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Abstract

The purpose of the study is metagenomics, a generalization of the human genome certification program by 
including the genome of bacteria necessary for humans. A new point is the classification of the respons-
es of DNA and RNA of human cells to an external electromagnetic field. Accordingly, a number of ranges 
are presented, and formulas for the natural frequencies of DNA are obtained. A formula is given for the 
oscillations of the ring DNA as a whole, presumably in the terahertz range. A general formula for the lon-
gitudinal oscillations of the DNA helix is obtained, and it is shown that these oscillations can be caused 
by radio waves of the low and medium frequency range. Data on resonances of DNA oscillations in the 
ultraviolet range are analyzed, and a mechanism for enhancing DNA self-repair under the influence of ul-
traviolet is proposed. It is determined that in the centimeter range, DNA fluctuations are associated with 
torsional vibrations of DNA spirals. Differential equations describing the torsional oscillations of DNA 
under replication conditions, taking into account dissipation, are considered, and their solution is found. 
Graphs of absorption of centimeter waves by E. Coli M17, Micobacterium Avium 104 Micobacterium tu-
berculosis H37Rv DNA molecules, where absorption peaks coincide with the calculated frequency, are pre-
sented. Formulas for the frequency of a number of modes of mechanical vibrations of the DNA molecule are 
given, and a formula for longitudinal vibrations of nucleosomes along the primary DNA helix is obtained. 

The formula for torsional vibrations of the secondary DNA helix is obtained.It is shown that in short DNA mol-
ecules, as well as in covid-19 RNA, for which the resonances of torsional vibrations of the spirals lie in the range 
of 50-400 GHz, there is a subharmonic resonance at multiple frequencies in the centimeter range, the effect 
of which can be enhanced by using a pulse mode. The formula for the oscillation frequency of single-stranded 
RNAs is given. Practical conclusions from studies of DNA spectra are given. The necessity of an integrat-
ed approach and integration of databases in the topic of DNA certification of the human body is indicated.
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Introduction
The certification of the human genome involves the 
identification of a person by his genome. That is, it 
involves the determination of all his genetic material.

Extended certification involves the inclusion in the 
genome, including the genome of E. coli, of possible 
pathogenic viruses in the body, which must be classi-
fied according to their response to an external electro-
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magnetic field.

Due to the development of the electrical appliance 
industry, automation, telemechanics, computing, ra-
dio and other technology, the issue of environmental 
safety of devices surrounding humans is becoming 
more acute. In particular, there is a problem associat-
ed with the effect of external electromagnetic fields 
on the DNA of human cells, as well as on the DNA 
of bacteria of the intestinal flora. This leads to a new 
task of DNA certification - in terms of classifying 
the responses of DNA cells of the body to an exter-
nal electromagnetic field. On the other hand, since 
the DNA of chromosomes of different people differ, 
albeit slightly, in the number of base pairs, the fre-
quencies of the electromagnetic field to which DNA 
responds will also differ, which may become the ba-
sis for identification. 
Let’s briefly list the studied ranges of electromag-
netic waves and explain the research method. DNA 
molecules are able to respond to low- and medi-
um-frequency waves. The centimeter spectrum of 
DNA was studied in [1-3]. In the elastic rod model, it 
was found that the action of centimeter waves on E. 
coli DNA with a frequency equal to the natural fre-
quency of DNA torsional vibrations leads to a sharp 
decrease in the survival of the bacterium. Using La-
grangian formalism and using experimental data, a 
formula for this frequency is obtained:

/f k N=          (1)

k = 21,75 TGHz, N – number of base pairs in DNA 
[3].
Formula (1), expressed in terms of the number of 
turns n, will have the form:

/ 10f q n=

These formulas are common to all c molecules with 
a double helix. There are studies on the effects of 
millimeter waves on DNA in vivo, but they cannot be 
considered correct due to the low penetration depth. 
The terahertz (subterahertz) range was studied in [4-
11]. In [5] it is stated that each DNA base corresponds 
to an absorption frequency, the authors believe that 
hydrogen bonds are responsible for resonance in the 
terahertz range [9]. 
The infrared spectrum of DNA is caused by 

quantum transitions between electronic levels. The 
maximum absorption is 253.7 nm. It is possible that 
at 260 nm there is a maximum absorption by histone 
oligomers.

