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Abstract – The present study focuses on mathematical 

modeling of the dynamics of gene expression levels of circadian 

rhythm. All living organisms exhibit daily (circadian) rhythms. 

At first glance, there is a feeling that circadian rhythms caused 

by external reasons, but they exist offline: these processes are 

innate, are of endogenous origin, i.e. do not occur exclusively in 

response to external stimuli, and are generated within the body. 

One such process is gene expression. The object of the research 

work are the expression levels of genes associated with circadian 

rhythms. The subject of research is the nature of change of gene 

expression levels in different conditions of sleep. The process 

focuses on coexpression (i.e., the relationship between expression 

levels of different genes). To solve this problem it is necessary to 

assess the coordination of gene expression using the Pearson 

correlation and to compensate for the different number of 

samples in the groups due to the transition to the levels of 

statistical significance (p-value). The study of the effect of 

insufficient sleep on circadian rhythmicity and changes in the 

expression of the transcriptome of human blood is of great 

interest. Despite recent technological advances in this field, the 

study of the human transcriptome is still in its early stages. 

Mechanisms resulting in negative health consequences as a result 

of insufficient sleep, remain uncertain. Molecular basis 

physiological effects of shift circadian rhythms is still not fully 

understood. Research devoted to identifying the role of sleep 

duration in the change in the dynamics of gene expression levels 

of circadian rhythm, are of great importance for clinical 

applications. 
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I. INTRODUCTION 

Expression of genes identified as circadian depends on 
control and sleep conditions. The most important factor is a 
full sleep. Insufficient sleep, defined as inadequate or 
erroneous sleep, is increasingly recognized as contributing to a 
wide range of health problems [22].  

Animal studies have shown that both chronic sleep 
deprivation and acute sleep loss lead to transcriptome changes 
(a set of transcripts of all expressed genes representing the 
first level of deployment and realization of genetic 
information contained in the genome) [11, 24]. Despite the 
latest technological advances in this field, the study of human 
transcriptome is still at an early stage. The researchers note 
that "insufficient sleep and circadian rhythm disturbances are 
associated with negative health consequences, but the 
mechanisms involved remain largely unexplored» [25]. 

II. PROBLEM STATEMENT 

Many physiological and molecular processes are 
modulated by circadian rhythms [30, 13,  17]. The behavior of 
living creatures is synchronized with the light/dark cycle [31].  

The widespread use of modern technologies, in particular, 
the technique of DNA chips (microarray-analysis), allowed to 
bring the study of circadian rhythms to a qualitatively new 
level [26, 28].  

The results of studies of the last two decades show that the 
system of formation of circadian rhythms is organized much 
more difficult than previously thought [32, 12, 7, 1]. 
Experiments have shown that circadian rhythms occur not 
only when there are external signals, but also when there are 
none [20]. 

III. RESEARCH QUESTIONS 

We present an overview of existing models of gene 
expression and modern ideas about the system of gene 
expression (hereinafter – GE). 

In the functioning of any living organism, a special place is 
occupied by the regulation of GE, which controls the 
production of a protein, depending on the needs of the body. 
In particular, this process determines the growth and formation 
of the living organism and its components. Improper 
regulation is often the cause of the disease.  

A set of jointly expressed, interacting with each other 
genes that perform a certain function in the body, called HS, 
which is a structurally complex object consisting of elements 
of different nature (genes, RNA, proteins, encoded by these 
genes).  

Search, detection and understanding of gene coexpression 
within the network are today one of the important tasks of 
system biology, computational biology and bioinformatics [16].  

A gene is a piece of DNA. GE is the process of gene 
activity, as a result of which the final product — protein is 
synthesized on the basis of information encoded in the gene. 
Expression level is the amount of protein produced. Control of 
biological functions is carried out by regulating the level of 
gene expression. 

IV. PURPOSE OF THE STUDY 

 The aim of the work is to identify the effect of sleep 
duration on the change in gene expression, estimated in terms 
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of correlation. In accordance with the purpose the following 
tasks are formulated:  

1. To systematize a set of data allowing to trace change of 
expression of genes on time for each person 
(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE39
445) [25]. 

2. To carry out a correlation analysis of gene expression 
levels controlling circadian rhythms. 

3. Highlight significant correlations. 

4. Construct a graph of pair correlations. 

5. To compare the graphs, corresponding to different 
sleeping conditions. 

V. RESEARCH METHODS 

Note the most different approaches to the description of 
the gene network (HS) and gene expression evaluation: 
threshold method [9], differential [2, 29, 15] and statistical 
equations [23, 27], Petri nets [14, 8, 12], chemical-kinetic 
method [19], evolutionary modeling [6]. It is possible to 
decide which model is more adequate only on the basis of 
experimental data. 

VI. FINDINGS 

The most important property of HS is the ability to change 
the state (concentration of substances) in response to changing 
conditions of the external and internal environment. Change of 
state is achieved by changing the level of expression of certain 
groups of genes.  

Violation of the usual biological rhythms (insomnia, work 
in the night shift, etc.) may be associated with changes in the 
expression of the circadian genes. This is typical for bmal 1, 
Per2, Per3 and Clock genes [5, 10, 1]. 

Biologists from the University of McGill (Montreal, 
Canada) under the leadership of Laura Kervezee (Laura 
Kervezee) decided to test how sleepless night affects genes, 
the expression of which is configured by the biological clock 
of the body. Their experiment involved eight volunteers 
(average age — 22.5 years), who were placed in laboratory 
rooms for a few days. Peripheral blood samples were taken 
from each of them several times a day (from 12 to 14 times 
during the whole period) for genomic analysis.  

The first day participants were allowed to spend as they 
usually do: it gave the opportunity to consider the "usual" for 
each volunteer gene expression, as well as to find out the time 
of normal bedtime. Over the next four days, participants could 
only sleep eight hours a day. 

