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Highlights

- The research of epigenetic inheritance mechanisms opens up possibilities for creating new types of biological
damaging agents and changing the targets and methods of biological warfare.

- The use of epigenetic mechanisms for in vivo gene expression manipulation requires the development of strict
international regulatory protocols, biosecurity systems, and broad public discussion about the ethical boundaries of
scientific intervention.

Relevance. Driven by the explosive interest of molecular biologists in studying small RNAs and the epigenetic changes
they cause in the inheritance of phenotypic traits.

The purpose of the study is to identify the level and directions of research on small RNAs capable of inducing pathological
processes.

The source base of the study. Articles from scientific journals accessible through the PubMed search engine.

Research method. Analytical.

Results. The current level of understanding of epigenetic gene control mechanisms allows for targeted in vivo gene
expression management and impact on future generations through epigenetic modifications. Hundreds of pathological
conditions caused by interference with the epigenetic regulation of phenotypic traits have been identified. Technologies
have been developed for the artificial introduction of specific small RNAs (sRNAs) into germ cells that are not
“products” of maternal/paternal “genetic material” These sSRNAs accumulate in germ cells (oocytes, spermatozoa)
and are transmitted to offspring after fertilization, i.e., to the next generation(s). SRNAs are known for their long-term
stability and resistance to RNases. They can enter the human body through food, aerosol routes, parenterally (vaccines,
DNA/RNA preparations) and be transmitted to subsequent generations.

Conclusions. The development of epigenetic gene control technologies carries unprecedented risks. Uncontrolled or
malicious application of these tools could lead to catastrophic consequences, including:

- A sharp increase in pathologies in subsequent generations due to off-target effects that can be inherited;

- Disruption of the genetic stability of the human population due to unpredictable long-term consequences of
interference with the epigenome;

- Targeted depopulation of specific ethnic groups or whole humankind.

Keywords: biological weapons; biosecurity; epigenetic inheritance; epigenetic weapons; epigenetics; expression
manipulation; genetic stability; heritable pathologies; heritable pathologies; population destabilization; small RNAs,
SRNAs; targeted gene; transgenerational inheritance
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OCHOBHBIE MOMEHTHI

- U3yYeHMe MeXaHM3MOB SMUTEHETHIECKOTO HACTeNOBAHMs OTKPHIBAET BO3MOXKHOCTM CO3[AHMS OMOMTOTMIECKNX
MTOPAKAMIUX areHTOB HOBOTO THIIA M, COOTBETCTBEHHO, M3MEHEHVS LiefIell 11 CITOCOOO0B BeleHMsT GMOMOrMIecKoit
BOJIHBI;

- MICIIOJIb30BaHIIE SMUTeHeTUIECKIX MEXaHI3MOB [/ MAHUIY/LALVIM 9KCIIPEeCCHeli TeHOB in vivo TpebyeT paspaboTku
CTPOTMX MEX/YHAPORHBIX IPOTOKOIOB PEryIMPOBAHIS, CUCTEM 61106€30I1aCHOCTH U LIMPOKOIT 0OIIeCTBEHHOI A1C-
KyCCMM O 9TMYECKMX IPaHMIIaX HAYYHOI'O BMEIIaTeIbCTBA.

Axmyanvrocmp. OOyClI0B/IeHa B3pBIBHBIM MHTEPECOM MOJIEKY/IAPHBIX OM0/I0roB K usydennio Manbix PHK n BbI3bI-
BaeMbIX MMM SIIUTeHeTUIeCKIIT M3MEHeHMII B HacleOBaHNM (PeHOTUNNYIECKMUX TIPU3HAKOB.

Llenv uccnedoséanus — BbIABUTD YPOBEHD 1 HampasjeHus uccnegoBannit Manbix PHK, cmoco6HbIX BbISBIBATD IATO-
JIOTMYeCKIe TPOIeCChL.

Hcmounuxosas 6asa uccnedosanus. CraTbyl U3 HAyYHBIX JXYPHAJIOB, JOCTYIIHbIe 4epe3 IIOMCKOBYIO CUCTEMY
PubMed.

Memoo uccnedosanus. AHATUTUIECKUIL.

Pesynomamuvt. B HacTOsAIee BpeMs YPOBEHD M3Y4€HHOCTH SMNUT€HETUYECKMX MEXaHM3MOB YIIPaB/IeHNA TeHaMI I10-
3BOJIACT LieJIeHAIIpaBJIeHHOE YIIpaB/IeHUe 9KCIIpeccuell TeHOB in vivo M BO3fleliCTBMe Ha Oyfyliue IOKOJIeHNS Yepes
SMUreHeTHYecKue MofuduKaLuy. YCTaHOB/IEHBI COTHM IIATOIOIMYECKMX COCTOSIHMIA, BbI3BaHHbIE BMEIIATEIbCTBOM B
SMNUTEHETUYECKYIO PEryIanuio GeHOTUINYECKUX IPU3HAKOB. Pa3paboTaHbl TEXHOMOTUY MCKYCCTBEHHOTO BBEEHS
B IIOJIOBBIE K/IeTKM ompefeneHHbIX Manbix PHK (sRNA), He ABNIAIOMUXCA «IPOXYKTOM» MAaTepPUHCKOI0/OTL[OBCKOTO
«TeHeTNYeCcKoro mMarepuana». It SRNA HakalIMBaOTCS B IIOJIOBBIX K/IeTKax (OOLMTaX, CIepMaTo30M/iaX) 1 I0-
CJIe OIIOOTBOPEHNA TIepefaloTcsl IOTOMCTBY, T.€. CIeAYIoleMy ITOKoIeHu o (mokoneHysaM). SRNA usBecTHbI cBOeil
TONITOBPEeMEHHOIT CTabMIbHOCTBIO U ycToirunBocThi0 K PHKasaMm. OHM MOTyT IpOHMKATh B OPTaHM3M UeToBeKa C
NIIeN, a3PO30/IbHBIM IIyTeM, IIapeHTepanbHo (BakuyHbl, npemapatsl JHK 1 PHK) n nepemaBathesa B cnepyromue
TIOKO/IEH NI,

3axntouenue. Pa3ByTie TeXHONOIMII SIIUI€HETIYECKOTO YIIPaB/IeHVs FeHaMM HeceT B cebe GecrpeliefleHTHbIe PUCKIL.
HekoHTponupyemoe nin 310HaMepeHHOe MpYMeHEeHNe 9TUX MHCTPYMEHTOB CIIOCOOHO MPUBECTH K KartacTpodude-
CKMM IOCTIECTBISM, BK/IIOYAsl Pe3KUIT POCT MATONOTHI ¥ MOCTEAYIOLIUX TOKOJIEHNIT BCIECTBUE Helle/leBbIX a(-
(eKTOB, KOTOpPBIE MOTYT HAC/IE[OBATHCS; HAPYILIEHVIsI FEHETUYECKOI CTaOMIBHOCTY Y€/I0BEIECKON IOMY/ISALUY U3-3a
HeTIpefICKa3yeMBIX JONTOCPOYHBIX MOCNENCTBMUI BMENIATeIbCTBA B SIUTEHOM, a TaKXXe 1[e/IeHaNIPaBIeHHYIO0 eNOIy-
JALUU OTAENbHBIX STHUYECKUX TPYII UV YeTIOBEYeCTBA B LI€/IOM.

