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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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COVID-19 changed research and
development directions in 2020-2021.
We still have consequences (distal
conferences and disrupted contacts)
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New challenges in
digital medicine and
education




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.
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Machine learning tasks - analysis of bioimages, microscopy data

Training a neural network to recognize bladder malady
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Dr. I.LA.Shaderkin
Laboratory of electronic healthcare,
Sechenov University
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3D pOSItlonlng Approaches at Sechenov University

« Teaching on informatics, 10T, Machine
Leaning courses

« Master-classes for students

c Fundus pictures « Specialized Russian journal on
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Network medicine: a network-based
approach to human disease

Albert-Laszlo Barabésipu Natali Gulbahce & Joseph Loscalzo

Nature Reviews Genetics 12, 56-68(2011) | Cite this article
4557 Accesses | 2032 Citations |68 Altmetric | Metrics

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

Network medicine conception — extension of gene
network, drug-disease network, genotype-phenotype

Human Disease Network
(HDN)
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>2PFR_1|Chains A,B|Arylamine N-acetyltransferase 2| Homo sapiens (9606)
GGSGSDIEAYFERIGYKNSRNKLDLETLTDILEHQIRAVPFENLNMHCGQAMELGLEAIFDHI
VRRNRGGWCLQVNQLLYWALTTIGFQTTMLGGYFYIPPVNKYSTGMVHLLLQVT/DGRNYI
VDAGSGSSSQMWQPLELISGKDQPQVPCIFCLTEERGIWYLDQIRREQYITNKEFLNSHLLPK
KKHQKIYLFTLEPRTIEDFESMNTYLQTSPTSSFITTSFCSLQTPEGVYCLVGFILT YRKFNYKD
NTDLVEFKTLTEEEVEEVLKNIFKISLGRNLVPKPGDGSLTI

N-ACETYLTRANSFERASE (NAT2) GENE POLYMORFPHISM AND GENE NETWORK ANALYSIS

Work on gene network of R.P. Tiis", L.P. Osipova™, E.R. Galieva’, D.V. Lichman",
metabolic syndrome with students

E.N. Voronina™, A.V. Melikhova', ¥.L. Orlov='*, M.L. Filipenko™

'Institute of Cytology and Genetics, Siberian Branch of the Russian Academy of Sciences,
10 Lavrentyeva str., Novosibirsk, 630090 Russia; *e-mail: orlovigd-health. institute
Novosibirsk State University,
2 Pirogova str., Novosibirsk, 630090 Russia
‘Institute of Chemical Biology and Fundamental Medicine, Siberian Branch of the Russian Academy of Sciences,
% Lavrentyeva str., Novosibirsk, 630090 Russia
‘Sechenov First Moscow State Medical University of the Russian Mimistry of Health (Sechenov University),
2-4 Bolshaya Pirogovskaya str., Moscow, 119991 Russia

To search for new targets of therapy, it is necessary to reconstruct the gene network of the disease, and identify
the interaction of genes, protemns, and drug compounds. Using the online bioinformatics tools we have analyzed
the current data set related to the metabolism of xenobiotics, mediated by the N-acetyltransferase 2 (NAT2) gene.
The study of allelic polymorphism of the NAT2 gene has a prognostic value, allowing to determine the nisk of a number
of oncological diseases, the degree of increased risk due to smoking and exposure to chemical carcinogens, including
drugs. The aim of this study was to determine the frequencies of two important “slow™ variants of the NAT2? gene
(NAT2*3, rs1801280 and NAT2*7, rs1799931), which significantly affected the rate of xenobiotic acetylation among
the indigenous Nenets population of Northern Siberia. The obtained frequencies of polymorphic variants
among the Nenets occupy an intermediate value between those for Europeans and Asians, which might indicate
specific features of adaptation, We present a model of the distribution of two polymorphic variants of the NAT2 gene
involved in the biotransformation of xenobiotics to study the characteristics of their metabolism in the indigenous
mmhabitants of Yamal.

