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Abstract

Maternal effects have long been recognized as powerful non-genetic influences on offspring
development, yet the molecular mechanisms underpinning these effects remain only partially
understood. In parallel, epitranscriptomics, an emerging field centered on chemical modifications to
RNA, has revealed new layers of gene regulation with implications for cell fate, plasticity, and
response to environmental cues. In this perspective article, a conceptual link is proposed between
maternal effects and epitranscriptomic mechanisms, focusing on how maternal environments may
shape offspring phenotypes through RNA modifications. Evidence is examined from diverse
systems, including maternal deposition of modified RNAs, environmental modulation of RNA-
modifying enzymes, and early developmental windows sensitive to maternal inputs. Particular
attention is given to how such mechanisms might operate in utero or during early embryogenesis to
mediate lasting phenotypic outcomes. While direct experimental evidence remains limited, the
potential for maternal cues to influence the offspring epitranscriptome is highlighted as a promising
area for future research. To articulate this emerging connection, the concept of “maternal RNA
imprinting” is proposed, the idea that offspring development is shaped by maternal cues via targeted
RNA modifications. This article aims not only to synthesize emerging insights across fields but also
to stimulate interdisciplinary discussion and encourage investigation into the unexplored
intersections of maternal biology and RNA regulation.

Keywords: maternal effects; epitranscriptomics; RNA modifications; developmental programming;
non-genetic inheritance

1. Maternal Effects: Beyond Genetic Inheritance

Maternal effects have been increasingly recognized as important regulators of offspring
phenotype, operating independently of the inherited DNA sequence (Mousseau et al., 2009; Wolf and
Wade, 2009). Traditionally viewed through the lens of genetics, developmental outcomes were once
largely attributed to allelic combinations passed from parents to progeny (Mitchell, 2022; Wolf, 2000).
However, it has become evident that the maternal environment exerts a substantial influence on
offspring development through a variety of non-genetic mechanisms (Galloway, 2005; Potticary and
Duckworth, 2020; Rasanen and Kruuk, 2007; Wells, 2007)(Potticary and Duckworth, 2020). These
maternal effects encompass physiological, biochemical, and behavioral cues, transmitted during
oogenesis, gestation, or early postnatal life (Melnik et al., 2024; Mitchell, 2022; Ruebel and Latham,
2020).

In animal systems, maternal effects have been well-documented in contexts such as nutrition,
stress exposure, metabolic state, and immune status (Besson et al., 2016; Burguefio et al., 2020;
Edwards et al., 2021; Grueber et al., 2018; Kaiser and Sachser, 2005; Lecorguillé et al., 2021; Ma and
Cain, 2025; Pollak and Weber-Stadlbauer, 2020). These factors have been shown to influence offspring
traits ranging from growth rate and metabolism to neurodevelopment and immune function. In
many cases, such effects have persisted into adulthood and even across generations, suggesting
involvement of mechanisms capable of inducing stable, long-term changes in gene expression or
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cellular state (Bjorklund, 2006; Cummings et al., 2010; Ho, 2014; Melnik et al., 2024; Pollak and Weber-
Stadlbauer, 2020; Shama et al., 2016; Zhang et al., 2006). Importantly, these influences are often
mediated through the maternal provisioning of molecular substrates during early development,
including hormones, metabolites, proteins, and RNAs (Dworkin and Dworkin-Rastl, 1990; Groothuis
et al., 2019; Harry and Zakas, 2023; Macartney et al., 2022; Meylan et al., 2012; Moore et al., 2019).
Recent research has expanded the understanding of maternal effects to include the regulation of gene
expression programs during embryogenesis (Adrian-Kalchhauser et al., 2018; Almeida et al., 2019;
Chille et al., 2021; Harry and Zakas, 2023; Hu et al.,, 2024; Videvall et al., 2016). Notably, maternal
contributions have been implicated in modulating chromatin architecture and DNA methylation
landscapes in the developing embryo (Agrelius and Dudycha, 2025; Branco et al., 2016; Champagne
and Curley, 2009; Das et al., 2022; Meaney and Szyf, 2005). These epigenetic alterations offer a
mechanistic explanation for how transient environmental exposures in the mother can produce
sustained phenotypic outcomes in the offspring (Agrelius and Dudycha, 2025; Champagne, 2011;
Sharp et al, 2018, 2017). However, while considerable attention has been given to DNA-level
epigenetic marks, a growing body of evidence now points to RNA as another critical layer of
regulatory control.

