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Abstract: The mouse genome is transcribed at different rates in both directions from
the newly formed genome after fertilization. During embryonic genomic activation
(EGA/ZGA), the first RNA metabolism creates heterogeneity between blastomeres. Indeed,
ZGA-dependent maternal RNA degradation is crucial to regulate gene expression and
enable the initiation and acquisition of full developmental competence. Subsequently,
from the new genome, in addition to mRNAs, a wide range of regulatory ncRNAs are
also transcribed. Regulatory ncRNAs (non-coding RNAs) have profoundly influenced
fields ranging from developmental biology to RNA-mediated non-Mendelian inheritance,
exhibiting sequence-specific functions. To date, the database cataloging ncRNA is not
exhaustive, but their high sequence diversity, length and low expression level can vary
within the same genome depending on environmental conditions, making understanding
their functions often ambiguous. Indeed, during transcription control, cellular RNA con-
tent varies continuously. This phenomenon is observed in genetically identical organisms
studied—bacteria, flies, plants and mammals—due to changes in transcription rates, and
therefore, it impacts cellular memory. Importantly, experimental data regarding the simple
modification of RNAs levels by microinjection into fertilized mouse eggs suggest that they
certainly play a driving role in establishing and transmitting newly formed expression
information. The idea here is that, even in a stable genome, transcripts can vary rapidly and
significantly in response to environmental changes, initiated by transcriptional variations
in the genome, thus altering cellular memory.
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1. Concept of RNA-Mediated Inheritance
Memories of the Species

The Mendelian heredity mediated by DNA ensures the stability of the species’ memory.
This information is affected by rare and irreversible changes (1 error per 1 to 10 million cell
divisions) in the structure and random distribution of chromosomes during meiosis [1].
Figure 1 shows different modes of inheritance, genetic with DNA variation and RNA-
mediated non-Mendelian without.

The term non-Mendelian inheritance classically refers to modification of the genome
occurring from one generation to the next and in the genome of the offspring, notably
by the mobilization of transposable/retroviral elements and their insertion at a position
different from that of the parents. Therefore, this causes variation in DNA. These events
are also rare and continuously influence the transcription of the newly inserted region,
thus leading to very distinct phenotypes between individuals due to genetic alteration by
integration of transposable elements [2].
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Father
Mather

Child

Mendelian Inheritance (Efficient Genetic/DNA variations)
A-HOMOLOGOUS RECOMBINATION

ATTGCCT GATCCCTGAT TAACGATTCGET I ARACT TTGGACTGACTGATGGCT TGAGAGATCCCC
TAACGEACTASGGACTAATTGCTAAGC TTTGAAACCTCACTGACTACCGAACTCTCTAGGES

ATTGCCTAATCCCTGAT TAACGATTCGETTARACT TTIGGACTGACCCATGGCT TGAGAGATCCCC
TAACGCATTACGGACTAATTGCTAAGC C?TT GARARCCTGACTGEGCTACCGARACTCTCTAGGEG
=T

ATTGCCTGATCCCTGATTARACGATTCG ARACTTTGGACTGACCCATGGCTTGAGAGATCCCC
TBACGGBQTAGGGACTAATTGCTAAGOﬂ?ﬂTTGAEACCTGACTGGGTBCCGABCTCTCTAGGGG

ATTGCCTAATCCCTGATTAACGATTCGGTTAAACTTTGGACTGACT CATGECTTGAGAGATCCCC
TAACGGATTAGGGACTAATTGCTAAGCCAATTTGAARCCTGACTGACTACCGRACTCTCTAGGGE

B-Opposition to : NON-HOMOLOGOUS RECOMBINATION
Integration of free DNA, viral genome,...