Key words: xenobiotics; N-acetyltransterase 2; gene polymorphism; Nenets; biintormatics; gene networks reconstruction
Funding. The work was supported by the Russian Science Foundation (project no. 19-15-00219).

Recerved: 23.04 2021, revised: 05.05.2021, accepted: 11.05.2021.

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

DOI: 10.18097/PBMC20216703213 Presented at previous “Way2drug” conference in 2021




AL Publication on bioinformatics in co-authorship with the students (Journal of
o, Integrative Bioinformatics, Q1)
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Due to distant education format in Moscow in 2020-2021 we set priority for
online bioinformatics tools
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DE GRUYTER lournal of Integrative Bioinformatics 2021; 20210031

[ Gene set collection: ] Natalya V. Gubanova, Nina G. Orlova, Arthur |. Dergilev, Nina Y. Oparina and

Yuriy L. Orlov*

OMIM, GeneCards, literature
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— Glioblastoma gene network reconstruction
Gene ontology: H H
| e | and ontology analysis by online
L ] L ] -
DAVID _| | PANTHER bioinformatics tools
- =
hitps:/ /doi org 10,1515/ jib-2021-0031
[ Gene networks: ] Received August 31, 2021; accepted October 18, 2021; published online November 16, 2021
STRING-DB GeneMANIA KEGG Table 5: Diseases found by priodtizalion of shared genes Lo glioblastoma.
- -
No. Description Category Score
[ Links to diseases ] 1 Gliama 1.882 % 10-25 9,333 % 10-2
2 Pilocytic astrocytoma 1147 x 107 1.561 x 10~#
| MalaCards 3=4 Adult piloeytic astrocytoma/childhood pilocytic astrocyloma 1.829 x 1073 9.06% x 10~
5 Malignant glioma 3741 % 10-% 1.855 x 10~
& Miced gliomas 3741 % 107! 1.855 » 10™Y
3 g . 7 Meurofibromatosis 1 6.750 % 107! 3,348 x 10~V
CO m_pUter plpe“ne = us_lng Only 8 Malignant neoplasm of sofl tissue 2.560 ¥ 10=20 1.270 x 10=18
online tools — appropriate for 9 Ganglioglioma 4.231 x 107 2.098 x 107
0 . - f f f f f =20 -1&
StUdentS and dIStal educatlon format 112} 11 ;::I:dul::duhgndendruglmm,fadullnlugndendrnglmm ;:;gi Ig-” i:ﬁ?iig-n



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.

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).

Figures are from
http://griza.nevrologica.ru/parkinson




PANTHER http://www.pantherdb.org/

Classification System , e —= P —

KEYWORD SEARCH

: © What can | do en
[ A =l = © the PANTHER site '-'2

Quick links

Whole genome function

views
- SEQUENCE SEARCH :
i : . : News
Gene expression tools Enter a protein sequence: @
CSHP tools (December 12, 2011)
Upload multiple gene IDs PANTHER tools are now

Community Curation : . supporting all 48
: I organisms.
Mv Workspace

© Click for additional info.
HKMM scoring

Sequence query limits: Protein - S0kb :
Downloads : ! Publications

Genome statistics . :

: Submit :

: Q : How to cite PANTHER
Site map : :

"PANTHER version 7:
improved phylogenetic
trees, orthologs and
collaboration with the Gene
Ontology Consortium.” Mi

The PANTHER (Protein ANalysis THrough Evolutionary Relationships)
. Classification System 1= a unique resource that classifies genes by
Onllne t00|s for Enter your Email: : eir functions, using published =scientific experimental evidence and
ene OntOIO - 1 /ewvolutionary relationships to predict function even in the absence of
g gy Il ©  direct experimental evidence. Proteins are classified by expert

Newsletter subscription

et al.
analyS|S based on bioclogists according to: :
. : + Gene families and subfamilies, including annotated : “Applications for protein
gene I|St phylogenetic trees : seguence-function

: evolution data:

mBNA/protein expression
: anahlysis and coding SNP

= Gene Ontology classes: molecular function, biological
process, cellular component

= PAMTHER Protein Classes scoring toole.” Thomas, et
» Pathways, including diagrams :al
FAMNTHER is part of the Gene Ontology Reference Genome FProject. "PANTHER: a library of

protein families and

: subfamilies indexed by
function.” Thomas, et al

PANTHER is supported by a research grant from the MNational Institute
of General Medical Sciences [grant GM0381084] and maintained by the
Thomas lab at the University of Southern California.




https://david.ncifcrf.qov/
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*** If vou are looking for DAVID 6.7, please visit our development site.