Kniouesvie criosa: 6uobesonacrocmo; 6uonoeuteckoe opyxue; BHympunokoneHueckoe Hacnedos8anue; eeHemuueckas
cmabunvrocmp; decnabunusayus nonynsyuu; manvie PHK; nanpasnennoe usmenenue IKcnpeccuu 2eHos; Hacneo-
CréeHHble NAMOoTIoeUl; dNU2eHeMUKd; InuzeHemu1ecKoe opyicue; snuzeHemueckoe Hacnedosaxue

Hns yumuposanus: Jlakoma . Snueenemura u H06as apa 6uonozuueckozo opyxcus. Becmnux sotick PXB saujumboL.
2025;9(4):305-321. EDN:ttvaln.

https://doi.org/10.35825/2587-5728-2025-9-4-305-321

IIpospaunocmv Punancosoil desmenvHOCU: A6MOP He umeem PUHAHCOB0T 3aUHIMEPECOBAHHOCNU 8 NPedctnas-
JIEHHDIX MAMEPUANAX UTIU MEMO0aX.

Kongnuxm unmepecos: asmop s6nsemcs uieHom pedkonneeuu scypuana (c 2023 2.). Omo He nosnusino Ha npouecc
peueH3uposanus u OKOH4AMenvHOoe PetdeHue.

HUcnonvszosanue UCKYCCIMBEHH020 UHIMENIEKINA: Ad6MOop He UCNO0/Ib3084aIl.
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Epigenetics and a new era of biological weapons
AnureHeTUKa M HoBas 3pa 6MOIOrMYECKOro opy>Kus

Dunancuposanue: UCHOUHUKOS PUHAHCUPOBAHUS OIS OeKNAPUPOBAHUS HeM.

IMocrynmna 01.09.2025 r. IToce gopa6otku 20.10.2025 r. IIpunara k my6amkanuu 27.12.2025 .

According to Darwin’s Pangenesis, cells
could “throw off” minute gemmules, which were
capable of diffusion from cell to cell or circulation
through the body, modification by changes of the
environment and the effects of use and disuse,
union with germ cells, and transmission from
parent to offspring. If the cells of the body are
modified by changes in the environment or by
the effects of use and disuse, they would shed
modified gemmules, which are transmitted
with their acquired characters to the offspring
[1]. Today Darwin’s gemmules are described as
“extracellular vesicles”. Extracellular vesicles
(EV) are a heterogeneous group of cell-derived
membranous structures comprising exosomes
(size 50-150 nm) and microvesicles (50-500 nm
(up to 1 um)) [2]. Study of extracellular vesicle
composition revealed that they can carry various
cargoes, including proteins, lipids and nucleic
acids, and this content can vary widely between
cells and conditions. Apart from proteins,
extracellular vesicles also carry nucleic acids,
including RNAs (mRNAs and non-coding
RNAs, including small RNAs (sRNAs)) and
DNA sequences. sSRNAs have been shown to be
differentially sorted to exosomes depending on
their sequence (presence of specific motifs), which
indicates that incorporation of nucleic acids into
exosomes is regulated. It has been shown that
exosome-mediated transfer of mRNAs and small
RNAs (sRNAs) is a novel mechanism of genetic
exchange between cells [2].

The literature about EV is extensive, new and
newer comprehensive descriptions are appearing
[3-6]. It should be noted that mainly the EV with
small RNAs cargo which modify recipient cell
protein production and gene expression (here in
the germ cell lines) today “update” Darwin’s more
than 150 years old genial idea of the inheritance
of acquired characters (“pangenesis”) [1, 7, 8].

However, there are two sites of the same
coin. From history, we know that the research
of uranium fission in the early 20 century led
on one hand to nuclear powerhouses, on the
other hand to the creation of nuclear weapons.
Research into the inheritance of “acquired
characteristics” is a path toward changing human
heredity. The hereditary “changes” can cure or
significantly improve hereditary diseases. On
the other hand, it can lead to incredible increase

' Non-Coding
(date: 13.05.2025).

of pathological casualties, human sterility and
even to depopulation of “selected” ethnic groups,
or the whole humankind. These changes would
be irreversible, and they would be recognized
rather late.

This study has been evoked by the explosive
interest of molecular biologists in studying small
RNAs and the epigenetic changes they cause in
inheritance.

The purpose of the study. To identify the
level and directions of research on small RNAs
capable of inducing pathological processes.

The source base of the study. Articles from
scientific journals available through the PubMed
search engine.

Research method. Analytical.

Tasks Addressed:

- a theoretical introduction to the extensive
world of small RNAs;

- examination of the
epigenetic inheritance;

- the potential for dual-use of the technology.

mechanisms of

Small RNAs (sSRNA). According to “Selection
ontheepigenome:smallRNAinheritanceinanimal
evolution”, the epigenetic alterations include
DNA methylation, histone modifications, and
the production of sSRNAs [9]. Recent work across
the tree of life has shown that environmentally
induced epigenetic modifications can be stably
inherited by offspring which were never exposed
to the original environment, a process termed
transgenerational epigenetic inheritance (TEI).
TEI can be beneficial in stressful environments,
for example under starvation or in the presence
of pathogens. Nevertheless, some authors have
found non-adaptive or maladaptive TEI effects
ncRNAs (non-coding RNAs) are RNA molecules
that are transcribed from DNA but do not encode
proteins [10, 11]. They can be further divided
into several categories based on their function
and size'. For example:

i) SmallncRNAs: Theseinclude microRNAs
(miRNAs), small interfering RNAs (siRNAs),
and PIWI-interacting RNAs (piRNAs). These
ncRNAs are typically 20-25 nucleotides in length
and function by regulating gene expression.

ii) Long ncRNAs: These are ncRNAs that
are more than 200 nucleotides in length and
often play structural roles in the cell. Examples

RNAs (ncRNAs). URL: https://alcartez.github.io/Bioinformatics_Guides/ncRNA_Guide/
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include Xist, which plays a role in X-chromosome
inactivation, and HOTAIR, which plays a role in
chromatin remodeling.

iii) Other ncRNAs: There are many other
types of ncRNAs, including tRNA-derived
small RNAs (tsRNAs), repeat-associated small
interfering RNAs (rasiRNAs), and natural
antisense transcripts (NATs), among others.
These ncRNAs may have a variety of functions,
including regulation of gene expression, RNA
processing, and DNA modification.

There are many different types of ncRNAs,
and they can be classified based on their size,
structure, and function. Some common types of
ncRNAs include:

i) microRNAs (miRNAs): These are small
ncRNAs (typically 20-25 nucleotides in length)
that regulate gene expression by binding to the
3’ untranslated region (3’ UTR) of target mRNAs
and inhibiting their translation.

ii) small interfering RNAs (siRNAs):
These are also small ncRNAs (typically 20-25
nucleotides in length) that play a role in the RNA
interference (RNAi) pathway, which is a process
that silences specific genes.

iii) PIWI-interacting RNAs (piRNAs): These
are small ncRNAs (typically 23-30 nucleotides
in length) that are involved in the regulation of
transposons (mobile genetic elements) and the
repression of transposon-derived small RNAs.

iv) Xist: This is a long ncRNA (typically
17 kilobases in length) that plays a role in
X-chromosome inactivation, a process that
ensures that females have the same amount of
X-chromosome gene expression as males.

v) HOTAIR: This is along ncRNA (typically
2.2 kilobases in length) that plays a role in
chromatin remodeling, which is the process
of modifying the structure of chromatin (the
complex of DNA and proteins that make up the
chromosome).

vi) tRNA-derived small RNAs (tsRNAs):
These are small ncRNAs (typically 18-30
nucleotides in length) that are derived from
tRNAs (transfer RNAs) and play a role in the
regulation of gene expression.

vii) repeat-associated small interfering RNAs
(rasiRNAs): These are small ncRNAs (typically
21-24 nucleotides in length) that are involved in
the regulation of transposons and the repression
of transposon-derived small RNAs.

viii) natural antisense transcripts
(NATSs): These are ncRNAs that are transcribed
from the opposite strand of DNA as the sense
strand and may play a role in the regulation of
gene expression.