Maternal RNAs, transcripts deposited into the oocyte during oogenesis, serve as essential
regulators of early embryonic development, particularly in organisms where zygotic genome
activation is delayed (Schier, 2007; Sha et al., 2019; Winata and Korzh, 2018; Yang et al., 2024). These
RNAs direct early cell divisions, patterning, and axis formation before the embryo begins transcribing
its own genome (Bettegowda and Smith, 2007; Farley and Ryder, 2008; Kojima et al., 2024). The
stability, translation, and function of these transcripts can be influenced by post-transcriptional
modifications, some of which are now understood to be dynamic and responsive to environmental
conditions (Despic and Neugebauer, 2018; Lorenzo-Orts and Pauli, 2024; Vejnar et al., 2019; Winata
and Korzh, 2018). As such, maternal effects may extend into the realm of post-transcriptional
regulation, potentially involving mechanisms such as RNA methylation or editing (Ding et al., 2022;
J. Liu et al., 2022; Wu et al., 2022; Zhu et al., 2023). These findings raise the possibility that maternal
effects may be exerted, in part, through modulation of the embryonic epitranscriptome (Frapin et al.,
2020; Wang et al., 2022; Suqi Wu et al., 2023). Though this concept remains underexplored, it
introduces a compelling hypothesis: that maternal effects and epitranscriptomic regulation may
intersect to form a unified system of non-genetic developmental programming. By considering
maternal effects as more than mere nutrient or hormonal signals, and by integrating recent
discoveries from RNA biology, this article sets the stage for examining how RNA modifications may
act as a mechanistic bridge linking maternal cues to offspring phenotype. This emerging perspective
opens new avenues for research and invites a reevaluation of how maternal environments shape
development at the molecular level.

2. Epitranscriptomics: Adding Regulatory Dimension to RNA Biology

Epitranscriptomics, the study of post-transcriptional chemical modifications on RNA molecules,
has added an important new layer of regulatory complexity to gene expression. Unlike canonical
epigenetics, which primarily targets DNA and histone proteins, epitranscriptomic modifications act
directly on RNA, influencing its splicing, stability, localization, translation, and degradation
(Arzumanian et al., 2022; Moshitch-Moshkovitz et al., 2022; Motorin and Helm, 2022; Zhao et al.,
2016). More than 170 types of RNA modifications have been identified to date, with N6-
methyladenosine (m6A) emerging as the most prevalent and well-characterized mark on messenger
RNA (mRNA) in eukaryotes (Meyer, 2019; Meyer and Jaffrey, 2014). These modifications are
catalyzed by specific enzymes, classified as “writers” (e.g.,, METTL3, METTL14), “erasers” (e.g., FTO,
ALKBHS), and “readers” (e.g.,, YTH domain proteins), that together orchestrate the dynamic and
reversible regulation of RNA fate (Wiener and Schwartz, 2020).