Non-Mendelian Inheritance of random DNA variations (Very low incidence)

Child

Child

ATTGCCTCATCCCTTCCAAGCCGAT TAACGATTCGGT TARACTTTGGACTGACCCATGGCT TGAGAGATCCCC
TAACGGACTAGGGAAGGTICGGCTAATTGCTARGCCAATT TGAARCCTGACTGEETACCGAACTCTCTAGGGG

ATTGCCTAATCCCTGATTAACGATTCGGTTAAACTTTGGACTGACT CATGECTTGAGAGATCCCC
TAACGGATTAGGGACTAATTGCTAAGCCAATTTGAARCCTGACTGACTACCGRAACTCTCTAGGGG

C-RNA-Mediated non-Mendelian Inheritance (Efficient)

ATTGCCTGATCCCTGATTAACGATTCGGTTARACTTTGGACTGACCCATGGCTTGAGASGATCCCC
TRAACGGACTAGGGACTAATTGCTAAGCCAATTTGARACCTGACTGEGTACCGAACTCTCTAGGES

ATTGCCTAATCCCTGATTARACGATTCGGTTARACTT TCGCACTGACT CATGEGCTTGAGACGATCCCC
TRAACGGATTAGGGACTAATT GCTAAGCCAATTTGAAACCTGACT GACTACCGAACTCTCTAGGEG

Altered RNAs initiate a pattern of variables phenotypes with
changes in transcription rate in a line-dependent manner

Variables Phenotypes induced by transcription alteration

Environment Variation Model organisms Mechanisms
Chemicals Genetic variations Vectors
Care, Diet Transcription Alteration Initiation
Violance Modification: DNA/RNA interactions Maintenance
Transfer

Figure 1. Modes of inheritance. A—Mendelian random homologous recombination between parental
alleles, leading to rare DNA variations. B—Non-Mendelian recombination with non-homologous
elements such as transposons or viruses, random and rare events with DNA variations in germ
cells. C—Non-Mendelian inheritance with genome unchanged from the parents but with variable
transcription rates.

In contrast, genetically identical organisms can exhibit hereditary differences observed
in bacteria [3], flies [4], plants [5] and mammals [6,7] with high efficiencies (as opposed to
Mendelian and non-Mendelian differences) due to changes in transcription rates (without
nucleotide changes) and thus changes in cellular memory [8,9]. This is referred to as high-
efficiency RNA-mediated non-Mendelian inheritance, responsible for the appearance of
highly variable phenotypes from one generation to the next, reversible without nucleotide
modifications of the genome [6].

We do not use the term “epigenetics” here, as it is widely used for many purposes and
primarily deploys a species-specific program. It may use the same type of mechanisms,
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but it differs, to some extent, from the newly acquired phenotype in terms of maintenance,
inheritance and possible retention in an evolutionary process.

It is currently unknown how the parental environment can affect the transcription of
genetic information in the next generation without altering the DNA sequence. It is also
unknown how this newly formed information affects the phenotype and is transmitted.
Several structural and molecular variations have been reported at the chromatin [9-11],
DNA [11,12] and RNA [5,6] levels with differential methylation [13-15]. RNA, in particular,
exhibits rapid turnover under environmental stress, allowing the initiation of radical
changes and impacting immediate cellular memory capabilities.

Previously, in the early days of molecular biology research on bacteria, proteins were
considered the main factors involved in the transcription process. However, non-coding
RNAs were unknown and, more importantly, the techniques were not available. RNA
was even been proposed as a player, but its role has not been studied in the initiation of
variations and as a newly formed information [3]. The genetic risk associated with complex
inherited traits involves the cumulative effects of peripheral genes on mechanistic “core
genes”, suggesting the existence of a genetic network [8].

Alterations and changes in RNA levels are broad and could constitute specific initial
events in response to rapid environmental changes in adaptation processes, adjusting
transcription levels and rates.

2. Experimental Evidence

The study of information generated by regulatory ncRNAs in eukaryotes has opened
important perspectives for the evaluation of genome function. ncRNAs are variably ex-
pressed in different cell types in vivo and are particularly involved in multiple regulatory
networks that change depending on conditional variations [10,11].

In the case of highly efficient RNA-mediated non-Mendelian inheritance [4-6], with
variation in transcription levels, a variable memory record is required to vary the transcrip-
tion rate of the genome. This can only be rapidly ensured by RNA fragments, as occurs
after fertilization to modify and vary the cellular memory of daughter cells.