The small - sSRNAs were extensively reviewed,
and we will explain only additionally necessary
facts when required [12].

Journal of NBC Protection Corps. 2025. V. 9. No 4

The sRNA inheritance system consists of
all sRNA transcripts, precursors, interacting
proteins, and other cellular components that
interact to regulate or silence gene activity and
elicit inheritance independently of the causative
stressor. In this context, it is irrelevant which
specific silencing mechanism (e.g., degradation
of complementary transcripts and/or histone
modifications) is involved—the sole criterion
is that these changes are initiated through the
production of sSRNAs and are inherited by the
next generation.

sRNAs are traditionally divided into three
groups—small interfering RNAs (siRNAs),
PIWI-interacting ~RNAs  (piRNAs), and
microRNAs (miRNAs). sRNAs interact with
argonaute (AGO) proteins to form an RNA-
induced silencing complex (RISC) that elicits
gene expression changes via complementary
base-pairing. Many AGO proteins directly
cleave targets via endonucleases. However, some
AGO proteins recruit additional components to
RISC, such as methyltransferases which deposit
methylation (Figure I).

To show how complex the situation looks
like, we mention a picture of the biogenesis
of small RNAs and long ncRNAs (IncRNAs)
(Figure 2).

The small and long non-coding RNAs are
not “detached”.They are in a state of “cross-
interaction,” which enables them to disrupt the
functioning of gene networks, i.e., hundreds of
genes simultaneously (Figure 3).

As mentioned above, to the group of small
RNAs belong the tRNAs and tRNA-derived
small RNAs (tsRNAs). The immense complexity
of post-transcriptional modifications, shown in
Figure 4, suggests catastrophic consequences for
human health from any external intervention.

The roles of the tRNA modifications and
their connections to human diseases are shown
in Figure 5.

The tRNA derived RNAs (tDRs), also known
as tRNA fragments (tRFs) and tRNA-derived
small RNAs (tsRNAs), are cleavage products
from tRNA precursors and mature tRNAs.
To date, more than 20,000 different tDRs have
been discovered, which differ in length and
sequence [16].

These tDRs have emerged as essential
regulators of many biological processes,
such as transposon activation, translation,
innate immune responses, transgenerational
inheritance, and development [17, 18].

However, the rapid expansion of this field
has led to confusion in their nomenclature.
Therefore, a tDR name system, an algorithm
designed to standardize the naming of tDRs has
been developed [19].
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Figure 1: A simplified schematic illustrating the three primary pathways of small RNA biogenesis in animals and their role in
regulating or suppressing gene activity. Small interfering RNAs (siRNAs) originate from long double stranded RNA (dsRNA)
and are generated by the RNase Il enzyme Dicer. SiRNAs associate with AGO-clade Argonaute proteins and degrade target
RNA using the slicer activity of Argonaute proteins. MicroRNAs (miRNAs) originate from partly double-stranded RNA
hairpins. MiRNA biogenesis proceeds in two steps involving the RNase Ill enzymes DROSHA and DICER. MiRNAs associate
with AGO-clade Argonaute proteins and recruit RNA-degradation machinery to silence their targets post-transcriptionally
(PTGS). PIWI-interacting RNAs (piRNAs) originate from long single-stranded precursors. Their biogenesis involves the
endonuclease Zucchini/PLD6(ZUC) (primary piRNAs), or piRNA-guided slicing during ping-pong (secondary piRNAs).
Maturation of some piRNAs involves additional 3’ trimming. PIWI-piRNA complexes degrade target-RNA in the cytoplasm
or establish lasting epigenetic restriction in the nucleus. The whole Figure and the text were taken from [13]

PucyHok 1 - YnpoujeHHoe cxemamuuecKkoe u3obpaceHue mpex 0CHO8HbIx nhymeli 6uozeHe3a masnvix PHK y scueomHbix,
8/1UAIWUX HA pez2ynayuro uau nodaesieHue 2eHHoU akmueHocmu. Masneie uimepgepupyroujue PHK (MuPHK, siRNAs)
obpasyromcs u3 0nuHHbIx dsyuenoyeuHoix PHK (OuPHK) npu yuacmuu PHKasui Il Dicer. MuPHK cesisbigatomcs ¢ 6esn-
kamu Argonaute (AGO) u pacwenastom monekynol PHK-MuweHu 6aazo00apsi 3HOOHyKnAea3Hol akmuseHocmu («slicer»)
amux 6enkos. MukpoPHK (MuPHK, miRNAs) o6pa3sytomcs u3z uacmuuyHo 0syuenoyeyHbix wnusaeuHoix cmpykmyp PHK. Ux
buozeHe3 ocyuecmesngemcsa e 0e8a smana ¢ yuacmuem PHKas Ill DROSHA (s s0pe) u DICER (8 yumonsna3sme). MuPHK
cesasvlearomcs ¢ beakamu Argonaute (AGO) u Hanpaensom annapam Oezpadauuu PHK 948 hocmmpaHcKkpunyuoHHo20
catineHcuHza 2eHos-muweneli (MTIC, PTGS). PIWI-e3aumodeticmeyroujue PHK (nuPHK, piRNAs) o6pasytomcsa u3 dauH-
HbIX 00HOUEenoYeyHbIX hpedwecmeeHHUKo8. B ux 6uozeHese yuacmeyem 3HO0oHyKneasa Zucchini/PLD6 (ZUC) (nepeuuHbie
nuPHK) unu mexaHu3m «nuHz-noH2» ¢ yyacmuem camux huPHK (emopuurbie nuPHK). Co3pesaHue Hekomopbix huPHK
8K/souaem 0onosiHUMesibHoe ykopouyeHue ¢ 3'-koHua. Komnnekcol PIWI-piRNA pacwenaaiom PHK-muweHu e yumo-
n/aasMe uau ycmaHasauearm 00/20CPOYHOE 3nUzeHemuyecKoe penpeccusi mpdHcKpunyuu 8 siope. PucyHok u mekcm
3auMcmeosaHsbl u3 [13]

Circular RNAs (circRNAs) are a large
family of non-coding RNAs characterized by

in cancer and generate proteins that are shorter
than mRNA-encoded proteins, which can

a single-stranded, covalently closed structure,
predominantly synthesized through a back-
splicing mechanism. While thousands of
circRNAs have been identified, only a few have
been functionally characterized. Although
circRNAs are less abundant than other RNA
types, they exhibit exceptional stability due to
their covalently closed structure and demonstrate
high cell and tissue specificity. CircRNAs play a
critical role in maintaining cellular homeostasis
by influencing gene transcription, translation,
and post-translation processes, modulating the
immune system, and interacting with mRNA,
miRNA, and proteins. Abnormal circRNA
expression has been associated with a wide
range of human diseases and various infections
[20-22].

CircRNAs are translated under conditions
that favor cap-independent translation, notably

acquire new functions relevant to diseases
[22]. The situation is rather complex and to
“unpredictable”. As suggested by Zhang and Zhao
[23], the employment of the AI or “deep learning
technologies” for analyzing these complex data
became mandatory.