Epitranscriptomic control is now known to be tightly integrated with developmental processes.
For example, m6A modifications have been shown to guide cell fate transitions during early
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embryogenesis, neural differentiation, and skeletogenesis (Ahi, 2025; Che et al., 2022; Haran and
Lenka, 2019; Livneh et al., 2020; Yao et al., 2024; M. Zhang et al., 2020). By selectively destabilizing
certain transcripts while stabilizing others, RNA modifications serve as molecular timers that fine-
tune gene expression in a context- and stage-specific manner. These regulatory features are especially
relevant in systems undergoing rapid and tightly coordinated transcriptional changes, such as the
early embryo. Importantly, the deposition and removal of RNA modifications are influenced by
cellular and environmental signals. Stress conditions, nutrient availability, hypoxia, and
inflammatory cues have all been shown to alter the activity or expression of RNA-modifying enzymes
(Ahi and Singh, 2024; Cayir et al., 2020). This raises the possibility that external factors, such as those
originating from the maternal environment, could influence the transcriptomic output of developing
tissues through epitranscriptomic means (Frapin et al., 2020; Wang et al., 2022; Suqi Wu et al., 2023).
In this way, epitranscriptomics not only contributes to intrinsic gene regulatory logic but also offers
a potential interface between environmental exposure and cellular response. Although the field is
still in its early stages, advances in techniques such as MeRIP-seq, miCLIP, single-cell m6A profiling,
direct RNA nanopore sequencing and live-cell RNA biosensors can accelerate the identification of
functional RNA modifications across developmental contexts (Ahi and Khorshid, 2025; Saglam and
Akgiil, 2024; Zhong et al., 2023). Future applications of these tools in maternal-fetal models may
reveal novel regulatory pathways whereby maternal signals modulate the fetal transcriptome via
direct chemical modification of RNA (P. Li et al., 2025; H. Liu et al., 2022). In this framework,
epitranscriptomics emerges not just as a standalone regulatory system but as a candidate mediator
of environmentally responsive, non-genetic inheritance.

3. Early Developmental Windows and Maternal Regulation of the Fetal
Epitranscriptome

Early embryonic development is marked by a series of tightly regulated transitions, during
which the embryo is highly sensitive to environmental cues, including those derived from the
maternal organism (Fawcett and Frankenhuis, 2015; Wells, 2019). These windows of developmental
plasticity offer unique opportunities for maternal signals to influence gene expression and cell fate
decisions (Bedzhov et al., 2014). It is being proposed that such influence may extend to the
epitranscriptomic layer, wherein RNA modifications could mediate adaptive responses to maternal
inputs during critical periods of embryogenesis (Frapin et al., 2020; H. Liu et al., 2022; Quarto et al.,
2025; Yao et al., 2024).

Several lines of evidence support the idea that maternal environments can shape the molecular
landscape of the early embryo in a lasting manner (need a broad reference here). Maternal diet,
metabolic state, microbiome and exposure to environmental stressors and chemicals have been
shown to affect not only embryonic development but also the expression of genes involved in RNA
metabolism and modification (Du et al., 2024; Dvoran et al., 2022; Frapin et al., 2020; Kunovac et al.,
2023,2021;]. Li et al., 2023; X. Li et al., 2025; Shen et al., 2022; Song et al., 2023; Xiao et al., 2022; Xiong
et al,, 2024; S. Zhang et al., 2020; Zheng et al., 2024). For instance, maternal protein restriction in rat
has been associated with altered m6A methylation in the developing fetal hypothalamus, coinciding
with changes in metabolic gene expression (Frapin et al., 2020). On the other hand, maternal obesity
has been shown to dramatically affect m6A mRNA profile in placenta with adverse effects on fetal
growth (Shen et al., 2022). Another study in human showed that maternal stress and psychological
disturbances can lead to substantial changes in fetal m6 A RNA modification patterns in association
with developmental growth (J. Li et al., 2023). These findings suggest that maternal nutritional status
may modulate the fetal epitranscriptome, potentially leading to persistent physiological
consequences.