Shortcut to DAVID Tools

j Functional Annotation

Gene-annotation enrichment analysis.
functional annotation clustering , BioCarta B
KEGG pathway mapping, gene-disease
association, homelogue match, ID
translation, literature match and more

- Gene Functional Classification

Pr 2 a rapid means to reduce large lists
of genes into functionally relat groups of
genes to help unravel the biol al content
captura high throughput

techne s. More

= Gene ID Conversion

Convert list of gene IDYaccessions to others
of your choice with the most comprehensive
gene ID mapping repository. The ambiguous
accessions in the list can also be determined
semi-automatically. Maore

j= Gene Name Batch Viewer

Display gene names for a given gene list;
Search functionally related nes within your

or not in your list; Deep links to enriched
detailed information. More

The tool for gene list
manipulations and gene ontology
analysis

DAVID Bioinformatics Resources 6.8

Laboratory of Human Retrovirology and Immunoinformatics (LHRI)

Home Start Analysis Shortcut to DAVID Tools | Technical Center Downloads & APIs | Term of Service Why DAVID? | About Us

=** Welcome to DAVID 6.§ ===

Recommending: A paper published in Narure Protocols describes step-by-step procedure to use DAVID!

Welcome to DAVID 6.8

Search

2003 - 2019 What's Important in DAVID?

The Database for Annotation. Visualization and

s Cite DAVID
Integrated Discovery (DAVID ) v6.8 comprises a full » IDs of Affv Exon and Gene arrays supported
Knowledgebase update to the sixth version of our original e Novel Classification Algorithms
web-accessible programs. DAVID now provides a o Pre_built Affymetrix and Illumina
comprehensive set of functional annotation tools for backgrounds
investigators to understand biological meaning behind « User's customized gene background
large list of genes. For any given gene list. DAVID tools « Enhanced calculating speed
are able to:
Statistics of DAVID

& Identify enriched biological themes, particularly GO DAVID Citations (2003-2018)
terms 5018

= Discover enriched functional-related gene groups

& Cluster redundant annotation terms

= Visualize genes on BioCarta & KEGG pathway
maps

= Display related many-genes-to-many-terms on 2-D
View.

& Search for other functionally related genes not in the
list

E List interacting proteins

& Explore gene names in batch . I I

& Link gene-disease associations g L= u

7 T8 ety e e e et | sty e e 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18

E Redirect to related literatures o

E Convert sene identifiers from one tvne to another * = 38.000 Citations



OMIM®

Preparation of the list of . ) ) )
P Online Mendelian Inheritance in Man®

genes associated with
CEYEHOBCKMl the disease An Online Catalog of Human Genes and Genetic Disorders

Vi

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) )



o - GO molecular functions Number of P-value (corrected)
%o, genes
“e®
g enzyme binding 59 2,48E-12
C“‘:*;”.‘)BCK“” protein binding 150 2,22E-11
ubiquitin protein ligase binding 22 7,08E-11
.. ubiquitin-like protein ligase binding 22 1,94E-10
Some_fmdmgs on.gene, signaling receptor binding 46 2,15E-09
Ont0|og|es for Parkinson’s heatshock protein binding 15 2,41E-09
disease using these tools 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 a-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).