Degrees of freedom Fluctuations in bacterial (inside 
the human body) DNA can be associated with such 
a degree of freedom as the rotation of the ring DNA 
as a whole around attachment to the cell membrane. 
The cyclic frequency is equal to

1/24 ( / ) /k m rω π=

where m is the mass of the molecule, k is the stiffness 
coefficient of the DNA ring attachment to the 
membrane, and r is the radius of the ring. Due to the 
fact that the DNA molecule is neutral and microwaves 
act on dipoles along the length of the spiral of the 
molecule, the amplitude of vibrations should be 
extremely small. Another degree of freedom of the 
DNA molecule is the longitudinal vibrations of 
nucleosomes along the primary DNA helix. There are 
no synchronous oscillations at small amplitudes. In 
the solenoid model, there are 6 nucleosomes for each 
step of the fibrillar spiral, in a more realistic model, 
where nucleosomes are connected into oligomers, 
the number of nucleosomes per turn of the secondary 
spiral varies. The connected oscillations of three 
oligosomes with different numbers of monomers 
with one free and the other fixed end are described 
by the equation

0µν
µϒ Χ =

µΧ - отклонения от положения равновесия. 
Равенство нулю детерминанта матрицы  ϒ  дает 
уравнение

2 2 2 2
1 2 1 2 1 3 1 3 2 3 2 3 1 2 3 1 2 3( ) ( ) ( ) ( ) 0kM M f f kM M f f kM M f f M M M f f f+ + − =

where fi is the cyclic frequency, Mi is the mass of the 
oligomer, and k is the stiffness coefficient. A particular 
solution is the standard expression

/f k M=
where M is the harmonic mean Mi. The formula is 
generalized for an arbitrary number of oligosomes.

The Kilohertz and Megahertz Range
Presumably, the oscillation frequencies of one 
DNA chain relative to another lie in this area. For 
longitudinal vibrations of a DNA double helix of
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length l, the stiffness is determined by the formula

0 0 /k k l l=
where k0, l0 are known stiffness and length. The length 
can be expressed in terms of the number of base 
pairs N. Then the formula for the cyclic oscillation 
frequency has the form

0 02 ( )
2

k N
N m

ω =

where m is the mass of the DNA base pair. Using the 
data [13], we obtain k0 = N/m, hence the wavelengths 
of longitudinal vibrations of human chromosome 
DNA are on the order of thousands of kilometers, 
bacterial DNA is on the order of kilohertz, and rings 
of fibrils with 105 nucleotide pairs in each are on the 
order of megahertz.

Centimeter Range 
The effect of centimeter waves on DNA was studied, 
in particular, it was found that microwave deactivates 
bacterial cells, it was assumed that bacterial 
inactivation is a consequence of deactivation of 
genes regulating oxidation and DNA damage [14]. 
In particular, Staphylococcus aureus bacteria were 
irradiated with a pulsed field with a peak frequency 
of 3.5 GHz. However, in this work, as in all works 
devoted to the centimeter range, the mechanism of the 
effect of microwaves on DNA has not been identified, 
there is no justification that the effect of microwaves 
was not thermal. In the absence of replication, the 
natural frequency of torsional vibrations of DNA is 
expressed by the formula (1).