Timing appears to be a key factor in this interaction. During pre-implantation development, the
zygote undergoes maternal-to-zygotic transition (MZT), during which maternal RNAs are degraded
and zygotic transcription begins (Bai et al., 2019). It is during this phase that maternal signals,
including metabolites and hormones, could influence the expression or activity of RNA-modifying
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enzymes in the zygote or early embryo (Despic and Neugebauer, 2018; Jiang and Fan, 2022; Sui et al.,
2020; Winata et al., 2018; Xiang et al., 2025; Zhu et al., 2023). In later stages, such as gastrulation and
organogenesis (Xiao et al., 2023; Yang et al., 2019; Yao et al., 2024), tissue-specific RNA modification
patterns may also be shaped by maternal conditions, especially in metabolically active organs like
the brain, liver, and adipose (Fang et al., 2023; Frasch et al., 2017; Heng et al., 2019; Li et al., 2016;
Wang et al., 2023; Shengyu Wu et al., 2023; Xiao et al., 2019). Furthermore, the placenta itself
represents a dynamic interface between maternal and fetal environments (O’Brien and Wang, 2023).
Epitranscriptomic regulation in placental tissues has been increasingly recognized, with studies
identifying m6A-dependent pathways that affect nutrient transport, vascular development, and
immune modulation (Bian et al., 2022; Kumar et al., 2024; H. Liu et al., 2022; Qiu et al., 2021; Taniguchi
et al., 2020; Wang et al., 2020; Shengyu Wu et al., 2023; Zhou et al., 2022) Given the placenta’s role in
interpreting and relaying maternal cues, it is plausible that epitranscriptomic changes in placental
RNA may also reflect or mediate maternal effects. Collectively, these findings support a model in
which maternal influences on the fetal epitranscriptome are not only possible but likely occur during
defined developmental windows when cells are transcriptionally and metabolically primed for such
modulation. Investigating these windows further could yield insights into how early environmental
exposures are translated into molecular phenotypes, with consequences for long-term health and
development.

4. Potential Mediators: Maternal RNAs and RNA-Modifying Enzymes

A central question in linking maternal effects to epitranscriptomic regulation is identifying the
molecular mediators responsible for transmitting information from the mother to the embryonic
RNA landscape. Two highly plausible routes have been proposed: maternal RNAs deposited during
oogenesis and the regulation of RNA-modifying enzymes in the embryo or placenta. Maternal RNAs
are known to play an indispensable role in early development (Schier, 2007; Winata and Korzh, 2018;
Yang et al., 2024), particularly in species where transcription from the zygotic genome is delayed (Lee
et al., 2014). These transcripts, deposited in the oocyte during its maturation, are responsible for
directing key developmental events until zygotic genome activation occurs. Recent studies have
suggested that these maternal RNAs are not merely inert templates but may carry post-
transcriptional modifications such as m6A, which influence their translation efficiency, subcellular
localization, and degradation kinetics (Wu et al., 2022; Zhang et al., 2022; Zhao et al., 2017; Zhu et al.,
2023). Thus, the maternal RNA pool may encode regulatory information both in sequence and in
epitranscriptomic form.

In parallel, maternal influences on the enzymatic machinery responsible for RNA modifications
have also been noted. For example, the expression of METTL3, a major m6A writer enzyme, has been
shown to be responsive to maternal metabolic and hormonal conditions in certain models (Sui et al.,
2020; Xia et al., 2018; Zhang et al., 2022; Zheng et al., 2024, 2023). Similarly, maternal stress has been
linked to altered expression of FTO, an m6A demethylase, in fetal tissues (P. Li et al., 2025; Sun et al.,
2023). These enzymes may be maternally regulated either through direct maternal, fetal signaling or
indirectly via placental pathways. The possibility that maternal hormones, cytokines, or metabolites
affect the abundance or activity of these RNA-modifying enzymes presents a promising avenue for
mechanistic studies (see Figure 2 for different potential scenarios). Moreover, recent work has shown
that extracellular vesicles (EVs) released from maternal tissues can carry RNAs and RNA-binding
proteins into fetal circulation (Aguilera et al., 2024; Fabbiano et al., 2020; Segura-Benitez et al., 2025).
Some of these RN As have been found to be chemically modified, raising the hypothesis that maternal
EVs could serve as delivery vehicles for epitranscriptomically active cargo. Though largely
speculative at present, this mechanism would provide a direct route for maternal epitranscriptomic
signals to reach developing fetal tissues. Taken together, these mechanisms underscore the
plausibility that maternal effects could influence offspring development via modulation of RNA
modifications, either through the deposition of modified RNAs or the regulation of RNA-modifying
enzymes. As tools for detecting and manipulating RNA modifications become more precise, these
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hypotheses are increasingly testable and could reveal a new class of maternally derived regulatory
cues in development.
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in early developmental stages.