RNAs not only possess sequence homology with the genome, but have unlimited
possibilities for size variations, modification of the nuclear compartment, cytoplasmic
transitions, and, above all, hybridization with DNA (the genome), thus creating a cellular
memory [16,17]. A faithful version of genomic transcripts, with multiple possibilities
for rapid variation, can therefore only be ensured by RNA. Indeed, experimental results
have shown that various environmental factors have intergenerational effects [7], notably
through modifications of small non-coding RNAs present in spermatozoa [14]. Further-
more, microinjection of sperm RNA or synthetic RNA into fertilized mouse eggs varied
the phenotypes of mice born after manipulation and produced novel phenotypes [6,7].
Subsequently, altered DNA methylation profiles were detected in different tissues types in
the next generation [13].

Transcriptional variations are also observed in heterozygotes, induced by a given gene.
These changes can persist for some time and be transmitted to the next generation, even in
offspring carrying a wild-type genotype [3-6]. Environmental changes also affect organisms,
initiating transcriptional changes in the genome (from both alleles). Once introduced, they
alter the rate of multiples endogenous transcripts and control of transcription factors that
constitute the positive feedback loop in the native organism.

These transcriptional alterations directly contribute to the inheritance and gene ex-
pression profiles of future given cell types. At the same time, these alterations must/will
create novel genome-specific identities. RNA could hybridize to the genome, creating a
variable DNA /RNA hybrid structure. DNA-RNA hybrids are triple-stranded structures
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with displacement of single-stranded DNA (ssDNA). In cells, these hybrids form dur-
ing transcription and play an important role in structural regions of the genome such as
telomeres and centromeres. They render regions of the genome, such as the S regions of
immunoglobulin (Ig) genes, unstable, thereby increasing the frequency of recombination.
DNA-RNA hybrids are frequent and dynamic along the genome. In promoter regions, they
influence the transcription rate. In fact, RNA molecules hybridized to DNA could interfere
with the transcription rate or create a new one [16-19]. These new profiles are conserved
within a specific cell type. Genome tagging with RNA is the most reliable way to record
the transcriptional activity events induced in a given cell type.

Curiously, despite all these interesting findings, robust intergenerational biological
effects or RNA-mediated signals have been replicated in independent cohorts, but con-
fusion and misunderstandings persist. Moreover, as Kevin Struhl [20] pointed out, the
distinction between the multiple terms epigenetics, epigenomics, etc., is often confused and
misunderstood. In particular, RNA-mediated non-Mendelian inheritance in mammals is
not always analyzed between generations and in a stable and homogeneous genetic context.
But often, this information is ignored for various unrelated reasons. And yet, only mouse
models have been able to experiment with the initiating role of RNA. This manipulation
is fundamental to demonstrate RNA-mediated instructions. More precisely, it is often
argued that if non-Mendelian inheritance exists in mammals, why have many studies not
yet identified clear and reproducible changes linked to a specific health problem?

This remains a central argument against RNA-mediated non-Mendelian inheritance
in general. However, one important point raises a question: since Mendel, we have been
formatted by linear genetic factors. Indeed, the DNA sequence can confirm data with
precision and certainty in the presence of phenotypic changes. This is why we continually
seek such confidence in biology. This leads us to ask: does such a probability of finding the
same type of certainty as in genetics exist in RNA-mediated non-Mendelian inheritances?
If so, what? DNA contains information, but RNA could change the rate of transcription.
Indeed, the only eligible candidate is RNA, which contains sequence information dictated
by DNA, the genome, and can be sequenced and tested [19]. Moreover, it can form a
specific, powerful, and faithful network with all cellular contents: proteins, RNA, and
especially DNA. It remains to be discovered with what efficiency and/or precision the
variable transcriptional product constituting the RNA-mediated non-Mendelian memory
(RNA as initiator of transcriptional variation) is altered, modified and maintained in a
given genetic environment.

On the other hand, this does not mean that the same variations are systematically
found from one person to another, simply because the effects of the environment are
unlimited (The origin of species, C. Darwin 1959 [21]). In each case, the impact of the factors
can be different, as it depends largely on the genetics of the person and their environmental
conditions. Reliable information circulates, but with certainly unlimited possibilities since
RNA-mediated non-Mendelian inheritance is observed and deployed for transmission in
the form of RNA fragments with possibilities of subtle changes and interactions with DNA.
There are many examples of subtle variations visible to the naked eye in the living world,
such as variations in flowers or skin color. Indeed, observing nature with color variations
has always opened new perspectives for understanding molecular mechanisms.