So far, we have shown comprehensive,
theoretical “introduction” into the big world
of SRNA (small RNAs). However, all diseases
presented above (e.g. in Figure 5 for “tRNA
modifications and connections to human
diseases”) are those which today are known as
“heritable”. This means that they are inherited
as somatic mutations of the human genome.
The novel kind of possible biological weapons
would not rely on these mechanisms. We
have in mind the “environmentally” induced
sRNA inheritance. In other words, an artificial
introduction (application) of certain sRNAs
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Figure 1: Biogenesis of small RNAs and IncRNAs. A,
Well-defined biogenesis pathway of miRNAs. B, Diverse
biogenesis pathway and features of IncRNAs. The whole
Figure and the text were taken from [14]

PucyHok 1 - buozeHe3 manvix PHK u 0AUHHbIX HEKoOu-
pyrouwux PHK (0nHKPHK). A - [lemasnbHo oxapakmepu3o-
8aHHbIli nymb 6uozeHe3za MukpoPHK (MuPHK). B - PasHo-
obpasue nymeli 6uozeHe3a u ¢pyHKyuli 0nuHHbIX HKPHK
(0aHKPHK). PucyHok u mekcm 3auMcmeosarbl us [14]

which are not a “product” of the maternal/
paternal “genetic material”. These sSRNA would
accumulate in the germ cells (oocytes, sperm)
and after fertilization would be transmitted to
the offspring - i.e. next generation(s). SRNAs are
known for their long-time stability and resistance
to the RNAses. They can be transmitted to
the organism by food, aerosol, parenterally
(vaccines, DNA and RNA preparates). As will
be shown below the substitution of uridine
with pseudouridine and its methylation to N1-
methylpseudouridine further enhances the RNA
stability and can guide transport of sSRNA to the
germline. The consequences could be disastrous.
Not to be recognized immediately the effect(s)
could be irreversible. Different diseases of the FO
(parental) and further F1, F2, ..., FX generations
and depopulations (among others) of different
ethnic groups.

Environmentally induced sRNA inheritance
has been documented in model species such
as Caenorhabditis elegans [24], Drosophila
melanogaster [25], and mice [26].

One of the most exciting observations of
epigenetic inheritance has been described in
2014 by Dias and Ressler [27]. The authors
subjected FO mice to odor fear conditioning
before conception and found that subsequently
conceived F1 and F2 generations had an increased
behavioral sensitivity to the FO0-conditioned

Journal of NBC Protection Corps. 2025. V. 9. No 4

odor, but not to other odors. When an odor
(acetophenone) that activates a known odorant
receptor (Olfr151) was used to condition FO
mice, the behavioral sensitivity of the F1 and F2
generations to acetophenone was complemented
by an enhanced neuroanatomical representation
of the Olfr151 pathway. Bisulfite sequencing of
sperm DNA from conditioned FO males and F1
naive offspring revealed CpG hypomethylation
in the Olfrl51 gene. In addition, in vitro
fertilization, F2 inheritance and cross-fostering
revealed that these transgenerational effects
are inherited via parental gametes. The authors
state: “In summary, we have begun to explore an
under-appreciated influence on adult behavior—
ancestral experience before conception. From a
translational perspective, our results allow us
to appreciate how the experiences of a parent,
before even conceiving offspring, markedly
influence both structure and function in the
nervous system of subsequent generations. Such
a phenomenon may contribute to the etiology
and potential intergenerational transmission
of risk for neuropsychiatric disorders, such
as phobias, anxiety and posttraumatic stress
disorder. To conclude, we interpret these results
as highlighting how generations can inherit
information about the salience of specific
stimuli in ancestral environments so that their
behavior and neuroanatomy are altered to allow
for appropriate stimulus-specific responses.”
In summary, when mice were trained with
acetophenone, the F1 and F2 generations showed
a heightened startle response in the presence of
acetophenone, butnotin the presence of propanol.
When the ancestors were instead trained with
propanol, their descendants were fearful in the
presence of propanol, but not acetophenone. The
authors showed that the response was transmitted
through either the male or female germ line up to
two generations, suggesting that both sperm and
egg DNA register the exposure as an epigenetic
mark.

In the comment [28] - “the authors propose
that germ cells, which are known to contain
olfactory receptors, are activated by odor and
trigger a signaling pathway that targets site-
specific DNA methylation. However, this is not
sufficient to explain how these changes in DNA
methylation in olfactory receptors are linked to
thefearful experience. Thus, there mustbe sensors
of behavioral experience in the gamete that are
as yet unknown and that could incorporate the
brain signals into several addresses in the sperm
genome (Figure 6). Sperm olfactory receptors
could be a component of such machinery, as well
as hormone receptors such as glucocorticoid
receptors. Other attractive candidates include
sRNAs, which could potentially circulate
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Figure 3: Crosstalk between small RNAs and IncRNAs. A, The crosstalk between miRNA and IncRNA during biogenesis.
(Left) Some IncRNAs contain local hairpin structures that yield miRNAs, serving as pri-miRNAs, illustrated by the H19
IncRNA whose hairpin produces two conserved miRNAs, miR-675-3p and miR-675-5p. (Right) Long non-coding RNAs can
block miRNA maturation. As an example, the IncRNA MPRL pairs with the apical loop region of pre-miR-483, interfering
with its interaction with DICER, resulting in a decrease of miR-483 production during cisplatin-induced stress. B, Functional
crosstalk between miRNAs and IncRNAs. (Left) Some abundant IncRNAs may regulate (enhance or block) gene expression by
decoying miRNAs. Of note, this miRNA sponge (ceRNA) hypothesis is unlikely to occur in physiological conditions unless the
sponge RNA is highly abundant and contains multiple high-affinity, closely spaced miRNA binding sites (MREs). Thus, the
stoichiometric ratio of examined RNAs should be critically evalu ated. (Right) Complex crosstalk among miRNAs, the IncRNA
Cyrano, and the circular RNA Cdr1as. Cyrano base pairs with miR-7 trigger miR-7 degradation via target-directed microRNA
degradation (TDMD), protecting Cdr1as from miR 7-mediated destruction in neurons. Another miRNA, miR-671, binds to
Cdr1as and induces Ago2-catalyzed slicing of Cdr1as. The whole Figure and the text were taken from [14]