5. Evidence for Maternal-Epitranscriptomic Crosstalk: What Do We Know So
Far?

While the direct regulatory connections between maternal effects and epitranscriptomics are still
emerging, several independent lines of research support the plausibility of their interaction. Early
clues come from models in which maternal conditions alter RNA methylation landscapes in
embryonic and fetal tissues. In one notable example, the maternal microbiome was shown to affect
m6A patterns in the developing brain and intestine of mouse fetuses, suggesting that maternal-
derived microbial metabolites may modulate RNA methylation through metabolic or signaling
pathways (Xiao et al., 2022). This finding provided one of the first functional demonstrations of
maternal influence on the fetal epitranscriptome. Further supporting evidence arises from maternal
nutritional studies (Frapin et al., 2020; Kaspi et al., 2018; Melnik et al., 2024; Xiao et al., 2022; Yan et
al., 2025). For instance, maternal methionine supplementation, known to affect methyl group
availability, has been associated with shifts in fetal brain m6A levels; this implies that methyl donors
in the maternal diet could influence the activity of methyltransferase complexes (Yan et al., 2025).
Similarly, maternal exposure to high-fat or low-protein diets has been linked to altered expression of
mo6A writers and erasers in both placental and fetal tissues, with downstream consequences for
metabolic gene expression and differentiation outcomes (Frapin et al., 2020; Izquierdo et al., 2021;
Kaspi et al., 2018; Melnik et al., 2024; Xiao et al., 2022).

Stress and inflammation in the maternal organism have also been associated with
epitranscriptomic changes in offspring (Du et al., 2022; H. Liu et al., 2022; Ma et al., 2025; Wang et al.,
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2022; Yu et al,, 2024; S. Zhang et al., 2020). Inflammatory cytokines, glucocorticoids, and oxidative
stress, factors commonly elevated during gestational stress, can influence the abundance of RNA-
modifying enzymes and alter the translation of key regulatory transcripts (Chen et al., 2024;
Schroeder et al.,, 2024). These stress-responsive changes have been observed in brain, liver, and
hematopoietic systems during fetal development (Schroeder et al., 2024; S. Zhang et al., 2020); they
point toward an environmentally sensitive epitranscriptomic layer that may reflect maternal
physiological states. Although most of these studies are correlational, they set the stage for more
mechanistic investigations. A major limitation so far has been the difficulty in temporally and
spatially resolving RNA modifications in early development. However, innovations in RNA
immunoprecipitation and sequencing, combined with targeted gene editing tools, are beginning to
overcome these barriers (Binan et al., 2025; Ren et al., 2023). Single-cell m6A mapping, for example,
has allowed researchers to track RNA methylation states across cell types and developmental stages
(Y. Li et al., 2023; Ren et al., 2025); while still technically challenging, it holds promise for tracing
maternal signal-dependent changes in RNA modification patterns. The accumulating evidence
underscores a growing consensus that maternal conditions do influence the epitranscriptomic state
of offspring; however, the mechanistic links remain to be fully clarified. The current data justify
targeted experiments to determine whether these RNA modifications are merely correlative
signatures of maternal states or functionally involved in transmitting phenotypic effects across
developmental time.

6. Evolutionary and Ecological Implications of Maternal Epitranscriptomic
Influence

If maternal regulation of offspring epitranscriptomics proves to be a functional mechanism, it
could represent a powerful form of developmental plasticity (Livneh et al., 2020; Park et al., 2020),
enabling rapid phenotypic tuning in response to environmental variability without requiring genetic
change (Ahi and Singh, 2024; Cayir et al., 2020; Wei et al., 2025). From an evolutionary standpoint,
such a system would provide a mechanism for the transgenerational transmission of adaptive traits
in response to maternal environmental cues (Legoff et al., 2019; Xiang et al., 2025), particularly under
conditions where environmental conditions fluctuate more rapidly than genetic adaptation can occur
(Ahi and Singh, 2024). In ecological systems, maternal effects have often been interpreted as
anticipatory mechanisms, preparing offspring for expected environmental conditions based on
maternal experience (Galloway, 2005; Potticary and Duckworth, 2020). Epitranscriptomic
modifications, being reversible yet stable across short developmental windows, may offer an ideal
molecular substrate for such transient, tunable responses (Park et al., 2020; Yoon et al., 2018). By
modulating RNA stability and translation in specific tissues, maternal environments might prime
offspring physiology or behavior in context-specific ways; for example, enhancing stress resilience,
altering metabolic capacity, or modifying developmental timing (Kisliouk et al., 2020; H. Liu et al.,
2022; Wagner and Schosserer, 2022; Yang et al., 2025). This potential utility is further amplified in
species with external development, where maternal investment through the oocyte becomes the
primary avenue for environmental signaling. In these systems, maternal provisioning of modified
RNAs or regulators of RNA modification may serve as early warning systems, tuning gene
expression programs in advance of environmental exposure.

