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Abstract

In this work, we analyze the reasons for the absence of immortality from the perspective of “genetic
information metabolism.” All living organisms synthesize and release genes, including novel and
previously unknown genes, into the external environment through the process of genetic information
metabolism. As a result, new genes become available for inclusion in the unified complex of genetic
information represented by all living and non-living carriers, which has been termed the
“Pangenome,” ensuring the maintenance of life on Earth under changing biotic and abiotic
conditions. Part of the newly created genetic information remains inaccessible to spreading to other
members of the Pangenome during the lifetime of an organism and can only be released after its
death. We hypothesize, to our knowledge for the first time, that the absence of immortality is
associated with the necessity of releasing novel genes for spread within the Pangenome, which can
happen efficiently only after an organism’s death. We define the spread of genes and their integration
into the genomes of other organisms as “gene reincarnation.” Within the Pangenome, genes are
redistributed, ensuring the further evolution of life. We formulate a new definition of death as “a
stage in the metabolism of genetic information during which all genes of an organism become
available for reincarnation.” This understanding for the first time views death as a crucial part of the
genetic cycle of life. Based on above novel concepts, we propose certain properties that immortal
organisms should possess.

Keywords: immortality; Pangenome; metabolism of genetic information; reincarnation of genes;
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Introduction

All living organisms are mortal. Malignant cells in multicellular organisms are the only example
of relative immortality, achievable only under laboratory conditions; in the natural environment,
their immortality is limited by the lifespan of the host organism, and the death of the host ultimately
leads to their demise. Although death is perceived as an objective and inevitable phenomenon, its
universal cause remains understudied. According to modern concepts, most diseases resulting in
death, including cancers, neurodegenerative disorders, and cardiovascular and endocrine diseases,
are related to microorganisms (Balloux and van Dorp 2017; DiMaio et al. 2022; Doocey et al. 2022;
Blackhurst and Funk 2023; Zhang et al. 2022; Walker and Czyz 2023; Sipila et al. 2023; Tetz and Tetz
2019; Tetz et al. 2020; Tetz et al. 2019). Based on this concept, it can be assumed that Adam did not
wash the apple before eating the forbidden fruit in the Garden of Eden—where all creatures were
immortal —which marked the beginning of infections and, consequently, the emergence of death.

Today, it is assumed that the emergence of diseases and the absence of immortality on Earth
have another reason. In this work, we consider death and its causes to be necessary for the existence
of life. We analyze potential reasons for the absence of immortality on the basis of the concept of
“genetic information metabolism” as a fundamental characteristic of life.
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The term “genetic information metabolism” was coined in 2020 to describe the functioning,
reproduction, and creation of genes and their distribution among living and non-living carriers of
genetic information. Based on this concept, a new biological definition of life was redefined as: ““Life
is an organized matter that provides genetic information metabolism” (Tetz and Tetz 2020). Genetic
information metabolism is the foundation of the existence of the functionally active complex
“Pangenome,” which represents the totality of genes in all living and non-living carriers of genetic
information (Tetz 2005). Data on non-living genetic elements (NLGEs) in the Pangenome have been
significantly expanded in recent years, and NLGEs are represented by large numbers of DNA and
RNA molecules that can exist both inside cells and in a free, extracellular state, or be encapsulated in
protein coats, as seen in viruses. NLGEs include viruses, virusoids, viroids, plasmids, transposons,
insertion sequences, and extracellular DNA and RNA in multicellular microbial biofilms (Liang and
Bushman 2021; Tetz and Tetz 2023; Siguer et al. 2015). The genetic information of the Pangenome
includes DNA and RNA molecules that form the basis for protein synthesis as described in classical
biology but also encode previously unknown functions not associated with protein synthesis, as
recently described under the New Biology concept. For example, polymeric DNA and RNA
molecules can function as pliers, altering the properties of other molecules (primarily proteins) (Tetz
and Tetz 2019). This was the first example of environmental change caused by the direct action of
DNA and RNA molecules on existing proteins. Another previously unknown function of nucleic acid
molecules besides protein-coding is related to the recently discovered “Universal Receptor System,”
in which DNA and RNA molecules act as receptors capable of recognizing and responding to
different environmental factors. This receptor system has been found throughout the tree of life, from
prokaryotes to eukaryotes, including animals, plants, and fungi (Tetz and Tetz 2022a; Tetz and Tetz,
2022b; Tetz et al., 2024; Tetz et al. 2025a; Tetz et al. 2025b).

The Pangenome ensures the maintenance of life on Earth under changing biotic and abiotic
conditions through constant improvement of the information it receives. Genetic information
metabolism is the primary tool for maintaining and developing this unified functionally active
complex and involves three major processes: 1) increasing the amount of genetic information through
the reproduction of living organisms, increasing the number of NLGEs, and gene amplification, 2)
alteration of the genes in an organism, ensuring adaptation and the occupation of new ecological
niches, and 3) the spread of genes within the Pangenome. In multicellular organisms, all these
processes occur within the organism. Importantly, all multicellular organisms have an individual
microbiota, which largely controls their life cycle (Stencel and Proszewska 2017; Huitzil et al. 2018;
Sonnert et al. 2024; Siguer et al. 2015; Hutzil et al. 2023). Microbiota cells outnumber host cells by 10
times, and NLGESs, by hundreds of times (Liang and Bushman 2021). In the symbiosis of multicellular
and unicellular organisms and NLGEs, genetic changes are largely interconnected (Maritan et al.
2024; Henry et al. 2021). Any change in the genetic information of multicellular organisms will alter
the genetic information of their predominantly unicellular microbiota, and vice versa.

