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Summary

  A way of viewing the genetic information in all organisms on Earth as constituents of the Pangenome 
is proposed. According to this concept, the Pangenome is the common (collective) genetic system 
of all living organisms, the organic molecules and their complexes (DNA- and RNA-containing vi-
ruses, plasmids, transposons, insertion sequences) involved in the storage and transmission proc-
esses of genetic information. Pangenomic stability and variability are discussed. This concept alerts 
to the inherent fl uidity and transmissibility of DNA among organisms of all types, including hori-
zontal gene transfer between closely related and formally unrelated macro- and microorganisms. 
The roles of death and of all known food chains as universal ways of gene distribution among dif-
ferent organisms are discussed. The contribution of bacteria and viruses in maintaining the cir-
culation of genes within the Pangenome is presented. This concept implies that newly emerging 
genes are not bound to disappear together with the death of an organism or the extinction of a 
species and microorganisms are the main pool of genes. Some negative aspects of the intervention 
of molecular genetics, biotechnology, and ecology, including the spread of transgenic plants and 
animals, are summarized. It is shown that this concept may be used in medicine for the prognosis 
of an epidemic situation, particularly newly spreading pathogens, and for the development of new 
methods for the prophylaxis and early diagnosis of oncologic diseases. This concept can also help 
to fi nd promising approaches to the discovery of drugs with novel principles of action.
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BACKGROUND

The genomes of some organisms have been sequenced in 
recent years, including those of about 100 unicellular or-
ganisms such as bacteria, archaea, fungi, and the human. 
Intensive development of gene engineering and biotech-
nology has led to the appearance of new opportunities to 
change the genetic information of individual cells and or-
ganisms. Plants that contain genes, which are not inherent 
to them, are created in some countries for use in the ani-
mal or human food supply. First attempts to change the hu-
man genome have already been carried out.

Approaches to the study of the genetic system and proteins 
have changed as well, and have resulted in the emergence 
of new disciplines of science: genomics and proteomics. In 
spite of all these achievements, the main part of the research 
has no general theoretical basis containing a model of total 
gene interactions in all live beings. There is no concept that 
describes the general system that could show possible ways 
to solve different biological problems and enable us to esti-
mate the real consequences of some genetic manipulations. 
As a result, it is practically impossible to search for new direct 
methods for safe intervention in the structure of a genetic 
system. At present, many investigations have low effi cien-
cy and can sometimes even have dangerous consequences 
without a general theory. At the same time, the data from 
biology and medicine compiled and summarized today al-
low us to construct some models and formulate theories on 
the organization of life at the genetic level. We offer here a 
concept based on the idea of the association of the genetic 
information of all living things living on Earth.

The prerequisite for the existence of the Homo sapiens ge-
nome, including human genes and the genes of his micro-
fl ora, was announced by Joshua Lederberg. As a designa-
tion of such a summary genome [1], he offered the term 
“Microbiome”. According to our concept there is one com-
mon (collective) genetic system, the “Pangenome”, of all liv-
ing organisms, the organic molecules and their complexes 
(DNA- and RNA-containing viruses, plasmids, transposons, 
insertion sequences) involved in processes of genetic infor-
mation storage and transmission. According to this mod-
el, the maintenance and development of the Pangenome 
is the goal or “main expediency” of what we call life. The 
proposed concept is presented here as separate items, pro-
vided with short comments for more convenient interpre-
tation. The following useful term is included – Pangenome 
– the sum of the genes of all live organisms, viruses, and 
different mobile genetic elements (the term was fi rst intro-
duced in the journal “Tsitologia”) [2];

STRUCTURE

The Pangenome possesses a module structure: it includes the 
genetic material of all living creatures (Figure 1). Every large 
module includes small ones. Multicellular organisms consist 
of numerous cells that contain chromosome(s) and gene 
elements (the genomes of single cells of eu- and prokaryo-
tes include not only the chromosome itself, but proviruses, 
plasmids, and other genetic elements). The distinguishing 
feature of these smallest modules is a partial dependence 
on chromosomes, the capacity to make new copies of them-
selves (often in great amount), and a mobility that reveals it-

self in moving within and between modules. The main part 
of the Pangenome is represented by the sum of the genes 
of various unicellular organisms, i.e. bacteria, fungi, algae, 
and protozoa, and non-cellular forms, such as viruses and 
other gene elements.

