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ABSTRACT 
In this paper, we continue statistical analysis of RNA-Seq results of 
the whole genome of Mus musculus during their lifetime.  We 
propose that the implementation of the developmental program by 
cells and their transition to the active performance of functions is 
the main mechanism of aging. The data obtained confirm the basis 
of our ideas that the triggering of aging processes is embedded in 
the very "design" of multicellulars. Previously, we noted a gradual 
decrease in RNA production in the part of the genome responsible 
for cellular infrastructure. At the same time, we noted a rise in the 
level of production of genes of this part in late ages. We 
hypothesized that this is associated with the increased demand of 
cells for energy production to maintain the weakening functions of 
the organism. We identified a block of 24 most productive genes 
responsible for metabolic activity and energy production in the cell. 
As shown by data analysis, it was these genes that appeared to be 
responsible for the rise in the overall activity of infrastructural 
genes in the late period. We also hypothesized that the rise in 
demand for cellular energy structures in the aging organism is most 
pronounced in highly differentiated tissues. For this purpose, we 
distinguished two groups of tissues, according to the level of their 
mitotic index. The results show that the rise in the production of the 
infrastructural part of the genome found in late ages is due to RNA 
synthesis of metabolic genes and is expressed only in the group of 
tissues with low mitotic index. We plan to further investigate the 
age-related dynamics of the proteome, comparing our results with 
other databases to identify similar patterns of RNA production 
dynamics in them. 
Keywords: aging, RNA-Seq data analysis, metabolic activity, 
mitotic activity. 
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Introduction 
One of the main questions in modern biology 
remains the problem of explaining the work of 
aging mechanisms and their connection with the 
processes of development and formation of 
multicellular organisms.  Most scientists dealing with 
this problem agree in the opinion that aging is 
either the result of a purposeful evolutionary 
program inherent in the genome1 - 6, or a 
consequence of spontaneous disturbances in the 
organism leading to maladaptation7, 8. At the 
same time both approaches to the causes of aging 
are not yet presented by the description of a 
specific mechanism explaining the emergence and 
acceleration of aging after reaching fertility9, 10. 
We explain aging by the gradual redistribution of 
limited resources between two main tasks of the 
organism: self-sufficiency based on the work of a 
group of genes responsible for the infrastructural 
support of cells, or housekeeping genes (HG), and 
functional differentiation provided by the 
integrative group of genes (IntG) 11,12.  For us, the 
fundamental approach is that we do not consider 
the role of individual genes in aging mechanisms, 
but rather their ontogenetically determined and 
different functional parts in their role in the 
organism. We are based on the assertion that an 
insufficient level of repair is the main cause of 
aging. In the case of a multicellular organism, its 
aging is also caused by a decrease in resources 
required by its cells for their repair and tissue 
regeneration and starts at the moment when its 
recovery begins to be incomplete13. Understanding 
exactly how this deficit arises is our primary 
concern. It is at this point that the whole cascade of 
aging processes is triggered and a situation arises 
in which aging becomes a side effect of the 
organism's development program. The connection 
between ontogenesis and aging is obvious to us, in 
which aging itself is a by-product of the 
ontogenesis program14.   
 
In the works devoted to age-related changes in 
the transcriptome, a smooth decrease in its 
production during life was found. At the same time, 
multidirectional changes in the level of RNA 
production were found for separate groups of 
genes15, 16,17. Summarizing the currently 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 
separate tissues and in the whole organism.  
Obviously, the study of the causes and mechanisms 
that determine the aging transcriptome is 
necessary to understand the underlying 
mechanisms of aging18, 19,20. Thus, although the 
available data have not yet shown striking results, 

it is obvious that this line of research should be 
developed.  
 
Analyzing the results obtained in the previous 
paper21 we noticed a tendency to some increase in 
RNA production of HG genes after 21 months of 
age. This result somewhat contradicts our aging 
model and we assumed that an explanation can 
be found for this fact, which is the purpose of this 
paper. 
 
To achieve our goal, we need to further analyze 
the RNA production database of the Mus musculus 
genome used by us in order to answer the 
following questions: In which tissues, in terms of 
mitotic activity, this elevation of HG gene 
production is more pronounced; Which of the 
genes of the HG part of the genome may be 
responsible for the rise in activity in late ages. 
 