PucyHok 3 - Bsaumodelicmeue (Kpocc-mok) mexudy manvimMu u dauHHbiMu HKPHK. A - B3aumodelicmeue 6 hpouecce
6uozeHesa. Cneea - Hekomopsble 0aUHHble HeKooupyrowue PHK codepycam winuneyHvie cmpykmypel, cayxcaujue npeod-
wecmeeHHuUkamu 018 MuPHK (pri-miRNAs). Hanpumep, winuabka 6 mpaHckpunme 9auHHoli Hekooupyroweli PHK H19 ze-
Hepupyem KoHcepsamueHblie MUuP-675-3p u muP-675-5p. Cnpaea - 0auHHbie Hekooupytoujue PHK mozym 6a0kuposamo
cospesaHue MUPHK. 1auHHas Hekodupytowas PHK MPRL ceasbieaemcs ¢ anukanbHol nemaseli pre-MuP-483, 6a0Kupys
e20 e3aumooelicmsue ¢ DICER u cHuxcas npodykyur 3penozo MuP-483 e ycnosusx cmpecca, UHOYUUpo8aHHO20 yuchaa-
muHom. B - ®yHkuyuoHanbHoe e3aumodelicmeue. Cnesa - u3bbimouHbie 0/1UHHble Hekooupyrouwue PHK mozym pezynupo-
eamb (ycuaueamop uau 670KUPO8AMb) 3KCNpeccuro 2eHo8, ebicmynasl 8 posiu «npuMaHKku» (decoy) ons muPHK (zunomesa
«MUPHK-2y6ku»; unu ceRNA - competitive endogenous RNA, KoHKypupyouwiasi sHoozeHHas PHK). [ns peanusayuu smo-
20 MeXaHu3Ma e (hu3uos02uYecKUx yca108UsiX mpebyemcs ebicokas KoHueHmpayusi PHK-npuMaHku ¢ MHoycecmeeHHbl-
MU 8bicokoappuHHbIMU calimamu cesasbieaHuss MUuPHK (MRE), umo 0esaem Heo6xo0UMbIM KpumuyecKyr oueHKy cme-
Xxuomempuueckozo coomHoweHuss PHK. Cnpaea - cnoxcHoe e3aumodelicmeue mexc0y MuP-7, 0nuHHoU Hekodupyroujel
PHK Cyrano u konbuesoli PHK Cdrlas. Cyrano komhaemMeHmapHo cessbieaemcs ¢ MuP-7, 3anyckas ee 0ezpadayuto no
mexaHusmy TDMD (0ezpadauyus MmukpoPHK, Hanpasnsemas muweHsio), u 3aujuwaem Cdrlas om paspyweHus. O0Ho-
epemMeHHO MuP-671 cesasvieaemcs ¢ Cdrlas u uHOyyupyem ez2o pacwienseHue npu kamasnuse Ago2. PucyHok u mekcm
3aumcmeosaHbl u3 [14]
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Figure 4: Schematic representation of human cytoplasmic
tRNA modifications and their writer enzymes. Modified
nucleotides are numbered. Each type of tRNA modification
and their modifying enzymes are indicated. Modification
enzymes that are confirmed in other organisms are listed
in parentheses. The abbreviation of each RNA modification
conforms with the RNA modification database MODOMICS.
The whole Figure and the text were taken from [15]
PucyHok 4 - Cxemamuueckoe u3obpaxiceHue MoouguKa-
uuti yumonnasmamuueckoli mPHK uenoeeka u ¢epmeH-
moe, Ux ocyuecmesowux. MoouguyuposaHHbie HyKae-
omuObl NPoHYMepoeaHbl. YkazaHbl mun modudukayuu u
coomeemcmeyrowue hepmeHmol. DepmeHmol, NoOmeepic-
OeHHble y Opya2ux op2aHU3mMo8, yKasdHbl 6 ckobkax. Cokpa-
weHus Moougukauuli coomeemcmeyiom 6da3e OAHHbIX
MODOMICS. PucyHok u mexkcm 3aumcmeosansi us [15]

systemically from brain to sperm and target
specific sequences in the genome. The changes
in DNA methylation must be protected in the
germ line and transmitted during cellular
differentiation to guide the formation of
circuitry and anatomical densities of olfactory
receptors during brain development. The lack of
differential methylation in the mature olfactory
receptor neuron might indicate that these
differentially methylated gene targets are critical
for the developmental stages and disappear once
the relevant circuitry is established.”

This study by Dias and Ressler [27] provides
strong evidence that the germline can serve as
a vector for transmitting lessons from adult
experience across generations. Future studies
are needed to determine how important these
mechanisms are in humans and whether they
influence the rapid evolution of phenotypes seen
in human populations.”

In humans exposed to violence epigenetic
“signatures” have been observed in three
generations [29]. Here, the authors discuss the
possibility that maternal traumainfluencesinfant
and adult health outcomes and may impact future
generations through epigenetic modifications

Journal of NBC Protection Corps. 2025. V. 9. No 4

Figure 5: tRNA modifications and connections to human
diseases. Schematic representation of the relationship
between abnormal tRNA modifications and various
human diseases, with a focus on neurological disorders,
mitochondrial disorders, and cancers. The whole Figure and
the text were taken from [15]

PucyHok 5 - Mooudukayuu mPHK u ux cessb ¢ 3a6osne-
eaHusIMu Yesoeekd. Cxemamuueckoe npedcmasseHue 83d-
umocesizu Mexc0y HapyuweHusmu mooucukayuti mPHK u
pasnuyHeIMU 3a60/€6aHUSMU YesioeeKd, C dKUeHMoM Ha
Heeposiozuyeckue paccmpolicmed, MUMOXOHOpPUAsbHbIe
namosiozuu U OHKoslozu4eckue 3ab6osesdaHusi. PucyHok u
meKcm 3aumMcmeosaHsl us [15]

such as DNA methylation (DNAm). The authors
assessed DNAm signatures of war-related
violence by comparing germline, prenatal,
and direct exposures to violence across three
generations of Syrian refugees. They compared
tamilies in which a pregnant grandmother versus
a pregnant mother was exposed to violence and
included a control group with no exposure to
war. They collected buccal swab samples and
survey data from mothers and 1-2 children in
each of 48 families (n=131 participants). Based on
an epigenome-wide association study (EWAS),
the authors were able to identify differentially
methylated regions (DMPs): 14 DMPs were
associated with germline and 21 DMPs were
associated with direct exposure to violence.
The largest difference in DNAm relative to
unexposed controls was observed at a germline-
associated DMP, cg01490163, with lower DNAm
among those exposed in germline (Difference: —
0.265, 95% confidence interval (CI) — 0.349, -
0.181). The site is approximately 3 kb upstream of
Keratin 36 (KRT36), which produces keratin and
has a potential role in some cancers. Compared
to controls, the highest DNAm was observed at
the germline-associated DMP, ¢g07462448, and
two direct-associated DMPs, cgl4117527 and
cgl14832449. Site cg07462448 is annotated to
Caspase 7 (CASP7), which belongs to a family of
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Figure 6: Model for epigenetic inheritance of odor fear conditioning. Association of acetophenone odor with an electrical
shock condition the mouse for an enhanced acetophenone startle response of acetophenone Although the mechanism is
unknown, this may trigger the release of circulating molecule(s), such as sSRNAs or glucocorticoids, that act on spermatogonia
to direct DNA methylation changes in both specific olfactory receptor genes, such as Olfr151, and other genes, as yet
unknown, that are involved in the fear conditioning circuitry in the brain. When the demethylated sperm fertilizes a naive
female, the methylation pattern is maintained in the fertilized eggs and may guide the differentiation of fear circuitry. The
adult F1 mouse exhibits enhanced startle in the presence of acetophenone. During primordial germ cell differentiation in
the F1 mouse, the methylation pattern triggered by the conditioned exposure to acetophenone is preserved. When the
resulting marked sperm fertilizes a naive mouse, the offspring F2 will develop the same conditioned fear response circuitry
in the brain, using the epigenetic information in the F1 sperm to guide differentiation. The adult F2 mouse likewise shows a
heightened startle response in the presence of acetophenone. The whole Figure and the text were taken from [28]
PucyHok 6 - Moodesnb anuzeHemuyeckozo HACAE008AHUS YC/08HO20 pedaeKca cmpaxa HA 3anax. Accouyuayus 3anaxa
ayemoceHoHa ¢ yoapoMm 371eKmpuyeckozo moka obycsoeaueaem y Mblliu YCUAEHHYI0 dKyCmMUUYecKylo cmapmJ-peakyuio
Ha ayemodpeHoH. Xomsi MexdHU3M Heu3eecmeH, 3mMo MoXdcem 6bi3bleamb 8bIC8060NHCOEHUE UUPKYAUPYHWUX MOEKY
(Hanpumep, mukpoPHK unu zawokokopmukoudos), Komopble Oelicmeylom HA ChepMamozoHUU, HANPAesisi U3MeHeHUs
memunuposarus [JHK kak e cneyuguuyeckux 2eHax o6oHAMeAbHbIX peuenmopos (Hanpumep, Olfr151), mak u e dpyaux,
NOKa Heu38eCMHbIX 2eHAX, 806/1e4eHHbIX 8 HelipOHHYH uenb 06ycnasnuedHue cmpaxd e 20/108HOM Mo3ze. Kozoa deme-
MmusaupoeaHHvlli chnepmMamo3soud onso0omeopsiem HAUHYl CAMKY, nammepH MemusupoedaHusi COXpaHsiemcsi 8 onso-
0omeopeHHbIX sAliueKaemKkax u Moxcem Hanpaensame ouggepeHyuposKy HelipoHHoU yenu cmpaxa. B3pocaas meiwb F1
deMoHCmMpupyem ycuseHHyI peakyuro ucnyaa (630pazuseaHus) é npucymcmeuu auyemodeHoHa. B xo0e duggpeperyupos-
KU NpUMOpOUAsTbHbIX 3apo0bluiesblX KaAemok y Mbiuu F1 nammepH MemuaupoedHusi, UHOYUUPOBdHHbIl 8bIpAd6OMAHHLIM
eo30elicmeueM auemocpeHoHa, coxpaHsemcs. Koz0a nosyyeHHbili MeyeHbili cnepMamo3oud ons000meopsiem HAUeHYyH
MblWb, nomoMcmeo F2 pazsueaem my Jce 8bipabomaHHyH Uenb peakyuu cmpaxa é Mo3ze, UCN0/1b3ysl 3nuzeHemu4ecKyto
UHpopmayur e cnepme F1 015 HanpasneHus ouggepeHyuposku. Bapocaas mbiwb F2 aHanozuuyHo nposiensiem ycuseH-
HYI cmapms-peakuuro 6 hpucymcmeuu auemodgeHoHa. PucyHok u mekcm 3aumcmeoeaHsi us [28]

