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Abstract

This article provides a brief overview of recent results obtained
using whole genome RNA-Seq of Mus musculus during their lifes-
pan. In the works devoted to age-related changes of the transcrip-
tome, a smooth decrease of its production with age was found. At the
same time, multidirectional changes in the level of RNA production
were found for separate groups of genes. The obtained data were
characterized by a high level of the dispersion, which does not allow
obtaining statistically significant results in most cases. As a prom-
ising research direction in this area, a brief review of our recently
published article is presented. Using our approach of considering
functional groups of the genome, results were obtained that allow us
to advance our understanding of the mechanisms of aging. Chang-
es in the age-related dynamics of RNA production occur during the
reproductive period of life, which has the lowest actual mortality
risk for Mus musculus. A trend toward a significant shift in between
infrastructural and functional genes ratio occurred after the end of
the reproductive period, coinciding with the onset of increased Mus
musculus mortality. One of the tasks aimed at further study of pro-
teome changes during aging is comparative analysis of proteome
changes occurring simultaneously in different tissues of the organ-
ism. For each type of tissue there is a different ontogenetic program
with its own maturation pathway. Thus the ontogenesis program of
an organism is a sum of programs. Infrastructural deficiency arising
during ontogenesis in one tissue accelerates this process in other
tissues.
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Introduction

The relatively recent introduction of whole genome RNA sequenc-
ing in experimental animals has enabled gerontologists to conduct
studies of proteome changes during life and has become one of the
main pathways for investigating the fundamental mechanisms of ag-
ing. In the works devoted to age-related changes in the transcriptome,
a smooth decrease in its production during life was found. Simultane-
ously, multidirectional changes in the level of RNA production were
found for individual groups of genes [1-3]. Summarizing the current-
ly available data on age-associated decrease in gene expression, it
can be stated that it corresponds to a progressive decrease in cellular
functions both in individual tissues and in the whole organism. Obvi-
ously, studying the causes and mechanisms that determine the aging
transcriptome is necessary to understand the underlying mechanisms
of aging [3-5]. Thus, although the available data have not yet shown
striking results, it is clear that this line of research should be devel-
oped.

For us, the fundamental approach is that we consider not individ-
ual genes, but their ontogenetically determined and different in their
role in the organism functional groups necessary both for the imple-
mentation of the ontogenesis program and for the normal functioning
of the organism. We proceed from the assertion that insufficient level
of repair is the main cause of aging. Understanding exactly how this
deficiency arises is our main objective. The connection between onto-
genesis and aging is obvious to us, in which aging itself is a by-prod-
uct of the ontogenesis program. Based on our theoretical model based
on the division of the genome into two functional groups [6], one of
the main criteria for its verification is the question of whether the lev-
el of RNA synthesis and related resources are redistributed between
the functional groups of genes we have identified - HG (a group of
housekeeping genes responsible for the maintenance of cellular infra-
structure) and IntG (a group of genes responsible for the functions of
the organism) during ontogenesis. Our last article [7] is devoted to an-
alyzing the ratio of their activity based on the results of RNA sequenc-
ing during ontogenesis. We were mainly interested in the reproductive
age period, when the organism demonstrates the greatest resistance
to external influences. At this time, changes occur, the consequence
of which is aging, and in our work we will consider this period. In
this work we set the following goal: using mathematical statistics to
obtain results capable of verifying our assumptions about the rela-
tionship between ontogenesis and aging based on the analysis of the
RNA synthesis database. In our work, we faced characteristics and
limitations related to the database we used. The largely high “noise”
of the data did not always allow us to obtain statistically significant
answers, but we were able to see a number of trends in the data that
indirectly support our hypothesis.

Let us highlight the established facts of our proposed theoretical
justification of our hypothesis. Data analysis showed that the level of
RNA production in HG and IntG genes had statistically significant
differences (P-value <0.0001) during the whole observation period.
During the observation period, statistically significant dynamics of
RNA production decrease in the HG group in contrast to IntG was
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determined (p-value = 0.0045). The obtained decrease in the level
of RNA production in the HG group for all tissues coincides exactly
with the reproductive age in Mus musculus and falls within the period
from 1 to 9 months and basically ends by the age of 15 months [8].
Comparing the data on the mortality rate of Mus musculus with the
obtained results we note that their mortality rate starts to increase sig-
nificantly from 18 months of age, exactly when the production of HG
group genes reaches its minimum value. Starting from this age, the
actual risk of mortality begins to increase, increasing more than two-
fold by the age of 24 months [9,10]. Given that the database contains
only 10 time points, it was possible to obtain statistically significant
results on the slope of the curves (correlation with age) only for the
combination. Less extended time segments showed only trends. Thus,
the detected significant change in the HG/IntG ratio in the post-repro-
ductive stage of ontogenesis indirectly confirms our hypothesis. This
imbalance, in turn, leads to insufficient provision of cellular functions
with their infrastructure represented in the genome by the functional
group HG, which may trigger the whole cascade of changes leading
to aging of the organism.

As we have indicated earlier [11-14], most researchers focus on
age-related changes occurring in the body in late life. During this pe-
riod, the various indices under study reach their maximum differenc-
es from their normal values. Studies focusing on changes occurring
in the second half of ontogenesis are doomed to deal only with the
consequences of aging processes, missing their causes. In addition,
data on the dynamics of aging signs in experimental animals at late
ages suffer from another drawback. The animals involved in these ex-
periments are a kind of long-livers, with certain genetic features that
allow them to reach the ultimate ages for the species. We observed
a similar picture in our work, where we recorded a tendency for the
HG level to rise in Mus musculus during the last period of their life.
This result can be explained by the fact that the experimental groups
undergo their own natural selection, which significantly changes the
general picture of the obtained results. In our opinion, this fact should
not only be taken into account in experimental work, but should be
studied separately.

In conclusion, we note that the results of any analysis of the avail-
able data, and in our case it is the results of analyzing the level of RNA
production, depend on a correctly posed question at the beginning of
the study. We have demonstrated that the analysis of data obtained by
RNA sequencing in terms of large functional groups of genes is one
of the most promising, allowing further work in this direction. One of
the tasks aimed at further study of proteome changes during aging is
comparative analysis of proteome changes occurring simultaneously
in different tissues of the organism [15,16]. Each type of tissue has its
own ontogenetic program with its own pathway of maturation. Thus
the ontogenesis program of an organism is a sum of programs. Infra-
structural deficiency arising during ontogenesis in one tissue acceler-
ates this process in other tissues. Thus, the study of RNA sequencing
data obtained during the life of laboratory animals has great prospects
for understanding the aging processes.
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