3. Future Perspectives

RNAs forming hybrid structures with DNA can very well impose a memory on the
genome. They thus create DNA /RNA hybrid zones on the genomic sequence depending
on the concentration of candidate RNAs present at the time of division and subsequently
influence the transcription rate. Indeed, the transmission of trait expression variations
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from a heterozygote to its offspring, even with a wild genotype, is a perfect example of
continuous changes in gene expression levels [3-6]. Moreover, microinjection of miRNA
into fertilized eggs experimentally demonstrates the induction of its variation in various
tissues in mice [22].

It is important to continue to question current data, but also to appreciate models that
might provide valuable additional results in such an endeavor.

A preliminary approach to resolving the controversy and clarifying its relevance to all
traits is the continued creation of genetically homogeneous and stable models. For example,
different rodent models of stress, trauma, and feeding have been used to demonstrate
consistent behavioral and physiological adaptations in response to paternal life history,
ranging from early trauma to mild and severe chronic stress in adulthood, including
dietary restriction or exposure to toxic substances [23-31]. Indeed, through these stable
mammalian models, independent research groups have demonstrated the specific role of
RNA molecules in regulating mammalian development and their influence on physical
and behavioral health [25-29]. Moreover, short and long noncoding RNAs in sperm are
essential for the intergenerational transmission of altered phenotypes. Indeed, for the
intergenerational transmission of effects, certain offspring phenotypes are reproduced by
microinjection of non-coding RNA collected from sperm into fertilized oocytes [6]. These
results from research on mouse models demonstrate that RNA-mediated non-Mendelian
inheritance regulates the impact of paternal stress on offspring behavior and physiology [27].
This brings us closer to understanding its impact on human health [30], but also raises new
questions. If paternal health influences our behavioral traits and mental health, it is also
expected to influence other aspects of health [31].

Any variations affecting transcripts and inducing cis or trans regulatory changes
generating an effect could be favorable or unfavorable to the regulation of gene function.
Such changes could randomly result in a dominant trait. At the same time, transcripts
could be dose-sensitive if their concentration variation disrupts another trait. Therefore,
modified transcripts would exhibit more variation [11,12]. How these signals are formed
and stored to remain in the cellular state remains to be clarified by further research.

In humans, too, an imbalance is expected due to various effects, while maintaining
the dominant favorable effect resulting from better adaptation [29-32]. The transcriptional
activities of the alleles are consistent with data from several studies indicating increased
adaptation to regulatory changes. Previously reported effects of Rehostat (e.g., imprinted
loci) could help explain these mysterious properties as well as other dosage effects [33].
Success will depend on the RNAs produced, which are themselves affected by the genotype.

Not all genes are dose-sensitive [17,33]. The reason for this is unknown; there are only
speculations or a few examples regarding sequences (repeated motifs) or chromosomal
positions. The altered expression of transcripts disrupts stoichiometric balance, and inter-
acting factors compromise the characteristics of a given individual. If the same regulatory
change has an independent beneficial effect, overall phenotypic fitness may still exceed
that of the wild type in both directions. Moreover, different quantitative responses or
equilibrium thresholds are possible for different traits controlled by the same gene. Loss of
phenotype may occur even if considerable activity of the assay-sensitive protein persists
due to regulatory changes induced by variations in DNA-targeting RNA levels [34].