Torsional vibrations of the secondary DNA helix are 
described by formula (1), but due to changes in the 
radius of the coil and its mass, the coefficient before 
the formula becomes 0.28 x 21.75 = 6.09 THz. In the 
presence of replication, the moment of inertia of DNA 
turns increases due to the formation of replication 
forks, approximately the moment of inertia of a set 
of DNA turns I can be represented as I = I0 + at. 
To account for friction, you need to use Lagrange 
equations of the 2nd kind. At high frequencies, 
a quadratic term is added in the expansion of the 
friction force by velocity:

where k is the coefficient of rigidity, c, a and b are 
constants, are the angles of twisting of the ends of 
the DNA helix, I0 is the initial moment of inertia of 
the halves of the helix. Let’s make the equations di-
mensionless, introduce

0 0 0 0 0/ ; 2 / ;g a I k I tω ω η ω= = =

Then the equations will look like:
(1 )   0   g gϕ ϕ ϕη+ + =+ 

An increase in the moment of inertia replaces friction; 
at g much less than one, the frequency decreases 
linearly. Taking into account friction, the quadratic 
velocity term of the system of equations reduces to 
the Riccati equation:

( ) .  u vτΦ = − Φ

Ф and r – redefined angle and time, ,u ν - constants. 
The solution has the form:

1 22/3 2/3( ) ( )u v u vc Ai c Bi
u u
τ τ− −

Φ = +

where Ai and Bi are Airy functions, thus the 
resulting oscillations are sinusoidal with decreasing 
frequency and increasing amplitude over time. a 
direct experiment was carried out, it was shown that 
DNA is resonantly absorbed by centimeter waves 
at a frequency equal to the natural frequency of 
torsional vibrations of the DNA helix [15]. If we plot 
the curves of the absorption coefficient dependence 
on frequency, the peaks are sufficiently highlighted:

Figure1.Dependence of the DNA absorption
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coefficient on the radiation frequency.

At a resonant frequency f0 = 10.272 GHz, an effective 
absorption of 7.0% was obtained on an E. coli M17 
culture (Fig. 1, curve I). A certain resonant frequency 
is close to the estimated value of 10.26 GHz. In the 
M. Avium 104 culture, the effective absorption was 
7.3%, the resonant frequency was f0 = 10.317 GHz 
and close to the calculated 10.31 GHz (Fig. 1, curve 
II). In Mycobacterium tuberculosis H37Rv culture – 
7.1%, f0 = 10.356 GHz and close to the calculated 
value of 10.36 GHz (Fig. 1, curve III). 

Table 1: 
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The number of nucleotide pairs of human DNA is tens 
and hundreds of times greater than that of bacterial 
DNA. The natural frequency range of torsional vibra-
tions of 23 different human DNA ranges from 1.97 
to 4.29 GHz. For clarity, the data for calculating the 
natural frequencies of torsional vibrations of human 
DNA are summarized in 

We recalculate the dependence of E. coli survival on 
the time of exposure to EMF on the dependence of 
survival on frequency [12].

The dependence of the natural frequencies of torsional vibrations of the human DNA helix on the average number of nucleotide 
pairs in a particular DNA

The natural frequencies of torsional oscilla-
tions of E. coli DNA of the intestine are in the 
range of 9.5 – 10.5 GHz. The human intes-
tine contains an average of about 50 trillion. 

There are about 1.3 times more bacteria than the 
total number of cells in the body. For clarity, Ta-
ble 2 shows a small number of gastrointestinal bac-
teria of different classes with their characteristics 



Table 2
Characteristics of the bacteria of the gastrointestinal tract
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The data in both tables are illustrative, given for 
convenience, obtained by searching, selecting, aver-
aging and using the ratio (1). It should also be under-
stood that the response to these frequencies depends 
on the irradiation time, the power flux density (non–
thermal level) of radiation, etc., i.e., the data in the 
table is only the first step. For some bacteria, only 
approximate values of DNA length and, according-
ly, approximate frequencies of torsional vibrations 
of the DNA helix are given. 

Millimeter Range 
Human plasmid DNA contains 3 x 105 base pairs, 
the frequency of torsional vibrations from the ratio 
(1) is about 40 GHz, the wavelength is 7.55 mm.