Unicellular organisms, viruses and gene elements meet the 
requirements to be the main part of the Pangenome. More 
than 109 bacterial species are believed to inhabit the bio-
sphere [3,4]. The total mass of all bacteria in the world is 
approximately 7.5×l09 tons, much larger than the total mass 
of all other live creatures: plants with 5.5×l09 tons and an-
imals with 0.5×l09 tones. Cells and gene elements are the 
most widespread creatures on Earth and occupy different 
ecological niches. Microbes are characterized by high rates 
of growth and multiplication (reproduction of genetic infor-
mation), they are found everywhere in soil and water, they 
are adapted to live at various temperatures (from –20°C to 
+250°C) and different pH levels (from 2 to 9), under high 
radiation, etc. Microbes can be found inside and on the sur-
face of practically all multicellular organisms and, moreo-
ver, animals and plants cannot live without them. Bacteria 
that represent normal microfl ora exceed the number of all 
host cells. It is considered that the human body consists of 
1013 cells and at the same time the number of microorgan-
isms that form human normal microfl ora is 1014 cells [5,6]. 
It is practically impossible to estimate even approximately 
the number of gene elements on the planet. It is considered 
that viruses are the most common biological agents in sea-
water, their number typically running to ten billion per liter 
[7]. The population of dsDNA tailed phages alone amounts 
to >1030 in the biosphere and outnumbers prokaryotic cells 
by about 10-fold in environmental samples [8]. This fantas-
tic number belongs to only one variant of virus widespread 
in the biosphere. At the same time we know that every cell 
possesses different gene elements, the number of which 
changes from a few to up to thousands. So the number of 
gene elements in multicellular organisms is more than the 
number of host cells and microbes by factors of tens and 
thousands. One more important property of microorgan-
isms is their capacity to maintain viability (for viruses this 
concept, of course, is conditional) for a very long time. 
Spores of bacteria are long-livers; according to some data, 
exposed now to continual verifi cation, they keep their vi-
ability tens and even hundreds of millions of years [9,10]. 
Obviously, fungal spores can maintain viability for a long 
time as well. Nobody now has estimated the “real life time” 
of viruses, that formally belong to living nature.

We can imagine the Pangenome as an “ocean” that is formed 
by microbes (cells) and gene elements in which the genom-
es of multicellular organisms (humans, plants, animals, fun-
gi) are shipped. The Pangenome, as well as its separate mod-
ules, has to realize two closely connected processes for its 
maintenance: conservation of the structure and its modifi -
cation. Its “stability” and “variability” are conventional terms 
because they are factually provided by the same processes.

STABILITY

Pangenomic structure stability is connected with support-
ing the species’ existence. It is realized at the molecular lev-
el by the correct functioning of enzymes that control DNA 
and RNA synthesis and the repair of various DNA damage. 
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At the same time it is possible to suppose that the strate-
gy of Pangenomic stability differs from that used in respect 
to organisms or species. For the Pangenome, most impor-
tant is the presence of genes of different types. The exist-
ence of different types of structural and regulatory genes 
and their functionally active complexes is the main “value” 
of the Pangenome. Different uni- and multicellular organ-
isms and gene elements within the Pangenome are only a 
result of the work of a separate, functionally active set of 
genes. The biomotivation (“logic”) of such a system is su-
preme in comparison with the safety of a species, popula-
tion, or biocenosis. All organisms play only a temporary role 
that is connected with the maintenance and reproduction 
of a concrete set of genes and the formation of new variants 
of them. For Pangenomic conservation it is important that 
the death of an organism or the disappearance of a species 
does not lead to the loss of their genes and their function-
ally active complexes. According to the current theory, such 
a conservation of genes can be achieved in the Pangenome 
not only by the evolution of organisms, during which new-
forming species conserve the genes of their ancestors, but 
also thanks to the constant spread of new genes between 
cells and their inclusion in different gene elements.