Plot of pointwise values of the categories of gene g . p I’Oﬁ 1 er
ontologies of Parkinson's disease genes, calculated ) : =

using the GOSt program for a list of 293 genes.
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The most significant categories of this list of genes include
o _ the death of neurons, Lewy bodies, regulation of cell death,
Findings on gene ontologies and the somatodendritic compartment.
for Parkinson’s disease
using these tools http://biit.cs.ut.ee/gprofiler/gost




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.
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To date, it is known that
the SNCA gene
encoding a-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

In the center of the constructed network are genes (proteins) that have a large number of connections with
other elements - SNCA, CASP3, GFRAL, HTT, PARKY.

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.
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https://string-db.org/

CEYEHOBCKHH
'HUBEPCUTET

Protein by name

Gene network for the same rroten by seuene Multiple Proteins by Names / Identifiers
disease reconstructed using
STRI N G = D B SRR RS R List Of Names: #1 #2 #3
Proteins with Values/Ranks Mew A2M
ABCA7
Organisms :Eﬂ? -
ADTCNTE
ADH1C o

Protein families ("COGs")
... or, upload a file:
Examples

Random entry

Organism:
auto-detect  J
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




%o, Integrative database tool —

GeneCards.org
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According to the GeneCards resource, the following 10

genes are the most significant for Parkinson’s disease

Gene

SNCA
LRRK2
PRKN
PARKY7
PINK1
MAPT
ATP13A2
GBA
APOE
10 APP

O© 0 NO Ol A WN P

Full name

Synuclein Alpha

Leucine Rich Repeat Kinase 2

Parkin RBR E3 Ubiquitin Protein Ligase
Parkinsonism Associated Deglycase
PTEN Induced Kinase 1

Microtubule Associated Protein Tau
ATPase Cation Transporting 13A2
Glucosylceramidase Beta
Apolipoprotein E

Amyloid Beta Precursor Protein

& GeneCardsSuite Bl GeneCaRMA  MalacCards

GeneCard

THE HUMAN GENE DATABASE

Home User Guide Analysis Tools~ News And Views

Score

157.73
151.68
142.61
119.70
114.13
106.49
104.18
103.77
94.18

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 (Paisan-Ruiz et al., 2004; Zimprich et al., 2004). Genetic
variants in LRRK2 are associated with most of all known inherited manifestations of Parkinson's disease.
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Human Disease Network
(HDN)

Charoo!-Ma‘mh disease
oo
Spastic atax‘aplegia

'r spastic paraplegia syndrome
Amyoirophic lateral ‘Jsis

Sal.)ﬁ disease

Spinal rr. atrophy

Generating human
disease—drug
networks

Online tools (some

n Ot fre e) Androgen insensitivity

G e n e G O ProstafSaeet Perineal hypospadias
(www.genego.com), vy W
Ingenl.“W . Wilms UMOr 5 ot cancer vl cor
(www.ingenuity.com) .

and Biocarta
(www.biocarta.com).

Papillary serous carcinoma
Fancz‘-emia
T=cell lymphoblastic leukemia

Ataxia-telangiectasia

The human disease network

Kwang-Il Goh, M.E. Cusick, D.Valle, B.Childs, M.Vidal, A.-L. Barabasi
PNAS, 2007 104 (21) 8685-8690;
https://doi.org/10.1073/pnas.0701361104

DISEASOME

disease phenome
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Lipo.:phy
Charcoz-Ma.oth disease
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Silver spastic p‘legia syndrome

Spastic at.aaraplegia
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Approach for Diseases network reconstruction by genes and back - diseasome bipartite

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

disease genome

Disease Gene Network
(DGN)
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http://www.ingenuity.com/
http://www.biocarta.com/
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discovery of functional connections opens the way to the creation of %+ g REAL SCIENCE
new drugs. The same network modeling approach is applied to

CEYEHOBCKMH series on complex diseases.
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results, present the work for wider audience

Special journal issues help in faster publications and Free journals (in English)
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Welcome to the conference in live format —
BGRS-2022 (Bioinformatics of Genome Regulation and Structure)
CEYEHOBCKMiA Novosibirsk, Russia
TS 4-8 July 2022

XXVIIl Symposium on Bioinformatics
and Computer-Aided Drug Discovery
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