Materials and Methods 
To analyze the results of RNA sequencing of Mus 
musculus genome production, we used the same 
material as in our previous article21. The RNA-Seq 
data on the Mus musculus mouse genome 
transcriptome is available in the GEO repository, 
under the accession number GSE132040 and can 
be found at the following link: 
www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GS
E132040. The analyzed database contains the the 
RNA-Seq data from 17 tissue types: Brain, BAT, 
Bone, GAT, Heart, Kidney, Lung, Marrow, MAT, 
Pancreas, SCAT, Skin, Small, Spleen, WBC, Limb, 
Liver. Samples for each tissue type were taken 
from 5 or 6 male and female Mus musculus 
individuals, (3M+3F or 3M+2F). For the age 
dynamics a new group of experimental mice was 
used each time they reached the age of 1, 3, 6, 9, 
12, 15, 18, 21, 24 and 27 months.  
 
Selection into the HG gene part was performed 
according to the Housekeeping and Reference 
Transcript Atlas22 (HRT Atlas v1.0, 
(www.housekeeping.unicamp.br). When the HG list 
was compiled, all variants of genes from those 
already listed, were additionally included. Total 
number of the Housekeeping genes was 5,101. All 
remaining genes (30,529) were assigned to the 
IntG part. Genes with the same name in both 
groups were removed from the total list of the 
whole genome. The stochastic of the original data 
due to the use of genetically heterogeneous Mus 
musculus and the small (5 or 6) number of samples 
to represent the value at each age point impose 
certain limitations on the use of statistical methods 
for analyzing the results. These limitations 
excluded the use of polynomial analysis of 
variation in the resultant curve or cluster analysis. 

https://esmed.org/MRA/index.php/mra/article/view/4927
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE132040
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE132040
http://www.housekeeping.unicamp.br/
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The list of genes responsible for energy 
metabolism (24 genes: MT-ND1, MT-ND2, 
GM12895, M10722, MT-ND5, MT-ND4, ARS2, 
GM11168, MT-CO2, M10719, GM10800, MT-
CO1, M10718, MT-CYTB, GM10721, M10715, 
MT-CO3, GM10801, RPL12, MRPL37, MRPL4, 
MRPL28, MRPL17, MRPL 42.). These genes were 
isolated from the HG gene list using the NIH 
website showing their function and can be found at 
the following link: 
https://www.ncbi.nlm.nih.gov/guide/howto/find-
func-gene/.  
 

Results 
The main amount of production falls on a relatively 
small group of genes with a high level of RNA 
synthesis in both HG and IntG parts of genes. Thus, 
the number of genes that produce more than 80% 
of all RNA production is only 4,850, or 13.6% of 
the total number of genes. At the same time, the 
genes of the HG part 1,857 genes of total  
(4,850) have slightly higher productivity per gene. 
So to analyze the results of RNA sequencing within 
the HG part, we used 1,857 genes. The result we 
obtained in our previous work analyzing RNA 
sequencing data and presented in our previous 
paper is presented in (Figure 1). Differences in the 
level of RNA synthesis between the HG and IntG 
parts of the genome were statistically highly 
significant at all age points presented (p-value < 
0.0001). The results also demonstrate a 

statistically significant difference (p-value = 
0.0045) in the dynamics of the decrease in the 
activity of the HG part of genes compared to IntG 
in the period from the onset of puberty to the age 
of 18 months. At the same time, after reaching the 
age of 21 months, there is some rise in total RNA 
production in the HG part genes. No significant 
changes in the value of RNA production in the IntG 
part were observed. We believe that in the course 
of development and after puberty a large number 
of structures associated with the performance of 
organism functions accumulate in the cells of the 
organism. At the same time, their need for energy 
supply also increases. We assume that the 
increasing number of cells in the resting state 
during the age period creates an increasing 
number of specialized structures necessary for the 
functions of the organism. In turn, this should cause 
the increase in the production of HG genes 
responsible for metabolic processes and energy 
production in cells. To verify the validity of this 
assumption, we identified 24 maximally productive 
genes responsible for metabolic processes from 
1,857 HG genes. Their total RNA production 
amounted to 53% of the total production of all 
1,857 HG genes. The activity of our selected 
metabolic genes was high compared to other HG 
genes (p-value < 0.0001). The graph in Figure 1 
shows the averaged HG values for all tissues 
before and after subtracting the activity of 
metabolic genes from them. 

 
 
Figure 1.  Dynamics of RNA production value of the HG group (blue)  and HG group exclude metabolic 
genes (green) in the period from 1 month to 27 months. 
 

https://esmed.org/MRA/index.php/mra/article/view/4927
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As can be seen from Figure 1, the level of total 
RNA production of HG genes (highlighted in blue 
on the graph) increases significantly after the age 
of 18 up to 24 months. When excluding the 
activity of 24 metabolic genes selected by us from 
the total RNA production, the obtained curve 
(highlighted in green on the graph) took the form 
of an almost straight descending line. This result 
clearly proves that the increase in the activity of 

PG gene production at the age of 21 to 24 
months is determined precisely by the activity of 
metabolic genes. Taking into account that tissues of 
the organism have different mitotic activity, we 
decided to select from all tissues present in the 
database two groups of tissues, as close in number 
as possible, related by their mitotic activity. The 
first group (Group I) with low MI values included 
tissues: Bone, Kidney, Limb, Spleen, Liver. 