The conservation of genes during evolution undoubtedly 
plays an important role. It is known that many more compli-
cated organisms store the genetic information of their an-
cestors (embryogenesis repeats phylogenesis). At the same 
time, such a means of genetic information storage has its 
defects, connected with the comparatively low speed of re-
production among most multicellular organisms, the loss of 
some genes due to the disappearance of species that have 
no genetic descendants, the limited variance of ecological 
niches, and so on. Storage of genes due to their spreading 
in the Pangenome is much more rapid. Such movements of 
genes take place constantly, and the donors of genes are both 
live and dead organisms. The constant movement of genes 
plays a key role in the maintenance of the Pangenome’s ex-
istence. The distribution of unchanged genes and changed 
variants allows saving them in case of the extinction of spe-
cies and is a basis for Pangenomic variability. According to 

the concept offered, the total genetic network is continu-
ous, and the transfer of genes between various modules oc-
curs constantly. Effi ciency of transmission depends on the 
evolutionary distance between the donor and the recipient 
and the distance that the DNA must overcome on the way 
from one module to the other.

Until now the transfer of genes between closely related mi-
crobes has been the most investigated, but more and more 
data have been collected on the transfer of DNA between 
formally unrelated macro- and cells. Thus the existence of 
gene transfer between different bacteria and between bac-
teria and archeae, including with the help of various gene 
elements, was shown [11–16]. It is necessary to remark that 
DNA transfer between bacteria can be realized with the help 
of special “gene transfer agents” [17–19]. Morphologically, 
these elements resemble viruses, but they contain genes of 
bacterial chromosome and their release from cells is not 
accompanied by destruction of the latter. Gene transfer in 
multicellular organisms is also realized constantly, and vi-
ruses and free extracellular DNA that circulate in the blood 
serum of various animals and humans play an essential role 
in this process [20]. Gene transfer between evolutionarily 
unrelated objects with different levels of organization is also 
an established fact and occurs in variants, as when the do-
nor is a multicellular organism and the recipient is a cell or 
a gene element, and in the opposite direction. The moving 
of Ti plasmid from bacteria to plant cells [21] can be an ex-
ample of gene transfer between simple (bacteria) and com-
plex (plants) organisms.

It seems quite possible that gene transfer occurs not only 
from bacteria to plants, but also from bacteria to animals 
and humans. The transfer of DNA from bacteria to human 
cells in culture was recently demonstrated [20]. The source 
for such DNA can be microorganisms that colonize the sur-
face of the skin or mucous membranes and form normal 
microfl ora. Viral and plasmid DNA fed to mice has been 
found to resist digestion in the gut. Large fragments passed 
into the bloodstream and into white blood cells and spleen 
and liver cells. In some instances the viral DNA was found 
attached to mouse DNA and E. coli DNA, suggesting that it 
had integrated into the mouse and bacterial cell genome, 
respectively. When fed to pregnant mice, large fragments 
of the DNA were found in the nuclei of cells of the fetus 
and the newborn [22,23]. Foreign DNA (DNAfrom viruses) 
uptake by animal spermatozoa, which then becomes a com-
ponent of the genome of the future organism, was recent-
ly reported [24–26]. Genes of plants are found in bacterial 
chromosomes, and bacterial genes were found in the chro-
mosome of an insect [27]. One of the possible ways of gene 
distribution between organisms is their transfer by viruses 
capable of infecting unrelated animals or plants [28]. The 
existence of gene transfer between evolutionary unrelated 
organisms is also confi rmed by the fact that large numbers 
of bacterial genes were found in human chromosomes [29]. 
Current data on gene redistribution suggest that there may 
be “relict gene elements” that appeared during early stag-
es of evolution and have been able to move between unre-
lated organisms until now.

It is obvious that all biomodules can, depending on condi-
tions, act both as donors and as recipients of genes. Donors 
of eu- and prokaryotes secrete DNA during life [30], trans-