proteins that play a central role in cell apoptosis.
Site ¢cgl4117527 is annotated to RAB43/
ISY1-RAB43 (RAB43 is involved in membrane
trafficking pathways and cellular homeostasis
and is a member of the RAS oncogene family, and
the ISY1-RAB43 readthrough transcript) and
cgl4832449 is annotated to RPI11- 1028N23.3,
which is a long non-coding RNA [29].

Most DMPs showed the same directionality
in DNAm change across germline, prenatal,
and direct exposures, suggesting a common
epigenetic response to violence. It should be
noted that accelerated epigenetic aging is thought
to correlate with accelerated biological aging and
may be an underlying mechanism for age-related
health outcomes [30].
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From the point of memory transfer the results
of McConnel who performed his experiments
with planaria and memory transfer’ and more
recent results obtained with Aplysia [31], are
pointing to the epigenetic mechanism. Recently
[31] the authors reported that RNA extracted
from the central nervous system of Aplysia
given long-term sensitization training induced
sensitization when injected into untrained
animals.  Furthermore, the RNA-induced
sensitization, like training-induced sensitization,
required DNA methylation.

The author itself did some research in the
memory transfer occurring after the heart
transplants [32]

In other words, Darwin’s gemmules are
present everywhere: “We cannot fathom the
marvelous complexity of an organic being; but
on the hypothesis here advanced this complexity
is much increased. Each living creature must
be looked at as a microcosm—a little universe,
formed of a host of self-propagating organisms,
inconceivably minute and as numerous as the
stars in heaven.” [1].

How is epigenetic information transferred
across generations [33]? The authors do not
clarify the mechanisms; however, they are
pointing to the “narrow” difference between
transgenerational and intergenerational
effects: In mammals, transgenerational effects,
particularly those that occur in response to the
environment, are defined as any phenotypic
or molecular effect that persists for 3 or more
generations through the female line or 2 or more
generations through the male line. By contrast,
effects that only persist for 1 or 2 generations are
for the most part referred to as intergenerational
effects. This definition of intergenerational
effects includes, but is not limited to, multiple
examples of effects that were classically referred
to as parental effects. Whether a phenotype
is intergenerational or transgenerational was
originally determined by whether the genetic
material for the subsequent generations was
present at the time of exposure to the altered
environment. This often differs between different
species, so caution must be used to identify
whether the germ cells were present at the time of
exposure. The original distinction between these
two terms lies in the fact that intergenerational
effects could, in principle, be caused by the
effects of the parent’s environment/physiology
directly on the developing embryo/fetus or
on germ cells but transgenerational effects
could not be due to direct exposure. However,

mechanistic investigations of multiple different
intergenerational effects have since discovered
mechanisms of intergenerational regulation that
arenotdue to the direct effects of the environment
on germ cells or F1 embryos. In some cases, these
mechanisms are initiated and maintained using
similar mechanisms as transgenerational effects
such as the transmission of small RNA molecules
via germ cells. Nonetheless these effects remain
described as intergenerational effects. Thus, the
currently used definition of intergenerational
has evolved to refer mainly to the duration
a phenotypic effect persists for rather than
the potential mechanism by which the effect
is mediated (Figure 7). By comparison, for a
phenotype to be considered transgenerational,
none of the individual’s genetic material can
be present at the time of the environmental
insult (Figure 7). Thus, transgenerational effects
predominantly refer to phenotypic effects that
persist for three or more generations. The author
is not interested in polemics; however, one
must admit that the “intergenerational” effects
(persisting for 1 to 2 generations) must somehow
be incorporated into the germ cells. We are not
talking about “classical” Mendelian rules but
epigenetic “hereditary” changes.

According to Yap and coworkers [34],
small non-coding RNAs constitute a dynamic
epigenetic layer in mature (human and mouse)
spermatozoa that can exert transgenerational
regulatory functions. The profile of these RNAs
changes dramatically during spermatozoa
maturation. The majority of intracellular
small RNAs during early spermatogenesis are
miRNAs and piRNAs. In mature spermatozoa,
tRNA- and rRNA-derived fragments (tRFs and
rRFs, respectively) are the predominant forms,
primarily delivered from the epididymis via
extracellular vesicles (Figure 8). Diet, exercise,
and environmental exposures have a direct
effect on small RNA levels in spermatozoa,
and this differential abundance can reprogram
the development of the embryo. Offsprings of
fathers with different lifestyles can have different
phenotypes, including altered metabolism or
behavior. Therefore, small RNAs in spermatozoa
are emerging as an important epigenetic layer in
development and transgenerational inheritance.

Is the human sperm “sncRNAome” constant
or is it variable among ethnic groups? It has been
shown [35] that human sperm sncRNAome has a
“core component” that shows small variations and
a “peripheral component” that shows significant
variations across individuals and ethnic

2 Omary A. Is Memory Transfer Possible? One small creature's surprising role in the study of memory. Psychology
Today. 2022. October 12. URL: https://www.psychologytoday.com/us/blog/natured-nurture/202210/is-memory-

transfer-possible (date: 13.05.2025).
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Figure 7: Distinction between inter and transgenerational phenotypes. Numerous different parental (PQ) stresses can have
multigenerational effects on offspring. Intergenerational effects represent any effect of parental stress on F1 progeny that
either directly acts on or is communicated through PO germ cells or developing F1 embryos in utero. By comparison, all
effects that are initiated in the PO generation and persist into the F3 (or later) generations are transgenerational effects.
Effects that are initiated in the PO generation and persist to the F2 generation are intergenerational if any germ cells of F1
animals have formed in utero when the initiating event/stress was present and transgenerational if no F1 germ cells have
formed. These original distinctions between intergenerational and transgenerational effects in F2 progeny are still used as
definitions in literature irrespective of the mechanisms that mediate multigenerational effects in progeny, including cases
where such effects might not be transmitted via germ cells. The whole Figure and the text were taken from [33]

