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Gene network of type 2 diabetes: reconstruction and analysis
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Abstract — Currently, due to the appearance of an
increasing number of genomic, molecular, histological data,
there is an intensive detailing of individual molecular genetic
systems of the human body and phenotypic deviations caused
by violations in one or more elements of these systems. At the
same time, there is no, as such, a holistic understanding of the
nature of the formation and course of type II diabetes, which
includes an enough available experimental data. In this study,
we reconstructed gene networks of transcriptional regulation,
functional connectivity, and protein-protein interactions for
type 2 diabetes. Information on the evolutionary age of genes
was superimposed on the network; it was shown that the genes
in question are predominantly “evolutionarily old”. New genes
have been found that were not previously associated with type
2 diabetes, such as PERI, PER3, ARHGEF4, genes whose
homologues are associated with the onset of diabetes in mice -
CLOCK, ARNTL (encoding transcription factors) - the goals for
subsequent experimental confirmation. Validation of gene
networks by analysis of tissue-specific expression has shown
that most genes included in putative signal transduction
pathways are expressed in the same tissues.
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Motivation and aim

Motivation

Type 2 diabetes is a multifactorial disease caused by a
combination of genetic and environmental factors. Today,
systems biology approaches, and in particular, network
approaches, are powerful tools for studying multifactorial
diseases. They are based on knowledge of the physical or
functional interactions between molecules, usually presented
as a network of bonds. Such networks not only report
connections between individual nodes, but also implicitly
organize higher-level cellular connections. In this paper, we
consider networks of transcriptional regulation, protein-
protein interactions, functional connectivity, bringing them
to the general value of gene networks - molecular genetic
systems, which ensure the development of phenotypic
properties of organisms based on genetic information.

Aim — reconstruction and analysis of the gene network of type 2
diabetes mellitus.

Methods

Based on the analysis of literature data, as well as a
number of databases, a sample of genes associated with type
2 diabetes was formed. Among them, transcription factors
(TFs) were identified, and using the Hocomoco database [1],
TF binding sites were searched in 5’ non-coding gene
regions from the obtained samples. Using the Orthoscape
program [2], information was obtained on the
philostratigraphic age and divergence index for each gene.
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Intrapopulation variability was estimated using SNP data
from the project “1000 human genomes” [3]. Gene networks
were reconstructed in the Cytoscape program [4] based on
data on interactions extracted from GeneMANIA [5] and
StringDB [6].

L.

RESULTS

Evolutionary network map of functional connectivity. The bulk of the
network genes, based on our calculations, is rather “evolutionarily old”.
Two circuits are distinguished - signal transmission paths

After applying the previously obtained information, an
analysis of gene networks was carried out. Regulatory
circuits were identified, the violations in the elements of
which can lead to disease. They contain new genes not
previously associated with T2D, such as PERI, PER3,
ARHGEF4, genes whose homologues are associated with the
onset of diabetes in mice - CLOCK, ARNTL (encoding
transcription factors) [7], as well as genes that are not in the
original sample but associated with T2D, such as PDXI,
which validates our chosen methodology.

The gene network analysis is an effective tool for a
comprehensive theoretical study of human diseases and can
be used not only to search for and prioritize genes associated



with diseases, but also to explain the molecular genetic
mechanisms behind them.
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