Figure 1.  Pangenome structure.
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fer DNA (genes) when they form apoptotic bodies [31], 
and include their genes in gene elements [32]. In this last 
case, amplifi cation of concrete genes can take place, as dem-
onstrated, for example, during specifi c transduction [33]. 
Recipients that receive new genetic information can use it 
to change their properties or can just conserve and repli-
cate it (insertion into “not working” areas). It seems pos-
sible to identify in the Pangenome special modules which 
are the main gene recipients. It is obvious that recipients 
should be quite accessible to the reception of genes from 
any module. Only microbes (all unicellular organisms and 
viruses) meet the basic requirements of such acceptors. They 
are widespread and have the opportunity to receive genes 
from all organisms, including multicellular ones on which 
they represent normal microfl ora. Only microbes can pro-
vide the accumulation of genes and their conservation, am-
plifi cation with alteration, and future redistribution. There 
are some bacterial species that can store genetic informa-
tion received from unrelated organisms. It is thought that 
in the bacteria forming human residential fl ora that func-
tion is, presumably, carried out by Gram-negative anaerobes 
(Bacteroides spp.). These bacteria are cosmopolites and can 
receive and transmit genes from representatives of their 
own species as well as from unrelated Gram-negative and 
Gram-positive bacteria. Gene elements can play an essential 
role in the process of gene storage. Viruses can carry and 
amplify not only their own genes, but also the genes of the 
cells they were reproduced in. It is necessary to take into 
consideration that during the reproduction cycle of viruses, 
some defective particles carrying genes of the host cell are 
formed. It is known that viruses carrying alien genes par-
tially lose their own genes. Genes brought by defective vi-
ruses can start “working” in new cells or can stay there with-
out activation for a long time.

An overview of gene distribution as one of the most impor-
tant components of Pangenomic stability allows us to sup-
pose the existence of one more explanation for the biologi-
cal meaning of „death”. The death of any organism leads to 
its entering some food chain, which occurs with the help of 
microorganisms if decomposition takes place in the environ-
ment or inside unicellular organisms or the digestion tracts 
of multicellular ones. The dead or dying cells are likely to 
release naked DNA that may survive for many hours. An ex-
periment showed that DNA adhering to clay soil particles 
survived an average of about 28 hours, as DNA is protected 
from enzyme attack when adsorbed to solid particles. Naked 
DNA may survive on the ocean surface for 45-83 hours and 
for up to 235 hours in the bottom sediment. According to 
this we can view death as a universal way of giving a new por-
tion of genes to the Pangenome that are intended for redis-
tribution among biomodules. In any case, microbes take 
part in this process every time. Thus death and all known 
food chains can also serve as universal ways of gene distri-
bution in different organisms (the genes of cells and gene 
elements of „food” can be included in the microfl ora cells 
of the eating organism or of the environment, i.e. the water 
and soil). Gene spread in food chains pro vides gene move-
ment between organisms (genera) that do not communi-
cate directly in „real time”, for example from deep-sea mi-
cro- and macro-organisms to representatives of ground fl ora 
and fauna. Such a movement of genes effects their spread 
in the Pangenome to great distances and al lows them to 
„try on” the functions of various organisms. It is possible to 

suppose that microorganisms check the ap plicability of new 
variants of genes for perfection of the Pangenome, help to 
overcome distances in space (for ex ample from the bottom 
of the ocean to humans), and save themselves in time (the 
species can become extinct, but the new variant of genes 
will be maintained).

VARIABILITY

Pangenomic change is a warranty for its existence in the var-
iable environmental conditions of our planet. Mutagenesis 
constantly leads to the appearance of new variants of genes 
that are tested for viability in this cell or organism in present 
conditions. The frequency of appearance of spontaneous mu-
tations varies from 105–10n genes/cell generation. Though 
the frequency of spontaneous mutation is high itself, there 
are “centers” with increased variability in the Pangenome. To 
such centers belong mutator strains of microbes and trans-
formed eukaryotic cells. The frequency of the spontaneous 
mutations in such modules is 10,000 to 100,000 times high-
er than in their unchanged predecessors [11,34]. Another 
source of new genes is RNA-containing viruses, which are 
characterized by a high frequency of mutation (300 times 
higher than in DNA-containing viruses). This is connected 
with the particularity of action of RNAd-RNA polymerases 
and RNAd-DNA polymerases [34–37]. The reproduction 
of some RNA-containing viruses is accompanied by the syn-
thesis of DNA copies that are integrated into the cell chro-
mosome, so the way from RNA viruses to the DNA genom-
es of multicellular organisms is very short.