Nevertheless, decisive discoveries are expected on the information transmitted by
ncRNAs during their interactions with the genome and for the establishment of cellular
memories [33]. This involves not only understanding species specificity [35] and how they
vary according to the genome, but also elucidating their powers in a process of adaptation
towards more radical modes likely to influence the directions of molecular evolution [36].
The choice and development of less artifactual technologies are necessary to understand
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ncRNA and their fundamental contributions to biology. The study of DNA /RNA hybrids in
humans using robust and reproducible techniques is essential to pave the way for tracking
unlimited variations in expression of phenotypes.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Lindsay, S.J.; Rahbari, R.; Kaplanis, J.; Keane, T.; Hurles, M.E. Similarities and differences in patterns of germline mutation
between mice and humans. Nat. Commun. 2019, 10, 4053. [CrossRef] [PubMed]

2. Chong, S.; Whitelaw, E. Epigenetic germline inheritance. Curr. Opin. Genet. Dev. 2004, 14, 692—-696. [CrossRef] [PubMed]

3.  Rodriguez-Fraticelli, A.E. Tumbling bacteria and non-genetic individuality. Nat. Rev. Genet. 2024, 25, 826. Available online:
https:/ /www.nature.com/articles /s41576-024-00779-x (accessed on 11 February 2025). [CrossRef]

4. Capovilla, M.; Robichon, A.; Rassoulzadegan, M. A new paramutation-like example at the Delta gene of Drosophila. PLoS ONE
2017, 12, e0172780. [CrossRef]

5. Brink, R.A. Paramutation. Annu. Rev. Genet. 1973, 7, 129-152. [CrossRef]

6. Rassoulzadegan, M.; Grandjean, V.; Gounon, P.; Vincent, S.; Gillot, I.; Cuzin, F. RNA-mediated non-mendelian inheritance of an
epigenetic change in the mouse. Nature 2006, 441, 469-474. [CrossRef]

7. Ozkul, Y.; Taheri, S.; Bayram, K.K.; Sener, E.F.; Mehmetbeyoglu, E.; (“)ztop, D.B.; Aybuga, E; Tufan, E.; Bayram, A.; Dolu, N.; et al.
A heritable profile of six miRNAs in autistic patients and mouse models. Sci. Rep. 2020, 10, 9011. [CrossRef] [PubMed]

8.  Ross, L. From Mendel’s laws to non-Mendelian inheritance. Nat. Rev. Genet. 2024, 25, 677.

9.  Strome, S.; Bhalla, N.; Kamakaka, R.; Sharma, U.; Sullivan, W. Clarifying Mendelian vs non-Mendelian inheritance. Genetics 2024,
227, iyae078. [CrossRef]

10. Andergassen, D.; Rinn, ].L. From genotype to phenotype: Genetics of mammalian long non-coding RNAs in vivo. Nat. Rev. Genet.
2022, 23, 229-243. [CrossRef]

11. Mattick, J.S. RNA out of the mist. Trends Genet. 2023, 39, 187-207. [CrossRef] [PubMed]

12.  Palazzo, A.F.; Koonin, E.V. Functional Long Non-coding RNAs Evolve from Junk Transcripts. Cell 2020, 183, 1151-1161. [CrossRef]

13. Skinner, M.K,; Ben Maamar, M.; Sadler-Riggleman, I.; Beck, D.; Nilsson, E.; McBirney, M.; Klukovich, R.; Xie, Y.; Tang, C.; Yan,
W. Alterations in sperm DNA methylation, non-coding RNA and histone retention associate with DDT-induced epigenetic
transgenerational inheritance of disease. Epigenetics Chromatin 2018, 11, 8. [CrossRef] [PubMed]

14. Kiani, J.; Grandjean, V,; Liebers, R.; Tuorto, F.; Ghanbarian, H.; Lyko, F.; Cuzin, F; Rassoulzadegan, M. RNA-Mediated Epigenetic
Heredity Requires the Cytosine Methyltransferase Dnmt2. PLoS Genet. 2013, 9, €1003498. [CrossRef]

15. Frye, M.; Harada, B.T.; Behm, M.; He, C. RNA modifications modulate gene expression during development. Science 2018,
361, 1346-1349. [CrossRef]

16. Rassoulzadegan, M.; Sharifi-Zarchi, A.; Kianmehr, L. DNA-RNA Hybrid (R-Loop): From a Unified Picture of the Mammalian
Telomere to the Genome-Wide Profile. Cells 2021, 10, 1556. [CrossRef]

17. Cao, S.; Wang, L.; Han, T.; Ye, W.; Liu, Y.; Sun, Y.; Moose, S.P.; Song, Q.; Chen, Z.J. Small RNAs mediate transgenerational
inheritance of genome-wide trans-acting epialleles in maize Background. Genome Biol. 2021, 23, 1-25.