Despite these possibilities, the evolutionary dynamics of RNA modification systems remain
poorly understood. Few studies have assessed the heritability, variability, or fitness consequences of
altered RNA modification profiles across generations (Bresnahan et al., 2023; Xiong et al., 2024; Zheng
et al.,, 2024). If maternal epitranscriptomic regulation is indeed a widespread mechanism, it may
challenge conventional models of non-genetic inheritance by providing a rapid, semi-stable, and
reversible method for transferring information from mother to offspring. Furthermore, different
species may rely on distinct epitranscriptomic strategies based on their reproductive biology,
embryonic timing, or environmental unpredictability. Comparative studies across taxa, especially
those with contrasting maternal provisioning modes (Navarro-Martin et al., 2020), will be essential
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for understanding how and why such mechanisms may have evolved. These questions open up not
only new empirical challenges but also opportunities to refine theoretical models of inheritance,
adaptation, and plasticity.

7. Experimental Challenges and Emerging Tools to Uncover Mechanistic Links

Investigating the potential mechanistic connections between maternal effects and
epitranscriptomic regulation presents significant experimental hurdles, primarily due to the dynamic
and context-specific nature of both systems. First, RNA modifications are often transient and highly
cell-type-specific; detecting these marks in early embryos, which are composed of rapidly dividing
and differentiating cells, requires both spatial and temporal resolution that few current methods fully
provide. Another challenge lies in distinguishing whether observed RNA modifications are a direct
consequence of maternal signals or arise as secondary responses during embryonic development.
This distinction necessitates experimental systems that allow precise manipulation of maternal
environments while tracking downstream molecular consequences in fetal tissues at defined stages.

To address these challenges, a growing set of molecular tools has been applied. Antibody-based
techniques such as MeRIP-seq and miCLIP have enabled transcriptome-wide mapping of RNA
modifications, particularly m6A (Saglam and Akgiil, 2024). These methods, though powerful, are
limited by antibody specificity and often require high input material, making them less suitable for
early developmental samples. More recently, the development of single-cell epitranscriptomic
methods has begun to fill this gap, allowing for resolution of RNA modifications at the level of
individual cells or lineages (Crespo-Garcia et al., 2024). In addition, the advent of direct RNA
nanopore sequencing has enabled transcriptome-wide profiling of m6A modifications without the
need for chemical conversion or enrichment, offering a powerful advantage for studying RNA
methylation at the zygotic or fetal stage with single-molecule precision (Zhong et al., 2023). In
parallel, CRISPR-based tools have been adapted to target RNA methylation enzymes to specific
transcripts; although still in early development, these systems allow direct testing of the functional
role of epitranscriptomic marks in gene regulation and development (Breunig et al., 2021; Fang et al.,
2020). Of particular relevance to maternal-fetal studies is the application of TRIM-away, a
proteolysis-based technique that enables acute depletion of specific endogenous proteins, including
RNA-modifying enzymes (Clift et al.,, 2018). TRIM-away has proven effective in depleting RNA
methyltransferases or demethylases in early embryos without genetic manipulation, offering a rapid
and reversible method for testing the requirement of these enzymes during sensitive developmental
windows (Chen et al., 2019; Clift et al., 2018; Weir et al., 2021). This tool may be especially valuable
for dissecting the temporal dynamics of maternal influences on the fetal epitranscriptome. Despite
these advancements, technical and interpretive challenges remain. Cross-reactivity of antibodies, the
functional redundancy of RNA modification enzymes, and the incomplete understanding of
modification “readers” complicate the attribution of phenotypic effects to specific molecular events.
Nevertheless, with the continuing refinement of tools and model systems, the field is well-positioned
to explore how maternal cues may operate through RNA modifications to shape developmental
trajectories.