An additional source of variable genes is induced mutations. 
Many microorganisms in the environment, including ani-
mals and humans, possess mutagenes, which raise the vari-
ability of their population and that of many adjacent, unre-
lated cells [11]. Recombination also takes place constantly, 
and its speed depends on the module’s type. The high var-
iability depends on DNA recombination, and for some mi-
croorganisms it has even resulted in the occurrence of the 
conception of “quasi species” [38,39].

The conservation of new genes and their combinations are 
controlled by numerous factors, including natural selec-
tion. A very important condition for the variability of the 
Pangenome is a wide circulation of new variants of genes 
within it. This process is the basis for further selection, 
conservation, and the use of new genes by Pangenomic 
modules. To fi x a new variant of a gene or gene block in 
the Pangenome, they should possess the ability to ampli-
fy and spread it more dynamically than the initial variant. 
Multiplication can occur due to an increase in the number 
of copies of a gene within a given cell (amplifi cation) as a 
result of an increase in cell amplifi cation speed or in the 
speed of multiplication (fruitfulness) of the multicellular 
organism. The spread of information in the Pangenome oc-
curs at different levels. The shortest way is the insertion of 
a gene into a new place within a chromosome of the same 
cell. Then gene transmission between modules of related 
and unrelated organisms takes place. New genes, distribut-
ed (spread) in the same ways their precursors used for the 
stability of the Pangenome.

A common example of how the necessity of the Pangenome 
to amplify and distribute new variants of genes is realized is 
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the malignant growth inherent to practically all multicel-lular 
organisms. Malignant cells containing changed genes possess 
the necessary attribute of “novelty” and are characterized by 
high growth rates, are metastasis prone, and have enhanced 
synthesis of DNA. This DNA can be released from the cells 
and can be detected in blood serum [20]. As a result, malig-
nant cells promote amplifi cation and spread of the changed 
genes both by increasing their secretion during their life cy-
cle and by their release of genes after death into the gener-
al circulation, which is connected with food chains. The ne-
cessity to actively amplify any changed genes, the number of 
which is on the order of a hundred times greater than that of 
the oncogenes, indicates that the latter only play the role of 
a helper in the process of malignancy. Thus it is possible that 
some oncogenes can be the “executors” of signals of other 
changed genes, having undergone “favorable” changes, and 
provide their further amplifi cation and distribution. The pres-
ence of different types of malignant transformation indicates 
that most likely there are several auxiliary genetic “complexes 
of malignancy”. Activation of this or that complex can be con-
nected to the localization of genes, features of their properties, 
or character of changes. It is possible to suppose that altered 
genes or their complexes possess special markers that are still 
unknown and which are interpreted by oncogenes (or inter-
mediate acceptors) as signals for their activation. Revealing 
such markers assumes a new approach to the diagnostics, treat-
ment, and prophylaxis of tumor diseases.

Pangenomic modifi cations affect living things, the inhabitants 
of our planet. Changes can occur in different ways, gradually 
or very rapidly, and can have different signifi cance to nature. 
Each type of variability should possess specifi c signs that are 
typical of it, so that its appearance could be prognosticated. 
Pangenomic changes can be divided into “favorable”, “neu-
tral”, and “unfavorable”, according to their results. Favorable 
changes should accelerate the Pangenome’s improvement 
and development, provide conditions for the redistribution 
and conservation of new variants, and improve accordance 
with the environment. Unfavorable changes effect the op-
posite. Neutral changes form a special group, because their 
existence can be connected with the appearance and accu-
mulation of mutations that do not change the properties of 
living creatures under the present conditions. Such chang-
es accumulate and persist for a long time in non-working 
genes, in gene elements which are not getting into live cells, 
in spores, and by other means. Later, these changes, with con-
servation and spread, can lead to explosion-like changes in 
the Pangenome. This concept assumes the presence of spe-
cial “programs” in the Pangenome that interfere with the 
conservation and spread of unfavorable genes, their com-
binations, or the biomodules containing them. Thus in the 
Pangenome, special modules capable of destroying subunits 
“harmful” to it, are formed and distributed. The Pangenome’s 
elimination of its uni- and multicellular organisms that be-
come the carriers and distributors of unfavorable genetic in-
formation can be one of the causes of the disappearance of 
some species during evolutionary history.