Microbiota genomes and host genes closely interact, with host genes being transferred to the
microbiota and NLGEs, and vice versa, microbiota genes spreading to cells of the multicellular host
(Li et al. 2020; Haimlich et al. 2024; Keeling and Palmer 2008; Wells et al. 2022). The possibility of
lateral gene transfer between eukaryotes and bacterial viruses (bacteriophages) has recently been
discussed (Bordenstein 2016). Thus, multicellular organisms serve as a source of diverse new genes
that are distributed over eukaryotic and prokaryotic cells, as well as NLGEs.

An important process in genetic information metabolism is the spread of genes within the
Pangenome. Various pathways are involved in gene spread in nature, the most important being gene
transfer between related and non-related eukaryotic and prokaryotic organisms (Gregorius 2009;
Vogt 2022; Erven et al. 2022; Boll et al. 2023). Gene redistribution among unrelated organisms allows
organisms to acquire fundamentally new properties, ultimately ensuring the existence of the
Pangenome. The Earth’s microbiota, which represents the largest part of living nature, comprises
more than 10% bacteria spread across all ecological niches (Rappuoli et al. 2023; Locey and Lennon
2016). The microbiota of multicellular organisms, including humans, is closely interconnected with
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that of the environment. The continuous exchange of microorganisms and genes between the
microbiota of multicellular organisms and the soil microbiota is essential for maintaining their life
processes (Blum et al. 2019). Genes are continuously released into the environment and absorbed
through food chains or various other pathways (Week et al. 2024; Van Wert et al. 2023; Arim et al.
2006)

The most significant function of the Pangenome is the spread of previously non-existent gene
variants. Throughout an organism’s life, the gene composition in its cells changes significantly,
including the emergence of unique genes. Aging and lifespan have been associated with the
accumulation of changes in the genes of the macroorganism, microbiota, and associated NLGEs (Tetz
and Tetz 2018)

From the perspective of genetic information metabolism, not only the formation and
preservation but also the release of genes upon death is important, particularly for multicellular
organisms. For example, patients with progressed cancer or certain other diseases feature increased
levels of extracellular DNA and RNA with altered properties (Gotoh et al. 2005; Widschwendter and
Jones 2002; Gould et al. 2015; Hawes et al. 2015; Hajizadeh et al. 2003). This extracellular DNA consists
of unique fragments of the human genome. It contains genes associated with cancer progression,
including microsatellites, which have a higher mutation frequency than other regions of the genome,
leading to greater genetic diversity (Genkin et al. 2005; Schwarzenbach et al. 2007; Hao et al. 2014;
Igbal et al. 2015; Zhu et al. 2013). Accordingly, the significance of an organism as a source of new and
variant genes for the genetic information metabolism of the Pangenome increases with age and the
development of various diseases.

A Reason for the Lack of Immortality

Available data suggest that the routes through which genes and associated NLGEs can be
released during the lifetime of a macroorganism are limited. Despite the flow of genes released by
organisms during their life, only a small fraction of these genes enter the environment and therefore
are not included in the metabolism of genetic information.

Genes of unicellular and multicellular organisms, as well as some NLGEs, including
extracellular DNA and RNA associated with cell surfaces, present in the matrix of microbial biofilms,
or circulating in blood and tissue fluids, are either released into the environment in very limited
amounts or are not released at all during an organism’s lifetime. Further, it has been established that
only a portion of the bacteria that make up the microbiota of multicellular organisms is released with
feces (Eckburg et al. 2005; Can et al. 2014).

Thus, the inclusion of variant genes that arise in an organism into the collective metabolism of
genetic information within the Pangenome becomes possible only after the organism’s death. After
the death of unicellular and multicellular organisms, large numbers of genes are released and spread
in the external environment, most of which did not enter the environment during the organisms’
lifetime.

In our view, the fact that these novel genes cannot be distributed fully within the Pangenome
during the lifetime of organisms, corresponding to the third process of genetic information
metabolism (i.e.,, gene distribution within the Pangenome), is the reason for the absence of
immortality. Genes of unicellular and multicellular organisms, in the form of DNA fragments suitable
for spreading to other cells, are released during programmed cell death, as observed in both
prokaryotes and eukaryotes (Elmore 2007; Holmgren et al. 1999; Bayles 2013; Bergsmedh 2001; Iranzo
et al. 2014). As a result of the death of multicellular organisms, in addition to the genes of the
macroorganism, large amounts of cellular and extracellular DNA and RNA from microbiota are
released into the external environment.

The fate of genes of multicellular organisms after death has been the subject of various studies,
which have shown that genes do not readily degrade after the death of a multicellular organism and
even remain active for some time (Ferreira et al. 2018; Pozhitkov et al. 2017; Javan et al. 2024; Dachet
etal. 2021). For example, specific synthetic activity in cells is preserved for more than 48 h after death.
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During this period, various genes, including the gene encoding histone acetyltransferase, which is
necessary for the activation of proviruses, are actively transcribed (Benkirane 1998). These data
suggest that after death, certain genes are activated, which may contribute to the preservation and
spread of NLGEs.

The fate of the majority of genes in deceased organisms is determined by their distribution
between unicellular and multicellular participants in the destruction of the macroorganism. The
microbiota of multicellular organisms participates in the destruction of the host and captures some
of the released genes but loses its uniqueness as a stable complex that is preserved in each organism
and passed down from generation to generation.