On average, participants slept less during the night shift: 
on the last day of the study — about 38 minutes less than their 
allowed time. After analyzing the transcript of the participants, 
the scientists identified genes, increased or decreased 
expression of which depends on the work of individual 
biological hours of participants. In addition to the genes-
regulators of circadian rhythms, scientists have also recorded 
other genes involved in the maintenance of immunity and 
metabolism. 

Data containing gene expression determined from blood 
samples at successive points in time for several dozen 
individuals were described in [25].  

After two basic (habitual) nights, participants had seven 
consecutive sleep opportunities for 6 hours in the sleep 
restriction state (SR) and seven consecutive sleep 
opportunities for 10 hours in the control state (SE).  

After sleeping in the control state, the participants were 
subjected to extended wakefulness (39-41 hours of total lack 
of sleep). Implemented hourly melatonin assessments. After a 
12-hour recovery sleep, participants in the experiment ended.  

After sufficient sleep, the expression value during 
awakening changed from pre-sleep in only 122 genes, while 
after insufficient sleep in 856 genes. The data show that the 
change in gene expression depends on sleep duration. 
Differences in gene expression values are relatively small. 
However, reliable and rigorous data quality control and 
statistical analysis suggest that these differences cannot be 
neglected. We have fixed a lot of genes under consideration: 
ARNTL (BMAL1), BHLHE40 (DEC1), CLOCK, CSNK1E, 
CRY1, CRY2, PER1, PER2, PER3, MTNR1A, MTNR1B 
(Möller-Levet et al., 2013). 

Then the samples were divided into two groups — SE and 
SR (sleep types before the experiment: normal and insufficient 
sleep). In group SE — 22 subjects, in group SR — 24. 

To solve the problems of the work it is necessary to assess 
the coordination of gene expression through Pearson 
correlation and compensate for the different number of 
samples in the groups due to the transition to the levels of 
statistical significance (p-value). 

For each test subject within the SE group, all possible 
pairwise correlations between the 11 genes under 
consideration were calculated for all time points.  

To assess the strength of the correlation, we assume that 
the absolute values from 0 to +/- 0,299 indicate a weak 
relationship, the values from +/- 0,3 to +/- 0,699 — on the 
relationship of average (moderate), values from +/- 0.7 to +/- 1 
— a strong bond.  

The obtained correlations for each pair of genes were 
averaged, taking the median for all subjects. The results are 
given in the Appendix (table. 1). 

Similar calculations were made for the subjects of the SR 
group, their results are given in the Annex (table 2). As can be 
seen from tables 1 and 2, pairs of genes do not have a high 
relationship in any of the groups (with normal sleep and lack 
of sleep). 

Next, to compare the two samples, we applied a pair 
statistical test (nonparametric) to the sets of correlation 
modules (using Wilcoxon Signed-Rank Test we determined p-
value equal to 0.35758) and made sure that globally 
significant differences could not be found: it can not be said 
that in one group (modules) the correlation is on average 
significantly higher than in the other. 
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Then we moved from correlations to their statistical 
significance (p-value).  

We consider high (significant) correlations with p-value 
less than 0.1 (the threshold on p-value equal to 0.1 is in terms 
of traditional criteria weak).  

P-value was calculated for each pair of genes.  

The results of calculations are given in the Appendix 
(table. 3). 

When the pair correlations for the two groups of patients, it 
is convenient to illustrate the count. Figure 1 shows a graph of 

paired correlations common to the two groups of subjects. The 
vertices of the graph are genes. The thickness of the ribs 
showed significance. Higher modulo correlations or, 
equivalently, closer to zero p-value were compared by thicker 
edges. 

Because of high correlations is small, then the 
"compressed" graph comprises 10 genes, and then the count of 
pair correlations, illustrating the significant correlations of 
expression levels, looks as depicted in picture 2 (remove 
insignificant edges). His peaks – genes with the same pair of 
vertices are connected by an edge if the correlation for this 
pair of genes is statistically significant. 

 

 

Fig. 1. Complete pair correlation graph 

- the value of correlations is negative, low significance of correlation (p-value>0.1);  

- the value of correlations is negative, high significance of the correlation (p-value< 0.1); 

- the values of the correlations are negative (in the same group correlation is low); 

- the values of the correlations are positive, low significance of correlation  (p-value>0.1); 

- the values of the correlations are positive, high significance of correlation  (p-value< 0.1); 

- the values of the correlations are positive (in the same group correlation is low) 

- the values of the correlations in two groups opposite (positive and negative). 

Graph – a graphic visualization of coordination in the work of genes.  

 

VII. CONCLUSION 

Thus, in the course of the study the following work was 
carried out: 

1. Tables of pairwise correlations are compiled. 

2. A graph illustrating significant correlations of 
expression levels is constructed. 

3. It is established that insufficient sleep did not actually 
affect the coordination of the work of the circadian machinery. 

Sum up. Since the correlation was studied by a series of 
time points, the dynamics of gene expression was considered. 

The results are presented of calculations for the individual 
pairs of genes show that the difference in correlations still 
appears to be considerable, for example: CSNK1E, PER3 
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(0.197 inch) and BHLHE40, CLOCK (0,178). For these pairs 
Q1 correlations were 0.473, Q3 correlations — 0.506. It is 
confirmed that the CRY-PER complex plays a Central role in 
the molecular mechanism of circadian maschineria [3, 4, 33, 
10, 18]. The data obtained indicate an anticorrelation 
relationship between cry2 and PER3 gene expression. 
Nevertheless, a systematic biological interpretation of these 
factors is needed. This is a difficult but interesting task. 
Circadian machinery is a new promising tool for such system 
studies. Further researches are needed in this direction  
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