PucyHok 8 - PaszpaHuyeHue UuHmMepzeHepauuoHHbIX U MPAHC2eHepayUuoHHbIX heHomunoe. MHozouuceHHble pas3auy-
Hble cmpeccoeble 8030elicmeusi Ha podumesibckoe noKoseHue (PO) Mo2ym okasbléamb MHO20N0KoseHHble 3hekmbl Ha
nomomcmeo. MiumepzeHepayuoHHbie 3¢hgpekmobl npedcmaensiom coboli nbble 3¢pheKmbl poOuMesIbCKo20 cmpecca Ha
nomomcmeo F1, komopule Au6o HenocpedcmeeHHO 8030elicmayom Ha 3apoodbiwesbie Kaemku PO uau paseusarowuecs
ambpuonbl F1 in utero, nubo nepedaromcs yepe3 HUx. TpaHczeHepayuoHHble 3¢hekmsl - ece 3chhekmbl, UHUYUUPOBAH-
Hble 8 nokoseHuu PO u coxpaHawouwuecsi 8 nokoseHusx F3 (unu no3dHee). dgekmol, UHUYUUPOBAHHbIE 8 hoKoseHuu PO u
coxpaHsoujuecsi 00 hokoseHusi F2, cuumaromcs: uHmepzeHepayuoHHbIMU, ecau popMuposaHue 3apoobliliesblX KAemokK y
ocobeli F1 npoucxoouso in utero 6o epems 0elicmeusi UHULUUPYHOW,e20 CMPecco8ozo (hakmopa; mpaHczeHepayuoHHbIMU,
ecsu popmuposaHue 3apoobiliesbix Kaemok F1 ewje He HaYan0cb. IMu UCX0OHbIE PasauYus Meicoy UHmMep2eHepauuoH-
HbIMU U mMpaHczeHepauuoHHbIMU 3¢hcpekmamu y nomomcmea F2 npodoaxcarom ucnosnb3oe8amscs 8 Kauecmee onpedesie-
Huli 8 ”lUMepamype, He3asUCUMO 0M MexXaHU3M08, 0NOCPedyU,UX MHO20NOKO/1eHHble 3¢hcheKmbl y NOmoMcmed, 8K/touast
cayyau, kKoeda makue 3¢phekmol Mo2ym nepedasambcsi He Yepe3 3apoobiluesble Kaemku. PUCYHOK u meKcm 3auMcmeosa-
Hbl u3 [33]

populations. Thus, the availability of the normal
human sperm sncRNAome would help delineate
biologically meaningful variations from sample-
to-sample natural/random variations.
Epigenetic inheritance. In an exciting paper
[36], the authors have shown that the epigenetic
phenomenon (suppression homozygous
mutation for short antennae} occurs in the
short antennae (sa) mutation of the flour moth
(Ephestia kuehniella). The authors demonstrated
that it is probably determined by a small RNA
(e.g., piRNA, miRNA, tsRNA) and transmitted
in this way to subsequent generations through
the male and female gametes. The observed
epigenetic change canceled sa mutation and
created a wild phenotype (a moth that appears

to have no mutation). It persisted for many
generations — up to 40 recorded generations.
This  epigenetic  transgenerational effect
(suppression homozygous mutation for short
antennae) in the flour moth is induced by
changes during ontogenetic development, such
as increased temperature on pupae development,
food, different salts in food, or injection of
RNA from the sperm of already affected
individuals into the eggs. The male flour moth
does not only deposit sperm into the female,
but a spermatophore that contains also other
components. These components were separated
and injected separately into the fertilized
eggs. The components without RNA content
(products of accessory glands, spermatophore
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Figure 8: Relative levels of small non-coding RNA as
spermatogonia differentiate to mature spermatozoa. As
they pass through the epididymis, spermatozoa are loaded
with small non-coding RNAs from extracellular vesicles
derived from epididymal cells. The whole Figure and the text
were taken from [34]

PucyHok 8 - OmHocumesibHble yposHU Masbix Hekooupy-
towux PHK e npouecce ouggepeHyuposku chepmamozo-
Hueg 6 3pesible cnepmMamo3oudbl. [Mpu npoxoxicdeHuu Yepe3
npudamok s\UYKAa chepMamo3ouobl HacbIW,arMcs MasbiMu
Hekodupyrwumu PHK u3 eHeksiemouHbix 8e3uKys, npouc-
X00AWUX U3 KAemoK hpudamka. PucyHok u mekcm 3aum-
cmeoeéaHol us3 [34]

sac, homogenized sperm denatured with
ribonuclease) separated from male sperm did
not have analogous impact like components with
RNA. The effect of total RNA differed from all
additives without RNA.

Recently it has been shown [37] that germline
small RNAs in plants and mammals are heavily
pseudouridylated. Piwi-interacting RNAs in
mouse testes, are enriched for pseudouridine (¥)
too. Why are germline small RNAs so heavily
modified in both plants and mammals? An
intriguing possibility is that modifications of
RNA in the germline may avoid viral surveillance
systems after fertilization, which could otherwise
recognize inherited small RNAs as ‘nonself” [38].

Pseudouridine (V) is a C-C glycosidic isomer
of uridine (U) with a distinct structure, in which
the uracil base is covalently attached to the
ribose ring through a C5-Cl1 linkage, as opposed
to the N1-Cl1 bond found in canonical uridine.
This structural alteration substantially affects
the physicochemical properties of ¥, altering
its base-stacking interactions and hydrogen-
bonding patterns within the RNA helix [39,

40]. As the most abundant post-transcriptional
modification, ¥ is widely distributed in various
types of RNA, including mRNA, tRNA,
ribosomal RNA (rRNA) and small nuclear
RNAs (snRNAs). Its unique chemical structure
enables it to influence the stability, structure and
function of these RNAs, thereby having crucial
physiological and pathological roles.

Notably, the 04 derivative N1-
methylpseudouridine (m1¥) has been applied in
the two approved COVID-19 mRNA “vaccines”
(Pfizer-BioNTech and Moderna). Like ¥, m1¥Y
may promote readthrough of endogenous
termination codons, the two vaccine mRNAs had
two or three consecutive stop codons to mitigate
this unwanted effect [41]. However, a recent study
found that m1¥-modified mRNA translation can
lead to the formation of frameshift proteins [42].
The accumulation of Pfizer-BioNTech “vaccine”
after vaccination has been shown mainly in the
spleen and ovaries®.

The activities such as “Decoding the
Spermatogenesis  Program: New Insights
from Transcriptomic Analyses” [43] clearly

showed a more detailed approach to the to the
transcriptome (i.e., RNA expression levels of all
genes) at tissue and cellular levels.

And, in concert to the previously mentioned
results the attempts to find the testicular
gene expression are continuing at “higher”
level [44]. In principle, spermatogenesis is a
multi-step biological process where mitotically
active diploid (2n) spermatogonia differentiate
into haploid (n) spermatozoa via regulated
meiotic programming. The alarming rise in
male infertility has become a global concern
during the past decade thereby demanding an
extensive profiling of testicular gene expression.
Advancements in Next-Generation Sequencing
(NGS) technologies have revolutionized our
empathy towards complex biological events
including spermatogenesis.

The authors [44] are illustrating the possible
applications of Sc-RNA-Seq data towards
framing appropriate preclinical studies (both in
vitro and in vivo approach) leading to potential
future diagnostic (assays/tools/kits) in male
reproductive health car.

Bioweapons. In the last section the author
is possibly approaching to open the box of
Pandora’s. However, the preparedness for future
scenarios is well-grounded [45, 46].

It has been shown* that after the vaccination
with Pfizer-BioNTech “vaccine” (with fully

* SARS-CoV-2 mRNA Vaccine (BNT162, PF-07302048). URL: https://www.docdroid.net/xq0Z8B0/pfizer-report-
japanese-government-pdf#page=17 page 17 (date: 13.05.2025).