The fate of the numerous intra- and extracellular NLGEs that are released upon cell death is an
important part of genetic information metabolism and deserves special attention. NLGEs are
widespread in bacteria more than for 10% of the bacterial genome (Canchaya et al. 2003). Most
eukaryotic cells and nearly half of all sequenced bacterial genomes contain NLGEs in the form of
prophages (Touchon et al. 2016; Barth and Aylward 2024). Bacteria can contain more than four full-
size prophages, most of which are capable of lytic cycling (Figueroa-Bossi et al. 2001). The induction
of the bacterial SOS response to DNA damage can trigger the lytic cycle in many prophages, leading
to bacterial death (Nanda et al. 2013). Simultaneously, bacterial death can be accompanied by the
release of a significant number of plasmids into the environment. Plasmids can increase in number
through amplification, which occurs under protein synthesis suppression, for example, due to
antibiotics produced by other microbes (Kohanski et al. 2010). Proviruses and other NLGEs from
eukaryotic cells are released in a similar manner.

Thus, a significant portion of variant genes and NLGEs are not released and do not spread within
the Pangenome during life; however, mechanisms and pathways exist for their preservation and
spread after death. Based on this data, we hypothesize that death exists by the necessity of the release
of variant genes and their redistribution within the Pangenome, which is critically important for
maintaining its potential under constantly changing environmental conditions. This is indirectly
supported by the comparatively short lifespan of most organisms, which is expected to maintain a
high intensity of genetic information metabolism.

Notably, there is an obvious contradiction between lifespan and the necessity for releasing and
redistributing new genes within the Pangenome; an increase in lifespan promotes the formation and
accumulation of novel gene variants, but hinders their spread within the Pangenome. This
contradiction is resolved differently in different species and may depend on their living conditions.
The dominance of annual plants in unfavorable conditions, which is believed to contribute to
variability and adaptation to environmental conditions (Poppenwimer et al. 2023; Charnov and
Schaffer 1973), supports this notion.

Life and death are inseparably intertwined. The performance of biological life functions aimed
at accumulating and improving genetic information predetermines the existence of death for all
organisms as a means to release and spread this information. Therefore, it is evident that death is a
crucial element in genetic information metabolism, creating conditions that allow genes to be fully
released for spread within the Pangenome.

Accordingly, the absence of immortal organisms in nature is a result of the necessity of death to
ensure the diversity of the Pangenome, which supports the existence of life. This conclusion is closely
related to the first Tetz biological law: “The general biological function of life is to provide genetic
information metabolism” and may be formulated as Tetz's second law: “Death is required to sustain
life,” and Tetz’s paradox: “The Pangenome is necessary for the existence of life, and death is necessary
for the existence of the Pangenome” (Tetz and Tetz 2020).

The fate of the released genes when acquired by other organisms can be considered “gene
reincarnation.” In this respect, the death of an organism can be viewed as the release of all of its genes
and their redistribution within the Pangenome. The definition of death from a biological perspective
has various interpretations (Murphy et al. 2023; Sarbey 2016; DeGrazia 2021; Howard 2021). We
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propose a new definition: “Death is a stage in genetic information metabolism during which all genes
of an organism become available for reincarnation.”

Thus, the life and death of individual organisms in nature do not play the roles that human
consciousness assigns to them. Individual life and death are necessary components of the genetic
information metabolism within the Pangenome, which requires a constant increase in the quantity
and diversity of the genetic information contained within it, for the continuation of life in general.

The Pangenome comprises the genes of organisms of all levels of complexity, from unicellular
to the most complex and “young” in evolutionary terms, and represents the history of the
development of life on Earth under various conditions. The information contained in it represents an
independent and hitherto underestimated value. It can be assumed that the value of the information
stored in the Pangenome is substantially greater than currently known.

The astonishing possibilities of DNA and RNA beyond genetic coding are related to the fact that
information in these molecules can be recorded in various ways simultaneously. On the most basic
level is the genetic code, which consists of three-nucleotide codons that correspond to specific amino
acids, which make up proteins (Nirenberg and Matthaei 1961). Other methods of encoding are the
subject of recent research, mainly in the emerging field of “natural computing,” in which DNA and
RNA are used to store information using the binary information currently employed in computers
(Koch et al. 2020). Great success has been achieved in this field, with DNA data encoding not only in
vitro but also in vivo (Lim et al. 2023). Another possible application of DNA encoding in the future
of computer technology are DNA quantum computers (Riera et al. 2024).

These scientific achievements in solving the challenges of developing new information
technologies suggest that in nature, the Pangenome may contain other information encoded by yet-
unknown mechanisms. This supports the idea of the potential spread of Pangenome information and
its establishment on other planets. From a biological perspective, the most promising Pangenome
representatives for space dissemination are sporobiota. Bacterial spores can remain viable for millions
of years and can survive in space (Cano and Borucki 1995; Kminek et al. 2003; Vreeland et al. 2000;
Zhou et al. 2023; Horneck et al. 2012). It should be noted that the genomes of spore-forming bacteria
are generally substantially larger than those of non-spore-forming bacteria and thus carry a larger
volume of information (Tetz and Tetz 2017).

An important aspect of the information carried in the Pangenome is memory, which both
unicellular and multicellular organisms possess. We encountered previously unknown features of
cellular memory while studying the Universal Receptor System of prokaryotes and eukaryotes,
formed by DNA and RNA molecules which is capable of recognizing various biological, chemical,
and physical factors in the environment (Tetz and Tetz 2022a; Tetz and Tetz 2022b). This discovery
allowed us to find new tools that enabled us to manage cellular memory for the first time. We were
able to erase the memory of any type of cells, resulting in the emergence of previously non-existing
traits in these cells (Tetz and Tetz 2022b). The results were reproducible, indicating that the process

of memory changes in cells, leading to the emergence of novel traits, is encoded in their genomes.

The extraordinary possibilities for storing and spreading vast amounts of information encoded
in various ways on a single DNA or RNA molecule suggest that these molecules in cells carry not
only the information for reproduction and survival but also the individual memory of any
multicellular, memory-capable organism, including humans. In other words, our individual
memory, which stores past events and experiences, knowledge, and skills, may be encoded in our
DNA and RNA molecules. Research findings on the roles of DNA and RNA in the onset and
preservation of memory support this possibility (Li et al. 2019; Day and Sweatt 2010; Jovasevic et al.
2024; Carney 2018).