18. Sidorenko, L.V.; Chandler, V.L.; Wang, X.; Peterson, T. Transcribed enhancer sequences are required for maize p1 paramutation.
Genetics 2024, 226, iyad178. [CrossRef] [PubMed]

19. Luna, R.; Gémez-Gonzilez, B.; Aguilera, A. RNA biogenesis and RNA metabolism factors as R-loop suppressors: A hidden role
in genome integrity. Genes Dev. 2024, 38, 504-527. [CrossRef]

20. Struhl, K. The distinction between epigenetics and epigenomics. Trends Genet. 2024, 40, 995-997. [CrossRef]

21. Darwin, C. The Origin of Species: A Variorum Text; University of Pennsylvania Press: Philadelphia, PA, USA, 1959.

22.  Yilmaz Sukranli, Z.; Bayram, K.K,; Taheri, S.; Cuzin, F.; Ozkul, Y.; Rassoulzadegan, M. Experimentally altering microRNA levels
in embryos alters adult phenotypes. Sci. Rep. 2024, 14, 19014. [CrossRef] [PubMed]

23. Kleaveland, B.; Shi, C.Y,; Stefano, J.; Bartel, D.P. A Network of Noncoding Regulatory RNAs Acts in the Mammalian Brain. Cell

2018, 174, 350-362.e17. [CrossRef] [PubMed]


https://doi.org/10.1038/s41467-019-12023-w
https://www.ncbi.nlm.nih.gov/pubmed/31492841
https://doi.org/10.1016/j.gde.2004.09.001
https://www.ncbi.nlm.nih.gov/pubmed/15531166
https://www.nature.com/articles/s41576-024-00779-x
https://doi.org/10.1038/s41576-024-00779-x
https://doi.org/10.1371/journal.pone.0172780
https://doi.org/10.1146/annurev.ge.07.120173.001021
https://doi.org/10.1038/nature04674
https://doi.org/10.1038/s41598-020-65847-8
https://www.ncbi.nlm.nih.gov/pubmed/32514154
https://doi.org/10.1093/genetics/iyae078
https://doi.org/10.1038/s41576-021-00427-8
https://doi.org/10.1016/j.tig.2022.11.001
https://www.ncbi.nlm.nih.gov/pubmed/36528415
https://doi.org/10.1016/j.cell.2020.09.047
https://doi.org/10.1186/s13072-018-0178-0
https://www.ncbi.nlm.nih.gov/pubmed/29482626
https://doi.org/10.1371/journal.pgen.1003498
https://doi.org/10.1126/science.aau1646
https://doi.org/10.3390/cells10061556
https://doi.org/10.1093/genetics/iyad178
https://www.ncbi.nlm.nih.gov/pubmed/38169343
https://doi.org/10.1101/gad.351853.124
https://doi.org/10.1016/j.tig.2024.10.002
https://doi.org/10.1038/s41598-024-63692-7
https://www.ncbi.nlm.nih.gov/pubmed/39152124
https://doi.org/10.1016/j.cell.2018.05.022
https://www.ncbi.nlm.nih.gov/pubmed/29887379

Biomolecules 2025, 15, 605 70f7

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

36.

Zhang, Y.; Fan, M.; Zhang, X.; Huang, F.; Wu, K,; Zhang, J.; Liu, J.; Huang, Z.; Luo, H.; Tao, L.; et al. Cellular microRNAs
up-regulate transcription via interaction with promoter TATA-box motifs. RNA 2014, 20, 1878-1889. [CrossRef]

Chen, Q.; Yan, M.; Cao, Z; Li, X.; Zhang, Y.; Shi, ].; Feng, G.-H.; Peng, H.; Zhang, X.; Zhang, Y.; et al. Sperm tsRNAs contribute to
intergenerational inheritance of an acquired metabolic disorder. Science 2016, 351, 397—-400. [CrossRef] [PubMed]

