research 

shows that dysfunctional autophagy in Parkinson's disease is one of the main risk factors for the 

development of the disease (Hale et al. 2016).

Some findings on gene 

ontologies for Parkinson’s 

disease using these tools



Plot of pointwise values of the categories of gene 

ontologies of Parkinson's disease genes, calculated 

using the GOSt program for a list of 293 genes.

The most significant categories of this list of genes include 

the death of neurons, Lewy bodies, regulation of cell death, 

and the somatodendritic compartment.

http://biit.cs.ut.ee/gprofiler/gost

Findings on gene ontologies 

for Parkinson’s disease 

using these tools



GeneMANIA and STRING-DB resources were used to reconstruct the gene 

network of interactions between Parkinson's disease genes.The figure shows a 

gene network of 187 genes for Parkinson's disease, reconstructed using 

GeneMANIA.

In the center of the constructed network are genes (proteins) that have a large number of connections with 

other elements - SNCA, CASP3, GFRA1, HTT, PARK7. 

This trend is supported by current studies of candidate gene associations (Billingsley et al. 2018), in which the 

most statistically significant signals associated with Parkinson's disease are common variants located close to 

SNCA, LRRK2 and MAPT, as well as low-frequency coding variants in GBA.

To date, it is known that 

the SNCA gene 

encoding α-synuclein is 

pleiomorphic, and any, 

both rare mutations and 

common, variations in 

this locus change the 

risk of developing the 

disease.

Gene network reconstruction 

for Parkinson’s disease 

using same gene list



number of nodes: 268

number of edges: 2079

average node degree: 15.5

avg. local clustering coefficient: 0.428

expected number of edges: 942

PPI enrichment p-value: < 1.0e-16

Gene network for the same 

disease reconstructed using 

STRING-DB

https://string-db.org/



Gene Full name Score

1 SNCA Synuclein Alpha 157.73

2 LRRK2 Leucine Rich Repeat Kinase 2 151.68

3 PRKN Parkin RBR E3 Ubiquitin Protein Ligase 142.61

4 PARK7 Parkinsonism Associated Deglycase 119.70

5 PINK1 PTEN Induced Kinase 1 114.13

6 MAPT Microtubule Associated Protein Tau 106.49

7 ATP13A2 ATPase Cation Transporting 13A2 104.18

8 GBA Glucosylceramidase Beta 103.77

9 APOE Apolipoprotein E 94.18

10 APP Amyloid Beta Precursor Protein 85.19

The first place in this hierarchical list is occupied by the SNCA gene encoding the alpha-synuclein protein, 

mutations in this gene lead to the development of autosomal dominant forms of the disease, the severity of 

the disease correlates with the number of copies of the SNCA gene. Mutations in the LRRK2 gene have 

been identified as the causes of the autosomal dominant nature of Parkinson's disease as the most common 

monogenic form of the disease identified to date (Paisán-Ruíz et al., 2004; Zimprich et al., 2004). Genetic 

variants in LRRK2 are associated with most of all known inherited manifestations of Parkinson's disease.

According to the GeneCards resource, the following 10 

genes are the most significant for Parkinson’s disease

Integrative database tool –

GeneCards.org



Approach for Diseases network reconstruction by genes and back - diseasome bipartite 

network

The human disease network

Kwang-Il Goh, M.E. Cusick, D.Valle, B.Childs, M.Vidal, A.-L. Barabási

PNAS, 2007 104 (21) 8685-8690; 

https://doi.org/10.1073/pnas.0701361104

Kwang-Il Goh et al. PNAS 2007;104:21:8685-8690

Disease Network (left panel)

Gene network (right)

And the link between diseases 

through genes (center).

Generating human 

disease–drug 

networks

Online tools (some 

not free)

GeneGO 

(www.genego.com), 

Ingenuity 

(www.ingenuity.com) 

and Biocarta 

(www.biocarta.com).

https://doi.org/10.1073/pnas.0701361104
http://www.genego.com/
http://www.ingenuity.com/
http://www.biocarta.com/
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Post-conference publication is a way to connect fix the conference 

results, present the work for wider audience

Special journal issues help in faster publications and

free publications as well
Free journals (in English)



Publications in Russian journals (free)

https://vavilov.elpub.ru/jour/

http://pismavavilov.ru/https://vavilov.elpub.ru/jour

https://www.sechenovmedj.com/jour/index

https://vavilov.elpub.ru/jour


Welcome to the conference in live format –

BGRS-2022 (Bioinformatics of Genome Regulation and Structure) 

Novosibirsk, Russia
4-8 July 2022

26/05/2022

Longest conference series on 

bioinformatics in Russia, in 

Novosibirsk (biannually since 1998)

https://bgrssb.icgbio.ru/2022/