It can be assumed that cells store individual memory and spread it to the Pangenome. Moreover,
the rationality of genetic information metabolism, perfected over billions of years, has culminated in
a means to record individual memory, marking its connection to a specific host through the use of
unique genetic markers, which we are only beginning to understand through genome sequencing. In
future, we expect that it will be possible to identify individual memory genes reincarnated in different
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organisms by certain markers and to reconstruct the memory of organisms that lived in the past (once
we learn how to read such information). It may even be possible to reproduce an individual,
including their memory, up until their death. This type of memory uploading would open up a
fundamentally new direction in biology: Artificial Immortality.

Considering all of the above regarding the Pangenome and the information it presumably
carries, a paradox arises—the “Tetz Paradox:” “Life and death exist to create and spread new genetic
information. “In other words, the Pangenome is the key to life and death.

How to Achieve Immortality

Is immortality achievable? We have come closer to understanding the characteristics that an
immortal organism should possess. Such an organism would require a different immune system and
an entirely different, open genetic system.

It is commonly believed that microbes, which cause the vast majority of diseases, and diseased
or dysfunctional host cells must face the protective action of the immune system. However, this is
only partially true, as the immune system, when overactivated in response to microbes or altered
host cells, often becomes the cause of the host’s death. In particular, immune cells tend to support
malignant tumor cells by providing nourishment and protecting them from other immune defense
mechanisms, aiding in the spread of metastases (Anderson and Simon 2020; Gay and Felding-
Habermann 2011; de Visser and Joyce, 2023). Excessive production of cytokines and chemokines by
immune cells triggers a “cytokine storm,” which exacerbates the severity of various diseases and
often is the primary cause of the host’s death (Hsu et al. 2022; Fajgenbaum and June 2020; Lin et al.
2022). Such behavior of the immune system can be viewed as a programmed action aimed at
“growing” new genes in pathogenic microbes and diseased host cells, followed by their release to
actively participate in genetic information metabolism. For immortal organisms, the immune system
should follow a different algorithm: on the one hand, it should not interfere with the organism’s
ability to spread new genetic information created in the host’s diseased cells, pathogenic microbes,
and NLGEs to the Pangenome; on the other hand, it should prevent this to cause the death of the
organism.

Second, immortal organisms should have open genetic systems in which genes change and are
continuously released into the environment throughout life for inclusion in genetic information
metabolism and for maintaining gene diversity in the Pangenome.

However, in a world populated by immortal organisms, new dangers would arise for them.
Immortal organisms would be less able to adapt to changes in abiotic environmental factors.
Moreover, overpopulation would lead to a decrease in the emergence rate of new organisms, thus
reducing Pangenome diversity. This could lead to inefficiency of the Pangenome in maintaining life
under changing environmental conditions. This danger can be described as a new Tetz paradox: “In
a world of immortals, the threat of death for all living organisms increases.”

Key concepts of the theory:

1. The total genetic information of all living and non-living carriers forms a single, functionally
active complex, i.e., the Pangenome, which supports life on Earth under changing biotic and
abiotic conditions.

2. Genetic information metabolism, encompassing the reproduction, alteration, and distribution of
genetic material among Pangenome participants, ensures the existence of the Pangenome.

3. Geneticinformation metabolic processes in all living organisms generate unique genes and make
them available for distribution and incorporation in the Pangenome.

4. During an organism’s lifetime, a significant portion of new genetic information remains
inaccessible to spreading to other elements in the Pangenome.

5. Immortality is absent because of the necessity of the release of new genes, which cannot spread
to other organisms or be integrated into genetic information metabolism during the lifetime of
an organism.
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6. An immortal organism should possess an open genetic system in which genes change and are
continuously released into the environment for the maintenance of Pangenome diversity, as well
as an immune system that does not cause the death of the host in response to pathogens or
diseased/dysfunctional host cells.

Here, wee examined the features of genetic information metabolism related to pre- and post-
mortem gene release from unicellular and multicellular organisms and NLGEs into the environment
within the frameworks of classical biology and new biology.

Key Concepts of the Theory

During an organism’s lifetime, various DNA and RNA molecules are retained within cells or
cell communities or in the extracellular spaces of multicellular organisms and their microbiota and
are not released into the environment. The release of a significant portion of altered genetic
information for distribution in the Pangenome is possible only after the death of an organism, which
clarifies the absence of immortality. Therefore, the absence of immortal organisms in nature is a result
of the necessity of death for spreading new genes within the Pangenome for the maintenance of life.
The fate of the released genes when acquired by other uni- or multicellular organisms can be
considered “gene reincarnation.” In this respect, the death of an organism can be viewed as the
release of all of its genes for capture by and continuation in other living organisms. This allows us to
formulate a new definition of death as “Death is a stage in genetic information metabolism in which
all genes of an organism become available for reincarnation.”

As the Pangenome includes genes from organisms ranging from the most primitive unicellular
forms to the most advanced and “young” in evolutionary terms, it represents the history of life on
Earth under various conditions of existence. Viewing the Pangenome from this perspective allows us
to hypothesize that it is the main reason for the existence of both life and death. We termed this the
“Tetz Paradox:” “Life and death exist to create and spread new genetic information.”

Based on the analysis conducted, we formulated some properties that immortal organisms
should possess. First and foremost, they should be able to continuously generate new gene variants
for distribution in the Pangenome and participation in genetic information metabolism. Second, they
should have an immune system that provides complete protection against any external pathogenic
factors, while not interfering with the spread of new genetic information originating from host cells,
microbes, and NLGEs and preventing it from turning against the host.