8. Concluding Thoughts: Conceptual Bridges and Open Questions

The possibility that maternal effects and epitranscriptomic regulation intersect to shape
offspring development presents a compelling framework for rethinking non-genetic inheritance.
While both domains have been extensively studied in isolation, their potential integration opens a
new dimension in developmental biology, one where environmental cues from the maternal
organism could be translated into post-transcriptional regulatory changes in the offspring, with
implications for phenotype, health, and even evolutionary fitness. This perspective article has
outlined several lines of evidence that support such a connection; however, it must be emphasized
that definitive mechanistic links remain largely speculative at present. Observations that maternal
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nutritional, microbial, or stress-related environments alter RNA modification patterns in fetal tissues
are intriguing, yet causality has not been consistently demonstrated. Whether these RNA
modifications are central mediators or merely responsive markers remains unresolved in many
contexts.

Key questions remain to be addressed. For instance, how specific and selective are maternal
influences on RNA modification machinery? Are these changes preserved through cell divisions, and
can they be transmitted beyond one generation? Which transcripts are most susceptible to maternal
modulation, and how do these modifications intersect with other regulatory layers such as
microRNAs, alternative splicing, or chromatin state? Furthermore, to what extent do these
interactions vary across tissues, developmental windows, or species?

Addressing these questions will require multidisciplinary collaboration; developmental
biologists, molecular geneticists, and RNA biochemists must work in concert with systems biologists
and evolutionary theorists to establish a common language and set of priorities. The development of
temporally controlled, tissue-specific tools, such as TRIM-away, inducible CRISPR interference
systems, and advanced imaging of modified RNAs in vivo, will be essential to disentangle maternal
inputs from autonomous embryonic processes. Moreover, more comparative studies across model
organisms and ecological systems are needed to test the generality and adaptability of this regulatory
axis.

The purpose of this article has not been to assert a definitive model but rather to highlight an
underexplored conceptual space that may prove fruitful for future research. By framing maternal
effects and epitranscriptomics as potentially interconnected systems, the goal is to stimulate
discussion, generate testable hypotheses, and encourage researchers in both fields to consider
overlapping mechanisms. Whether or not maternal regulation of the offspring epitranscriptome
proves to be widespread or only context-specific, the exploration of this intersection promises to
deepen our understanding of how environment, regulation, and inheritance are woven together in
shaping organismal development. In conclusion, the maternal-epitranscriptomic axis, while still in
its theoretical infancy, offers a promising conceptual bridge in developmental biology —one that may
ultimately transform how we understand phenotypic plasticity, intergenerational signaling, and the
molecular logic of early life.

Box 1 | Key concepts referenced in this article

Maternal effects: Non-genetic influences from the mother that shape offspring phenotype.

Epitranscriptomics: Study of chemical modifications on RNA that regulate its function post-

transcription.

m6A (N6-methyladenosine): The most abundant mRNA modification; affects RNA stability,

splicing, and translation.

RNA-modifying enzymes: Proteins that install (writers), remove (erasers), or recognize (readers)

RNA modifications.
Maternal RNAs: Transcripts deposited into the oocyte, guiding early embryonic development.

Maternal-to-zygotic transition (MZT): Developmental phase where embryonic control shifts from

maternal RNAs to the zygotic genome.

Placental interface: The maternal—fetal exchange site; transmits nutrients, signals, and possibly

RNA regulators.
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Developmental plasticity: The capacity of an organism to alter its developmental trajectory in

response to environmental cues.

Non-genetic inheritance: Transmission of traits across generations independent of DNA sequence

changes.

Single-cell epitranscriptomics: Techniques that profile RNA modifications at the single-cell level

for spatial and temporal precision.

TRIM-away: A proteolysis method used to rapidly degrade endogenous proteins, including RNA-

modifying enzymes.

Phenotypic programming: The process by which environmental factors during development

shape long-term traits.
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