 

 
Figure 2.  Dynamics of RNA production value of all genes divided into HG and IntG groups in the period from 
1 month to 27 months, Group I with low MI values included tissues: Bone, Kidney, Limb, Spleen, Liver.   
 
The graph presented in Figure 2 demonstrates a 
pronounced rise in HG activity (marked in red 
color on the graph) after 21 months of age. It 
becomes evident that this rise is provided by the 
activity of metabolic genes that make the main 
contribution to the growth of total HG values 
shown in Figure 1. This result is associated with the 
overwhelming number of cells in the resting state 
and loaded with the fulfillment of body functions. 
 
The dynamics of total HG and IntG values for 
another group of tissues is shown in Figure 3. The 

designations of the values of these genome parts 
are similar to the previous group. The second 
group of tissues (Group II) with high MI included: 
Bone marrow, Skin, Small, WBC. 
 
As shown in Figure 3 in tissues with high MI (Group 
II) we observe only a small rise in HG gene 
production values at 21 months of age with 
greater overall variability in the data, which is 
significantly different from the dynamics of RNA 
production in Group I. 

 

https://esmed.org/MRA/index.php/mra/article/view/4927
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Figure 3.  Dynamics of RNA production value of all genes divided into HG and IntG groups in the period from 
1 month to 27 months Group II with high MI values included tissues: Marrow, Skin, Small, WBC. 
 

Discussion 
In this paper, we continue to analyze the changes 
in RNA production in Mus musculus by investigating 
its dynamics within the functional part of HG 
genes. We were motivated to do so by some 
specific characteristics of the results obtained 
earlier.  Thus, in the period from 21 to 24 months, 
which has all the signs of aging in Mus musculus, we 
observed an increase in HG levels, which obviously 
required an explanation. In addition, it was shown 
that the level of metabolism, measured in a large 
group of people of different ages, remains 
unchanged and relatively constant between 20 
and 60 years of age23, after which it changes 
significantly. By comparing the age of humans and 
Mus musculus, we obtain an approximate 
correspondence in which the age of mice at 18 
months corresponds to the age of humans at 60 
years.  This is exactly the age after which we 
observed a rise in the level of RNA production in 
Mus musculus. Taking into account the available 
data on changes in mitochondrial and metabolic 
gene activity in the organism of old age24, we 
decided to consider the dynamics of RNA 
production of HG genes, some of which are 
responsible for these processes. The results 
obtained (Figure 1) prove the accuracy of our 
assumption about the reasons for the rise in the 
level of HG gene production in late ages. The 
graph shows that by eliminating the activity of 24 
metabolic genes, we obtain a graph of smooth 
decrease in the values of total RNA production of 
infrastructural genes in all tissues. Analyzing the 

received result, we should pay attention to the fact 
that being engaged in the study of aging, most 
researchers focus on the age-related changes 
occurring in the organism in late ages. During this 
period, the various indicators under study reach 
their maximum differences from their normal 
values. Research focused on changes occurring in 
the second half of ontogenesis is doomed to deal 
only with the consequences of aging processes, 
missing their causes. It is also important to note that 
the animals involved in the experiments are a kind 
of long livers with certain genetic features that 
allow them to undergo a kind of natural selection 
and reach the age limits for the species. Thus, the 
experimental groups undergo their own natural 
selection, which essentially changes the general 
picture of the results obtained. It can be assumed 
that the increase in RNA production of HG 
metabolic genes is one of the conditions for 
survival in late ages and is associated with the 
need to compensate for the increasing energy 
consumption by the already existing specialized 
cell structures, responsible for the performance of 
organism functions25. The increase in the number of 
free radicals and associated damage caused by 
oxygen stress with age is also explained here. It is 
obvious that these processes occurring during late 
aging are primarily associated with changes 
occurring in the mitochondrial apparatus of cells26, 

27. It should be emphasized that the increase in the 
activity of metabolic genes in late ages is 
associated not with an increase in the number of 
organism functional structures, but with the need to 

https://esmed.org/MRA/index.php/mra/article/view/4927
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preserve their energy expenditures in conditions of 
their decreasing efficiency. In addition, the 
decrease and dysregulation of RNA translation 
processes significantly increases in the process of 
aging28, 29, contributes greatly to the increase of 
cellular protein demand. 
 