Acknowledgments: We would also like to thank K. Kardava and M Vecherkovskaya for working on the

manuscript.

References

1.  Anderson NM, Simon MC (2020) The tumor microenvironment. Curr Biol 30(16) -R925.
https://doi.org/10.1016/j.cub.2020.06.081

2. Arim M, Marquet PA, Jaksic FM (2007) On the relationship between productivity and food chain length at
different ecological levels. Am Nat 169:62-72. https://doi.org/10.1086/510659

3. Balloux F, van Dorp L (2017) Q&A: What are pathogens, and what have they done to and for us? BMC Biol
15:91. https://doi.org/10.1186/s12915-017-0433-z

4. Barth ZK, Aylward FO (2023) March of the proviruses. Proc Natl Acad Sci U S A 120
https://doi.org/10.1073/pnas.23002541120

5. Bayles KW (2014) Bacterial programmed cell death: making sense of a paradox. Nat Rev Microbiol 12:63—-
69. https://doi.org/10.1038/nrmicro3136

6. Benkirane M, Chun RF, Xiao H et al. (1998) Activation of integrated provirus requires histone
acetyltransferase. ] Biol Chem 273:24898-24905. https://doi.org/10.1074/jbc.273.38.24898

7. Bergsmedh A, Szeles A, Henriksson M et al. (2001) Horizontal transfer of oncogenes by uptake of apoptotic
bodies. Proc Natl Acad Sci U S A 98:6407-6411. https://doi.org/10.1073/pnas.101129998

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202601.1243.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 January 2026 d0i:10.20944/preprints202601.1243.v1

8 of 12

8. Blackhurst BM, Funk KE (2023) Viral pathogens increase risk of neurodegenerative disease. Nat Rev
Neurol19:259-260. https://doi.org/10.1038/s41582-023-00790-6

9.  Blum WEH, Zechmeister-Boltenstern S, Keiblinger KM (2019) Does soil contribute to the human gut
microbiome? Microorganisms 7:287. https://doi.org/10.3390/microorganisms7090287

10. Boll V, Hermanns T, Uthoff M et al. (2023) Functional and structural diversity in deubiquitinases of the
Chlamydia-like bacterium Simkania negevensis. Nat Commun 14:2292. https://doi.org/10.1038/s41467-023-
38031-1

11. Bordenstein SR (2016) Eukaryotic association module in phage WO genomes from Wolbachia. Nat
Commun 7:13155. https://doi.org/10.1038/ncomms13155

12.  Can I, Javan GT, Pozhitkov AE, Noble PA (2014) Distinctive thanatomicrobiome signatures found in the
blood and internal organs of humans. ] Microbiol Methods 106:1-7.
https://doi.org/10.1016/j.mimet.2014.07.026

13. Canchaya C, Proux C, Fournous G et al. (2003) Prophage genomics. Microbiol Mol Biol Rev 67:238-276.
https://doi.org/10.1128/MMBR.67.2.238-276.2003

14. Carney RS (2018) An emerging role for RNA in a memory-like behavioral effect in Aplysia. eNeuro
5:ENEURO.0193-18.2018. https://doi.org/10.1523/ENEURO.0193-18.2018

15.  Charnov EL, Schaffer WM (1973) Life-history consequences of natural selection: Cole’s result revisited. Am
Nat107:791-793. https://doi.org/10.1086/282877

16. DachetF, Brown JB, Valyi-Nagy T et al. (2021) Selective time-dependent changes in activity and cell-specific
gene expression in human postmortem brain. Sci Rep. Mar 23;11(1):6078. doi: 10.1038/s41598-021-85801-6.
PMID: 33758256; PMCID: PMC7988150.

17. Day ]J, Sweatt JD (2010) DNA methylation and memory formation. Nat Neurosci 13:1319-1323.
https://doi.org/10.1038/nn.2666

18. de Visser KE, Joyce JA (2023) The evolving tumor microenvironment: from cancer initiation to metastatic
outgrowth. Cancer Cell 41(3):374—403. https://doi.org/10.1016/j.ccell.2023.02.016

19. DeGrazia D (2021) The definition of death. In: Zalta EN (ed) The Stanford Encyclopedia of Philosophy
(Summer 2021 Edition). https://plato.stanford.edu/archives/sum2021/entries/death-definition/

20. DiMaio D, Emu B, Goodman AL, Mothes W, Justice A (2022) Cancer microbiology. ] Natl Cancer
Inst114(5):651-663. https://doi.org/10.1093/jnci/djab212

21. Doocey CM, Finn K, Murphy C et al. (2022) The impact of the human microbiome in tumorigenesis, cancer
progression, and biotherapeutic development. BMC Microbiol 22:53. https://doi.org/10.1186/s12866-022-
02465-6

22. Eckburg PB, Bik EM, Bernstein CN et al. (2005) Diversity of the human intestinal microbial flora. Science
308:1635-1638. https://doi.org/10.1126/science.1110591

23. Elmore S (2007) Apoptosis: a review of programmed cell death. Toxicol Pathol 35:495-516.
https://doi.org/10.1080/01926230701320337

24. Erven I, Abraham E, Hermanns T et al. (2022) A widely distributed family of eukaryotic and bacterial
deubiquitinases related to herpesviral large tegument proteins. Nat Commun 13:5305.
https://doi.org/10.1038/s41467-022-32974-7

25. Fajgenbaum DC, June CH (2020) Cytokine storm. N Engl ] Med 383:2255 2273.
https://doi.org/10.1056/NEJMra2026131

26. Ferreira PG, Mufioz-Aguirre M, Reverter F et al. (2018) The effects of death and post-mortem cold ischemia
on human tissue transcriptomes. Nat Commun 9:490. https://doi.org/10.1038/s41467-017-02772-x