The formation and appearance of epidemic strains of dif-
ferent microorganisms and the formation of new patho-
gens may be one of the manifestations of such activity of 
the Pangenome. It is known that the self-regulation of an 
epidemic process is the result of the activity of many factors 
that determine changes in the pathogen and the sensitivities 

of possible targets (in the case of human infection spread, 
the population) [11,40]. Recently we can see the formation 
and spread of new variants of pathogens which cause noso-
comial infections. All these bacteria have a large number 
of “additional” genes that control antibiotic resistance and 
the formation of various virulence factors. The appreciable 
formation of these strains is caused by the accumulation of 
genes that carry information which is “negative” for us in 
the normal (residential) microfl ora of the human body. 
During persistence of such strains in the normal microbial 
fl ora of hospital staff, two processes take place that are dan-
gerous to us: amplifi cation of these genes during microor-
ganism multiplication and their spread among people and 
in the environment. As a result it is quite probable that the 
transfer of such dangerous genes, including pathogens to 
other species, can cause an epidemic. It is possible that the 
spread of cells having genes dangerous to other uni- and 
multicellular organisms in the environment can lead to the 
formation of absolutely new pathogens that will cause an 
epidemic, already not limited by hospitals walls. There are 
reasons to believe that drug-resistant strains of Mycobacterium 
tuberculosis, Streptococcus pneumoniae, the new Vibrio cholerae 
serotype O139, enterohemorrhagic Escherichia coli of sero-
type O157, and the Haemophihis infl uenzaebiotype aegypticus 
have all emerged through macroevolutionary events medi-
ated through horizontal gene transfer. [41,42].

Another way of epidemic strain formation is connected with the 
involvement of new microorganisms that have not been caus-
ative agents of a pathological process in this concrete group 
of multicellular organisms (or human, or animals, or plants, 
or fungi). The appearance and spread of yersiniosis, viruses of 
human immunodefi ciency, and some hemorrhagic fevers in 
the last century and SARS in this one can be sad examples of 
such pathogen transfer from one species to others. In view of 
this, human activity should obviously be analyzed from a new 
perspective. Overcrowding, environmental change, technogen-
ic infl uences and the like can have negative consequences for 
the Pangenome. Special attention should be paid to such hu-
man activities as biotechnology, one of the fastest growing in-
dustries, including artifi cial reproduction and the spread of 
different modules (microorganisms in agriculture) in human 
and veterinary medicine as probiotics used to normalize res-
ident microfl oral functions, applications in the food-process-
ing industry, pharmacy, and for other industrial goals, cross-
breeding at the genetic level, the creation of new biotypes and 
species, and the transplantation of cells and organs to unre-
lated recipients. Practically all transgenic plants have one viral 
promoter which is from the caulifl ower mosaic virus, which is 
closely related to the human hepatitis B virus and, less so, to 
retroviruses such as the AIDS virus. The promoter can drive 
the synthesis of these other viruses [43–47]. As all genomes 
contain dormant viruses, there is a potential for the caulifl ower 
mosaic virus promoter to reactivate them. Its strong promoter 
activity causes the introduced genes to be overexpressed, and 
may also have effects on host genes far from the site of the for-
eign gene insertion. All that can lead to the formation, selec-
tion, and spread of cells and gene elements that are directed 
against the creator of these violations, i.e. humans.

CONCLUSIONS

The proposed concept allows viewing the search for perspec-
tive directions in scientifi c research in biology and practical 
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medicine in a new fashion. It allows developing methods for 
forecasting and estimating possible negative after-effects of 
interventions of molecular genetics, biotechnology, and ecol-
ogy. According to this concept, all genetic information in all 
living organisms and organic molecules and their complex-
es (DNA and RNA containing viruses, plasmids, and gene 
elements) can be presented as constituents of a common 
system: the Pangenome. This concept implies that newly 
emerging genes are not bound to disappear together with 
the death of an organism or the extinction of a species and 
microorganisms are the main pool of genes. Using this con-
cept it is possible to fi nd new ways to diagnosis various dis-
eases, primarily those caused by microbes and connected 
with cell transformation. This concept can also help to dis-
cover a new ideology for the creation of drugs with novel 
principles of action.
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