The Range is 50-400 GHz 
In this intermediate range lie the frequencies of tor-
sional vibrations of short DNA spirals, in particular, 
human mitochondrial DNA (16,569 base pairs), as 
well as DNA of blood lymphocytes. The nitroge-
nous base in RNA, complementary to adenine, is not 
thymine with a molar mass of 126.11334 g/mol, as 
in DNA, but uracil with a molar mass of 112.08676 
g/mol (an unmethylated form of thymine). That is, 
the mass and, accordingly, the moment of inertia of 
the spiral coil is less.

The effect of an external electromagnetic field on 
disordered RNA twists non-spiral sections of the

chain into a spiral, therefore formula (1) is also valid 
for single RNAs. As a result, we have:

1/2
_ 31,196RNA SINGLEf N −=

where N is the number of bases (not pairs). For double 
helix RNA or for two RNAs in a capsid

1/2
_ 22,0589RNA DUBLEf N −=

It was shown that the effect of these frequencies on the 
DNA of human blood lymphocytes in vitro leads to a 
sharp increase in the number of single-strand breaks 
[16]. In vivo exposure is difficult due to the skin effect 
that prevents the penetration of a high-frequency 
electromagnetic field. However, it is possible to use 
tens of times smaller multiples of frequencies that 
cause subharmonic resonance. Resonance occurs at 
all frequencies of the driving force, which satisfy the 
ratio mf – nf0 = 0, where m, n are small integers. In 
our case, it is necessary that the frequency ratio be a 
half-integer: f0 = 3nf/2, where n = 1, 2, 3... Indirectly, 
the excitation of subharmonic resonance by multiples 
of frequencies in the centimeter range in amoebocyte 
DNA molecules was confirmed in, direct confirmation 
in [17-18].

Frequencies of the Order of 1012 Hz 

In addition to the inter-level transitions of molecules O2, 
CO, H2 O, etc., in addition to the resonances of rotational 
and vibrational transitions of various neutral in general,



it is not possible to excite classical mechanical bend-
ing vibrations in it with an electromagnetic field with 
a frequency of terahertz.

The IR Spectrum 
The infrared spectrum of DNA, as indicated was 
studied, the data were generalized, absorption lines 
are associated with fluctuations in individual bonds 
between atoms (see classification in [20]) [12, 19].

Ultraviolet Spectrum
The effect of daylight causes the effect of hormesis 
in a number of bacteria, for example, in E. coli [21, 
22]. UV excites the DNA electronic system. Absorp-
tion maxima lie below 315 nm, but absorption also 
occurs at 532 nm with coherent radiation, when the 
energies of two photons are added up. It is also pos-
sible that there is a resonant effect of ultraviolet ra-
diation of the frequency lying on the border of UV-A 
and UV-B on the DNA level system. UV transforms 
the molecule into an excited state, which in the sem-
iconductor model facilitates the transition to the con-
duction band, which enhances DNA self-repair. It 
is possible that the mechanism of DNA self-repair 
is associated with transitions through the forbidden 
zone [22].

Conclusion 
The insufficiency of generally accepted DNA mod-
els, in addition, the uncertainty in the interpretation 
of DNA spectra means the need for an integrated ap-
proach and database integration. On the other hand, 
already at the level of fibrillation loops, their fixation 
on the nuclear matrix necessarily leads to a change in 
natural frequencies, which can be determined using 
tensor analysis, as, for example, in [23, 24], but with 
reference to experimental data and practical appli-
cation. 

Since non-thermal centimeter waves freely pass 
through the human body, they can be used both in the 
suppression of malignant neoplasms and in the treat-
ment of infectious diseases, tuberculosis, etc. [25].

The effect of increasing the survival rate of intestinal 
flora bacteria under the action of UV can be used in 
medicine. 
The multiple frequency method can be applied in te-

rms of RNA rupture of viruses such as covid-19, the 
parameters of which correspond to the parameters of 
the DNA of lymphocytes. Extended certification of 
the human genome may provide an opportunity for 
medical recommendations of various kinds. Individ-
ual identification can be carried out using the exact 
frequencies.
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