Conine, C.C.; Rando, O.]. Soma-to-germline RNA communication. Nat. Rev. Genet. 2022, 23, 73-88. [CrossRef]

Gapp, K,; van Steenwyk, G.; Germain, P.L.; Matsushima, W.; Rudolph, K.L.M.; Manuella, F.; Roszkowski, M.; Vernaz, G.; Ghosh,
T.; Pelczar, P; et al. Alterations in sperm long RNA contribute to the epigenetic inheritance of the effects of postnatal trauma. Mol.
Psychiatry 2018, 25, 2162-2174. [CrossRef]

Grandjean, V.; Fourré, S.; De Abreu, D.AE; Derieppe, M.-A.; Remy, ].-].; Rassoulzadegan, M. RNA-mediated paternal heredity of
diet-induced obesity and metabolic disorders. Sci. Rep. 2015, 5, 18193. [CrossRef]

Satir-Basaran, G.; Akbarova, Y.; Korkmaz, K.; Unluhizarci, K.; Cuzin, F,; Kelestimur, F.; Rassoulzadegan, M. Mouse Paternal
RNAs Initiate a Pattern of Metabolic Disorders in a Line-Dependent Manner. Front. Genet. 2022, 13, 839841. [CrossRef]

Hinte, L.C.; Castellano-Castillo, D.; Ghosh, A.; Melrose, K.; Gasser, E.; Noé, F.; Massier, L.; Dong, H.; Sun, W.; Hoffmann, A; et al.
Adipose tissue retains an epigenetic memory of obesity after weight loss. Nature 2024, 636, 457-465. [CrossRef]

Nitt, D.; Kugelberg, U.; Casas, E.; Nedstrand, E.; Zalavary, S.; Henriksson, P.; Nijm, C.; Jaderquist, J.; Sandborg, J.; Flinke, E.; et al.
Human sperm displays rapid responses to diet. PLoS Biol. 2019, 17, €3000559. [CrossRef]

Pang, T.Y,; Short, A.K.; Bredy, T.W.; Hannan, A.]. Transgenerational paternal transmission of acquired traits: Stress-induced
modification of the sperm regulatory transcriptome and offspring phenotypes. Curr. Opin. Behav. Sci. 2017, 14, 140-147.
[CrossRef] [PubMed]

Rassoulzadegan, M.; Grandjean, V.; Gounon, P.; Cuzin, F. Sperm RNA, an “Epigenetic rheostat” of gene expression? Arch. Androl.
2007, 53, 235-238. [CrossRef] [PubMed]

Chandler, V.L.; Eggleston, W.B.; Dorweiler, ].E. Paramutation in maize. Plant Mol. Biol. 2000, 43, 121-145. [CrossRef] [PubMed]
Kawano, M.; Kawaji, H.; Grandjean, V.; Kiani, J.; Rassoulzadegan, M. Novel Small Noncoding RNAs in Mouse Spermatozoa,
Zygotes and Early Embryos. PLoS ONE 2012, 7, e44542. [CrossRef]

Liu, Y. Darwin’s Pangenesis: A Theory of Everything? Adv. Genet. 2018, 101, 1-30.

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.


https://doi.org/10.1261/rna.045633.114
https://doi.org/10.1126/science.aad7977
https://www.ncbi.nlm.nih.gov/pubmed/26721680
https://doi.org/10.1038/s41576-021-00412-1
https://doi.org/10.1038/s41380-018-0271-6
https://doi.org/10.1038/srep18193
https://doi.org/10.3389/fgene.2022.839841
https://doi.org/10.1038/s41586-024-08165-7
https://doi.org/10.1371/journal.pbio.3000559
https://doi.org/10.1016/j.cobeha.2017.02.007
https://www.ncbi.nlm.nih.gov/pubmed/29270445
https://doi.org/10.1080/01485010701569916
https://www.ncbi.nlm.nih.gov/pubmed/18309895
https://doi.org/10.1023/A:1006499808317
https://www.ncbi.nlm.nih.gov/pubmed/10999400
https://doi.org/10.1371/journal.pone.0044542

	Concept of RNA-Mediated Inheritance 
	Experimental Evidence 
	Future Perspectives 
	References