27. Figueroa-Bossi N, Uzzau S, Maloriol D, Bossi L (2001) Variable assortment of prophages provides a
transferable repertoire of pathogenic determinants in Salmonella. Mol Microbiol 39:260-271.
https://doi.org/10.1046/j.1365-2958.2001.02226.x

28. Gay L], Felding-Habermann B (2011) Contribution of platelets to tumor metastasis. Nat Rev Cancer
11(2):123-134. https://doi.org/10.1038/nrc3004

29. Genkin D, Tetz G, Tetz V (2005) Circulating DNA as the therapeutic target in cancer and infection. Clin
Chem 51:29-30.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202601.1243.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 January 2026 d0i:10.20944/preprints202601.1243.v1

9 of 12

30. Gotoh T, Hosoi H, Iehara T et al. (2005) Prediction of MYCN amplification in neuroblastoma using serum
DNA and real-time quantitative polymerase chain reaction. J Clin Oncol 23:5205-5210.
https://doi.org/10.1200/JCO.2005.03.177

31. Gould TJ, Lysov Z, Liaw PC (2015) Extracellular DNA and histones: double-edged swords in
immunothrombosis. ] Thromb Haemost 13(Suppl 1)-S91. https://doi.org/10.1111/jth.12977

32. Gregorius HR (2009) Distribution of variation over populations. Theory Biosci 128:179-189.
https://doi.org/10.1007/s12064-009-0067-0

33. Haimlich S, Fridman Y, Khandal H et al. (2024) Widespread horizontal gene transfer between plants and
bacteria. ISME Commun. 4(1)

34. Hajizadeh S, DeGroot ], TeKoppele JM, Tarkowski A, Collins LV (2003) Extracellular mitochondrial DNA
and oxidatively damaged DNA in synovial fluid of patients with rheumatoid arthritis. Arthritis Res Ther
5-R240. https://doi.org/10.1186/ar778

35. Hao TB, Shi W, Shen X] et al. (2014) Circulating cell-free DNA in serum as a biomarker for diagnosis and
prognostic prediction of colorectal cancer. Br ] Cancer 111:1482-1489. https://doi.org/10.1038/bjc.2014.444

36. Hawes MC, Wen F, Elquza E (2015) Extracellular DNA: a bridge to cancer. Cancer Res 75:4260-4264.
https://doi.org/10.1158/0008-5472.CAN-15-1453

37. Henry LP, Bruijning M, Forsberg SKG, Ayroles JF (2021) The microbiome extends host evolutionary
potential. Nat Commun 12:5141. https://doi.org/10.1038/s41467-021-25225-0

38. Holmgren L, Szeles A, Rajnavolgyi E et al. (1999) Horizontal transfer of DNA by the uptake of apoptotic
bodies. Blood93:3956-3963. https://doi.org/10.1182/blood.V93.11.3956

39. Horneck G, Moeller R, Cadet ] et al. (2012) Resistance of bacterial endospores to outer space for planetary
protection purposes—experiment PROTECT of the EXPOSE-E mission. Astrobiology 12:445-456.
https://doi.org/10.1089/ast.2011.0737

40. Howard GC (2021) Death in plants. In: The Biology of Death: How Dying Shapes Cells, Organisms, and
Populations(online edn, 21 Oct 2021). New York: Oxford Academic.
https://doi.org/10.1093/0s0/9780190687724.003.0010. Accessed 16 Aug 2024.

41. HsuR-],Yu W-C, Peng G-R, Ye C-H, Hu S-Y, Chong PC-T et al. (2022) The role of cytokines and chemokines
in severe acute respiratory syndrome coronavirus 2 infections. Front Immunol 13:832394.
https://doi.org/10.3389/fimmu.2022.832394

42. Huitzil S, Huepe C, Aldana M, Frank A (2023) The missing link: how the holobiont concept provides a
genetic framework for rapid evolution and the inheritance of acquired characteristics. Front Ecol Evol
11:1279938. https://doi.org/10.3389/fevo.2023.1279938

43. Huitzil S, Sandoval-Motta S, Frank A, Aldana M (2018) Modeling the role of the microbiome in evolution.
Front Physiol 9:1836. https://doi.org/10.3389/fphys.2018.01836

44. Igbal S, Vishnubhatla S, Raina V et al. (2015) Circulating cell-free DNA and its integrity as a prognostic
marker for breast cancer. SpringerPlus 4:265. https://doi.org/10.1186/s40064-015-1040-4

45. Iranzo ], Lobkovsky AE, Wolf YI, Koonin EV (2014) Virus-host arms race at the joint origin of
multicellularity and programmed cell death. Cell Cycle 13:3083-3088.
https://doi.org/10.4161/15384101.2014.947265

46. Javan GT, Singh K, Finley SJ, Green RL, Sen CK (2023) Complexity of human death: its physiological,
transcriptomic, and microbiological implications. Front Microbiol 14:1118212.
https://doi.org/10.3389/fmicb.2023.1118212

47. Jovasevic V, Wood EM, Cicvaric A et al. (2024) Formation of memory assemblies through the DNA-sensing
TLR9 pathway. Nature 628:145-153. https://doi.org/10.1038/s41586-024-07220-7

48. Keeling PJ, Palmer JD (2008) Horizontal gene transfer in eukaryotic evolution. Nat Rev Genet 9:605-618.
https://doi.org/10.1038/nrg2386

49. Kminek G, Bada JL, Pogliano K, Ward JF (2003) Radiation-dependent limit for the viability of bacterial
spores in halite fluid inclusions and on Mars. Radiat Res 159:722-729. https://doi.org/10.1667/0033-
7587(2003)159[0722:rlftvo]2.0.co;2

