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Motivation and Aim: Functional annotation of genes and gene ontology analysis for
complex diseases using available bioinformatics tools provide background to search new
targets for therapy. We aimed develop computer pipelines to study set of complex
heterogeneous disease such as cancers and mental disorders using online bioinformatics
tools. Examples of gene lists studied are related to glioma, glioblastoma, cystic fibrosis,
Kaposi's sarcoma, Parkinson’s disease and dementia. Thus, cystic fibrosisis a systemic
hereditary disease caused by a mutation in the gene for the transmembrane regulator of
cystic fibrosis and characterized by damage to the external secretion glands, severe
respiratory dysfunction. Parkinson’s disease and dementia present socially important
complex diseases. Functional annotation of genes related to the disease could be
retrieved based on genetic databases and cross-validated by integrating complementary
experimental data. Gene network reconstruction for a set of genes (proteins) proved to
be effective approach to study mechanisms underlying disease progression.

Methods and Algorithms: We used online bioinformatics tools such as GeneCards,
GeneMANIA (https://genemania.org/) and STRING-DB (https://string-db.org/) for
annotation of gene list for the disease, reconstruction of gene network and comparative
analysis of gene ontology categories. The Internet-resource OMIM (Online Mendelian
Inheritance in Man) (https://omim.org/) and GeneCards suit (GeneCards.org) were used
for gene list reconstruction. DAVID (https://david.nciferf.gov/) and PANTHER
resources (Protein Analysis THrough Evolutionary Relationships)
(http://pantherdb.org/) were used to analyze the categories of gene ontologies. The issue
of developing bioinformatics courses is related to the adaptation of the training to the
educational profile of students and trainees. Examples of the tasks in medical
informatics, which can be solved using only online tools — the formation of lists of genes
associated with the disease, reconstruction of the associative gene network, visualization
of the gene network, calculation of categories of gene ontologies, overrepresented in a
given list of genes, determination of the spatial structure of the protein. These tasks
students are able to solve independently, using online tools, with the preparation of
abstracts and their own publications as it was discussed at series of students workshops
[6] and Younf Scientists Schools on bioinformatics [8].

Results: We reconstructed gene networks for series of oncological diseases — glioma,
lymphoma, and Kaposi's sarcoma. The work on gene network models include
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glioma [2], Parkinson's disease [5], and metabolic syndrome [9]. The steps include
collection of a list of genes associated with the development of the disease (e.g.,
Parkinson's disease), analyze gene ontology categories for such a list, and reconstruct
the gene network. For the key disease genes derived from the gene network structure
analysis, drug search options are considered [5]. This approach has already been tested
for teaching the course "Fundamentals of Bioinformatics and Databases Management"
at the Sechenov University [1, 2]. In many cases, it require advanced training, additional
education in modern genomics technologies, such as high-throughput genomic and
transcriptomic sequencing, data analysis, metagenome sequencing, non-coding RNA
studies, Artificial Intelligence (Al) applications in medicine, which greatly expand the
range of classical bioinformatics tasks [4].

Conclusion: Overall, the goal of the work is to use bioinformatics online tools to solve
practical tasks in biomedicine. The development of next-gen sequencing technologies
poses new challenges which can be solved by already existing online tools without the
use of programming skills, in remote access. The issue of developing bioinformatics
courses is related to the need to adapt training depending on the educational profile of
the trainees [6]. The transition to distance learning requires the development of new
methods of teaching, with the ability of students to perform independent work using only
Internet resources, which in turn meets a number of challenges due to limited access to
a number of online services in Russia (for example, data storage in Google cloud
storages) [3].
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