In dividing the tissues of the organism on the basis 
of mitotic index (MI) we were guided by the way 
the organism uses its tissues. In one case, the cells 
themselves are needed as a consumable material 
(tissues with high MI), in the other case the constant 
work of cellular structures is necessary (tissues with 
low MI). In works on aging, a lot of attention is 
paid to cells and tissues with high mitotic index. 
These properties allow such cells to retain a high 
regenerative potential and make them a target 
for experiments aimed at rejuvenation30, 31, and 32. 
From our point of view, only influencing the 
epigenetic mechanisms of cells with high MI is 
clearly insufficient to achieve true rejuvenation of 
the organism. On the other hand, the bulk of the 
organism consists of organs and tissues composed 
of post mitotic cells and cells with low MI. There 
are many works devoted to aging processes in 
such cells, the influence of old cells on surrounding 
tissues and the reaction of the immune system to 
them. The contribution to the aging processes and 
the negative effects of old cells on the organism, 
have been shown in a number of articles33 –37.  As 
demonstrated by our results in the group of tissues 
with low MI (Figure 2), where the total number of 
tissue cells increasing with age and passed into the 
resting state is significantly greater.  This leads to 
a significant increase in the level of HG gene 
production in late ages. In tissues with low MI 
(Figure 3), no such pronounced rise was observed. 
  The confirmation of the fact that such a rise is 
realized at the expenses of metabolic genes is 
presented on the obtained graph (Figure 1). Thus, 
we can assert that the rise in HG gene production 
in late ages occurs mainly in tissues with low MI 
due to RNA synthesis of metabolic genes. The 
results we have presented from the analysis of our 
two selected tissue groups confirm our assumptions 
of a significant difference between the two main 
tissue groups. The analysis of age-related changes 
in these groups draw attention to a common 
strategy present at both cellular and species 
levels. Here we are talking about a choice 
between reproduction and survival strategies. 
While at the species level the result of this choice is 
reproductive activity, at the cellular level it is the 
transition from active division to a quiescent state.   
For cells, this transition is mainly associated with 
the use of regulation based on the activity of the 
mTOR pathway and the associated metabolic 
activity of the cell38, 39. 

 
In the course of evolution, the ability of cells to 
remain dormant under conditions of nutrient 
substrate deficiency was an obvious advantage, 
contributing to their survival. During mitotic rest, the 
cell's needs are minimized, and the activity of 
biosynthetic and metabolic processes is reduced, 
giving it the opportunity not only to save resources, 
but also to turn on repair processes if necessary. 
Another situation arises when a cell becomes a 
part of a multicellular organism, participating in a 
developmental program to form an organism. To 
maintain the continuity of the cell's organism 
functions, as well as to maintain the structural parts 
of the organism, it is necessary to keep the cell in 
the phase of mitotic pause for a long and 
sometimes permanent period of time. It is in this 
case that a contradiction between the needs of the 
organism as a whole and the needs of the cell 
itself arises.  We believe that there is an optimal 
time between cell cycles, which is determined by 
the rate of attenuation of the impulse stimulating 
biosynthesis of cellular structures, including their 
reparative activity and represented by HG genes. 
Going beyond the optimal duration naturally 
leads to the situation when the total level of gene 
production within HG is redistributed from genes 
responsible for the process of biosynthesis and 
repair to the activity of metabolic genes.  
 

Conclusion 
Earlier in our previous work, we observed a rise in 
the level of HG gene production at the age of 21 
to 24 months, when aging processes are already 
significant.  To explain this phenomenon, we 
hypothesized that such an increase in the activity 
of the HG part of the genome in late ages is 
associated with an increased demand of cells for 
energy production to maintain the weakening 
functions of the organism. We identified a block of 
24 most productive genes responsible for 
metabolic activity and energy production in the 
cell from the HG part of the genome. As data 
analysis showed, these genes were responsible for 
the rise in overall HG gene activity. Excluding their 
activity, the fall in the level of total HG production 
continued (Figure 1). We also hypothesized that 
the upsurge in demand for cellular energy 
structures in the aging organism is most 
pronounced in highly differentiated tissues. To this 
end, we distinguished two groups of tissues, 
according to the level of their MI. The results 
presented in the graphs allow us to conclude that 
such a rise in production in HG genes is especially 
pronounced in HG genes in the group of tissues 
with low MI in Group I as compared to Group II, 
which is shown in Figure 2 and Figure 3. In 
conclusion, these results allow us to continue our 

https://esmed.org/MRA/index.php/mra/article/view/4927
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work on age-related proteome dynamics. We 
plan to compare these results with other databases 
to identify similar patterns of RNA production 
dynamics. This will allow us to come to a deeper 
understanding of the workings of aging 
mechanisms. 
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