50. Koch ], Gantenbein S, Masania K et al. (2020) A DN A-of-things storage architecture to create materials with
embedded memory. Nat Biotechnol 38:39-43. https://doi.org/10.1038/s41587-019-0356-z

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202601.1243.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 January 2026 d0i:10.20944/preprints202601.1243.v1

10 of 12

51. Kohanski MA, Dwyer D], Collins JJ (2010) How antibiotics kill bacteria: from targets to networks. Nat Rev
Microbiol8:423-435. https://doi.org/10.1038/nrmicro2333

52. LiC, Chen]J, LiY et al. (2020) Understanding horizontal gene transfer network in human gut microbiota.
Gut Pathog12:33. https://doi.org/10.1186/s13099-020-00365-3

53. Li X, Marshall PR, Leighton L] et al. (2019) The DNA repair-associated protein Gadd45y regulates the
temporal coding of immediate early gene expression within the prelimbic prefrontal cortex and is required
for  the consolidation ~ of  associative = fear = memory. ]  Neurosci  39:970-983.
https://doi.org/10.1523/J]NEUROSCI.2024-18.2018

54. Liang G, Bushman FD (2021) The human virome: assembly, composition and host interactions. Nat Rev
Microbiol19:514-527. https://doi.org/10.1038/s41579-021-00536-5

55. Lim CK, Yeoh JW, Kunartama AA et al. (2023) A biological camera that captures and stores images directly
into DNA. Nat Commun 14:3921. https://doi.org/10.1038/s41467-023-38876-w

56. LinL, Curtin JA, Regis E et al. (2022) A systems immunology approach to investigate cytokine responses
to viruses and bacteria and their association with disease. Sci Rep 12:13463. https://doi.org/10.1038/s41598-
022-16509-4

57. Locey K], Lennon JT (2016) Scaling laws predict global microbial diversity. Proc Natl Acad Sci U S A
113:5970-5975. https://doi.org/10.1073/pnas.1521291113

58. Maritan E, Quagliariello A, Frago E, Patarnello T, Martino ME (2023) The role of animal hosts in shaping
gut microbiome variation. Philos Trans R Soc Lond B Biol Sci 379:20220267.
https://doi.org/10.1098/rstb.2022.0267

59. Murphy NB, Hartwick M, Wilson LC et al. (2023) Rationale for revisions to the definition of death and
criteria for its determination in Canada. Can J Anaesth 70:558-569. https://doi.org/10.1007/s12630-022-
02359-2

60. Nanda AM, Heyer A, Kramer C et al. (2014) Analysis of SOS-induced spontaneous prophage induction in
Corynebacterium  glutamicum  at the  single-cell ~level. ]  Bacteriol  196:180-188.
https://doi.org/10.1128/]B.00993-13

61. Nirenberg MW, Matthaei JH (1961) The dependence of cell-free protein synthesis in E. coli upon naturally
occurring or synthetic polyribonucleotides. Proc Natl Acad Sci U S A 47:1588-1602.
https://doi.org/10.1073/pnas.47.10.1588

62. Poppenwimer T, Mayrose I, DeMalach N (2023) Revising the global biogeography of annual and perennial
plants. Nature 624:109-114. https://doi.org/10.1038/s41586-023-06644-x

63. Pozhitkov AE, Neme R, Domazet-Loso T et al. (2017) Tracing the dynamics of gene transcripts after
organismal death. Open Biol 7:160267. https://doi.org/10.1098/rsob.160267

64. Rappuoli R, Young P, Ron EZ, Pecetta S, Pizza M (2023) Save the microbes to save the planet. A call to
action of the International Union of the Microbiological Societies (IUMS). One Health Outlook 5:6.
https://doi.org/10.1186/s42522-023-00070-w

65. Riera Aroche R, Ortiz Garcia YM, Martinez Arellano MA et al. (2024) DNA as a perfect quantum computer
based on the quantum physics principles. Sci Rep 14:11636. https://doi.org/10.1038/s41598-024-62539-5

66. Sarbey B (2016) Definitions of death: brain death and what matters in a person. ] Law Biosci 3:743-752.
https://doi.org/10.1093/jlb/lsw054

67. Schwarzenbach H, Chun FK, Lange I et al. (2007) Detection of tumor-specific DNA in blood and bone
marrow  plasma from patients with prostate cancer. Int ] Cancer 120:1465-1471.
https://doi.org/10.1002/ijc.22444

68. Siguier P, Gourbeyre E, Varani AM, Ton-Hoang B, Chandler M (2015) Everyman’s guide to bacterial
insertion sequences. Microbiol Spectr 3. https://doi.org/10.1128/microbiolspec. MDN A3-0030-2014

69. Sipild PN, Lindbohm JV, Batty GD, Heikkild N, Vahtera J, Suominen S et al. (2023) Severe infection and risk
of cardiovascular disease: a multicohort study. Circulation 147(21):1582-1593.
https://doi.org/10.1161/CIRCULATIONAHA.122.061183

70. Sonnert ND, Rosen CE, Ghazi A et al. (2023) A host-microbiota interactome reveals extensive transkingdom
connectivity. Nature 619:141-148. https://doi.org/10.1038/s41586-023-06325-4

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202601.1243.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 January 2026 d0i:10.20944/preprints202601.1243.v1

11 of 12

71. Stencel A, Proszewska AM (2018) How research on microbiomes is changing biology: a discussion on the
concept of the organism. Found Sci 23:603-620. https://doi.org/10.1007/s10699-017-9543-x