* URL: https://lowtoxinforum.com/threads/help-with-understanding-pfizer-report-accumulation-of-vaccine-in-

ovaries.41792/ (date: 13.05.2025).
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substituted uridine with the derivate NI1-
methylpseudouridine (m1¥)) the accumulation
of the “vaccine” has been mainly observed in
the spleen and the ovaries. Paradoxically, there
is rather low accumulation of the “vaccine” in
the testes. It should be noted that pseudouridine
guides germline small RNA transport and
epigenetic inheritance [37].

It is of interest that the number of newborns
in Czechia (population 10.6 million) dropped
from 110,200 (in 2020) to 84,311 (in 2024)5,
in Hungary (population 9.6 million) dropped
from 92,338 (in 2020) to 77,511 (in 2024)° and
in Slovakia (population 5.4 million) dropped
from 56 650 (in 2020) to 46 241 (in 2024)". In
Poland (population 37.6 million) the number
of births in 2024 (252 000 which is over 20 000
less than in the year 2023) was the lowest since
the end of World War II®. So far nobody knows
if this has been a vaccination “side effect” or an
aim of vaccination with mRNA preparates in the
sense of depopulation. So far nobody publicly
announced the reason(s) for this “experimental
fact”.

On the other hand, we were describing an
existing enormous interest of human sperm
sncRNAome (Figure 8) and testicular single
cell RNA (Sc-RNA-seq) data. In other words,
huge libraries of all sperm RNAs are created.
Interestingly, one can clearly see the ethnic
differences between races [35]. This can be the
tip of an iceberg of more deeply and precisely
derived data coming from different subgroups
and from different inhabited areas. Today with
the introduction of powerful Al or “deep learning
technologies” it is not difficult to extract the data
from the sperm sncRNAome and to introduce so
called “sRNA harm”.

In the previous text we have shown that
the acquired FO mice to odor fear conditioning
before conception can be transmitted to Fl1
and F2 generations which have an increased
behavioral sensitivity to the FO0-conditioned
odor but not to other odors. So, one among
the different possibilities is to introduce a
“heritable” sterility. There will be a slow decline
of the number of newborns in the first (F1)
generation which will further proceed to sterility
of F2 or F3 generations. At this time, it will be

too late to analyze the reason for these changes.
One should not doubt such approaches. The
employment of every day growing power of tools
such as AI or deep learning technologies in the
“right hands” can bring extremely ‘interesting”
results with astonishing speed. And, taking in
account the stability and nucleotide number
(“shortness”) of sRNA which are heavily
pseudouridinylated, one can establish a rather
cheap mass production. Such products can be
added to each vaccine or nucleic acid (mRNA or
DNA) preparate (“vaccine”) or can be distributed
with food products and with aerosols. It should
be noted that all mRNA (DNA) preparates
are using LNP (lipid-based nanoparticles)
technology. The presence of PEGylated lipids in
LNPs extends their circulation time in vivo [12].
Moreover, their size corresponds to the size of
EV (“Darwin’s gemmules”) [12]. The process of
fusing of these LNP is known in the laboratory
praxis as the transfection. This means that the
whole LNP cargo is directly transported to the
cell cytoplasm. It appears that the technology for
altering epigenetic inheritance is ready.

Conclusion. Hijacking epigenetic
mechanisms of gene control for targeted in vivo
manipulation of gene expression has tremendous
potential for treating diseases and catalyzing
regenerative medicine [47]. CRISPR-based
epigenome editing offers a more precise
approach to treat a wider range of disorders
stemming from diverse forms of epigenetic
dysregulation. These include diseases resulting
from gene overexpression, duplication or loss of
expression as well as complex alterations such
as haploinsufficiency, X-linked inheritance,
imprinting disorders and promoter and enhancer
mutations [47, 48].

However, current research has not yet yielded
epigenetic inheritance technologies with proven
capability to intentionally alter the phenotype of
human offspring. The significant scientific focus
on human sperm miRNA and single-cell RNA
sequencing (Sc-RNA-seq) of testes is leading to
the rapid accumulation of data and the creation
of vast libraries of spermatozoal RNAs. Initial
analyses of these datasets suggest the presence
of population-specific variations. However, the
functional significance, biological relevance, and

> Czech Statistical Office. Births. URL: https://csu.gov.cz/births?pocet=10&start=0&podskupiny=133&razeni=-

datumVydani#data-and-time-series (date: 13.05.2025).

¢ HCSO MONITOR. 22.1.1.6. Live births, total fertility rate. URL: https://www.ksh.hu/stadat_files/nep/en/

nep0006.html (date: 13.05.2025).

7 Narodeni podla pohlavia, hmotnosti, legitimity a vitality - SR-oblast-kraj-okres, m-v [om7017rr]. URL:
https://datacube.statistics.sk/#!/view/sk/VBD_DEM/om7017rr/v_om?7017rr_00_00_00_sk (date: 13.05.2025).

8 Demographic catastrophe in Poland: The lowest number of births since WWII. URL: https://www.polonianews.
com/2025/01/demographic-catastrophe-in-poland.html (date: 13.05.2025).
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ethical implications of these observed differences
remain largely unexplored and require rigorous
investigation.

Separately, studies on the biodistribution of
mRNA vaccines, such as the one from Pfizer-
BioNTech, have reported accumulation in
reproductive tissues like the ovaries, among
others. This warrants ongoing research into
the long-term effects of any novel medical
intervention on germline cells. Furthermore,
complex demographic shifts, such as the
population changes observed in the V4 countries,
highlight the critical need for robust, multi-
factorial public health analysis. While the direct
causation with any single factor like vaccination
is unproven and highly speculative, these real-
world trends underscore the importance of
developing advanced monitoring systems. In
general, without exaggeration, epigenetic gene
control is one of the most complex and alarming
ethical and strategic problems humanity faces
alongside the development of biotechnology.
The described mechanisms are not science
fiction. Epigenetic inheritance involving small
RNAs is an established scientific fact, proven
in animal experiments. The ability of external
factors (diet, stress, toxins) to cause heritable
epigenetic changes is also confirmed. Therefore,
the hypothetical possibility of creating an agent
that deliberately induces such changes becomes

less hypothetical with each passing year. The
consequences of their application may not be
immediate, but manifest a generation(s) later.
The first victims of exposure could merely be
“carriers” of the pathology for their children.
Detecting such an attack would be extremely
difficult, and the consequences, embedded in the
epigenome, could be irreversible. Theoretically,
one can also imagine agents targeting specific
epigenetic markers characteristic of certain
ethnic or population groups. This makes it
possible to create a tool for "silent" depopulation.
It is not impossible that such tools have already
been created. In the case of interference with
the epigenome that affects germ cells, any error
(off-target effects) would be perpetuated in
subsequent generations.

This problem is a systemic challenge on
par with the nuclear threat of the 20th century,
but potentially more insidious. An urgent and
broad public discussion is required, involving
not only scientists and politicians but also
philosophers, ethicists, and the whole of
society. It is necessary to develop new ethical
norms and control mechanisms that would
not hinder science but guide it exclusively
toward peaceful and responsible use. Ignoring
these risks in the hope that "this is still
a long way off" is an extremely irresponsible
position.

Limitations of the study / Ozpanuuenus uccnie0oeanus
All data were obtained from public sources; therefore the article is strictly limited on these public sources only. /
Bce maHHBIE IOy Y€HBI U3 OTKPBITBIX ICTOYHIKOB, II09TOMY CTAaThsI CTPOTO OrPaHNYEHA TONBKO STUMI OTKPBITHI-

MU UICTOYHMKAMMU.
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