72. TetzG, Brown SM, Hao Y et al. (2019) Type 1 diabetes: an association between autoimmunity, the dynamics
of gut amyloid-producing E. coli and their phages. Sci Rep 9:9685. https://doi.org/10.1038/s41598-019-
46087-x

73. Tetz G, Kardava K, Vecherkovskaya M et al. (2025) Universal receptive system as a novel regulator of
transcriptomic activity of Staphylococcus aureus. Microb Cell Fact 24:1. https://doi.org/10.1186/s12934-024-
02637-1

74. Tetz G, Pinho M, Pritzkow S, Mendez N, Soto C, Tetz V (2020) Bacterial DNA promotes Tau aggregation.
Sci Rep10:2369. https://doi.org/10.1038/s41598-020-59364-x

75. Tetz G, Tetz V (2017) Introducing the sporobiota and sporobiome. Gut Pathog 9:38.
https://doi.org/10.1186/s13099-017-0187-8

76. Tetz G, Tetz V (2018) Tetz's theory and law of longevity. Theory Biosci 137:145-154.
https://doi.org/10.1007/s12064-018-0271-4

77. Tetz G, Tetz V (2023) Introducing the extrabiome and its classification: a new view on extracellular nucleic
acids. Future Microbiol 18:33-36. https://doi.org/10.2217/fmb-2022-0223

78. Tetz G, Kardava K, Vecherkovskaya M, Khodadadi-Jamayran A, Tsirigos A, Tetz V. (2025) Universal
receptive system as a novel regulator of transcriptomic activity of Staphylococcus aureus. Microbial Cell
Factories. 24:1. https://doi.org/10.1186/s12934-024-02637-1

79. Tetz V, Kardava K, Vecherkovskaya M, Khodadadi-Jamayran A, Tsirigos A, Tetz G. (2024) The Universal
Receptive System acts as a novel regulator in the production of antimicrobial and anticancer bioactive
compounds by white blood cells. bioRxiv. 2024:2024-12.

80. Tetz V, Kardava K, Vecherkovskaya M, Khodadadi-Jamayran A, Tsirigos A, Tetz G. (2025) Regulating
white blood «cell activity through the novel Universal Receptive System. bioRxiv.
https://doi.org/10.1101/2025.01.06.631232

81. Tetz V, Tetz GV (2019) Bacterial DNA induces the formation of heat-resistant disease-associated proteins
in human plasma. Sci Rep 9:13493. https://doi.org/10.1038/s41598-019-49942-0

82. TetzV, Tetz G (2020) A new biological definition of life. Biomol Concepts.Jan 13;11(1):1-6. doi: 10.1515/bmc-
2020-0001. PMID: 31934876.

83. Tetz V, Tetz G (2022a) Novel cell receptor system of eukaryotes formed by previously unknown nucleic
acid-based receptors. Receptors 1:82-93. https://doi.org/10.3390/receptors1010007

84. Tetz V, Tetz G (2022b) Novel prokaryotic system employing previously unknown nucleic acids-based
receptors. Microb Cell Fact 21:164. https://doi.org/10.1186/s12934-022-01877-7

85. Tetz V (2005) The pangenome concept: a unifying view of genetic information. Med Sci Monit 11-HY29.

86. Touchon M, Bernheim A, Rocha EP (2016) Genetic and life-history traits associated with the distribution of
prophages in bacteria. ISME J 10:2744-2754. https://doi.org/10.1038/ismej.2016.47

87. Van Wert JC, Ezzat L, Munsterman KS et al. (2023) Fish feces reveal diverse nutrient sources for coral reefs.
Ecology104 https://doi.org/10.1002/ecy.4119

88. Vogt G (2023) Environmental adaptation of genetically uniform organisms with the help of epigenetic
mechanisms—An insightful perspective on ecoepigenetics. Epigenomes 7:6.
https://doi.org/10.3390/epigenomes7010006

89. Vreeland R, Rosenzweig W, Powers D (2000) Isolation of a 250 million-year-old halotolerant bacterium
from a primary salt crystal. Nature 407:897-900. https://doi.org/10.1038/35038060

90. Walker A, Czyz DM (2023) Oh my gut! Is the microbial origin of neurodegenerative diseases real? Infect
Immun 91 https://doi.org/10.1128/iai.00437-22

91. Week B, Morris AH, Bohannan BJM (2023) The evolution of microbiome-mediated traits. bioRxiv.
https://doi.org/10.1101/2023.04.07.536020

92.  Wells JN, Chang N, McCormick J et al. (2023) Transposable elements drive the evolution of metazoan zinc
finger genes. Genome Res 33:1325-1339. https://doi.org/10.1101/gr.276045.122

93. Widschwendter M, Jones PA (2002) DNA methylation and breast carcinogenesis. Oncogene 21:5462-5482.
https://doi.org/10.1038/sj.onc.1205606

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202601.1243.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 January 2026 d0i:10.20944/preprints202601.1243.v1

12 of 12

94. Zhang H, Chen Y, Wang Z et al. (2022) Implications of gut microbiota in neurodegenerative diseases. Front
Immunol 13:785644. https://doi.org/10.3389/fimmu.2022.785644

95. Zhou B, Xiong Y, Nevo Y et al. (2023) Dormant bacterial spores encrypt a long-lasting transcriptional
program to be executed during revival. Mol Cell 83:4158-4173.€7.
https://doi.org/10.1016/j.molcel.2023.10.010

96. ZhuY, Fu L, Chen L et al. (2013) Downregulation of the novel tumor suppressor DIRAS1 predicts poor
prognosis in esophageal squamous cell carcinoma. Cancer Res 73:2298-2309. https://doi.org/10.1158/0008-
5472.CAN-12-3607

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or

products referred to in the content.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202601.1243.v1
http://creativecommons.org/licenses/by/4.0/

