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Introduction

Just over twenty years ago, molecular biologists Leonie Ringrose and Renato Paro published the provocative article, "Remembering Silence". [START_REF] Ringrose | Remembering silence[END_REF] The text reviewed research on epigenetic elements that were modified through a variety of means and how they could, subsequently, return to their silent state, defined as their status before their modulation by experimental or environmental factors. Ringrose and Paro's article described research on fruit flies and factors affecting embryological growth. Yet it raised a question of considerable importance to parallel and rapidly expanding research in mammalian neuroepigenetics concerning the reversal of molecular impacts of the environment on an organism's biological profile. In the case of research on neuroepigenetic processes as mediators between trauma and the risk of psychopathology, this question would be translated as follows: If you experience a traumatic event and, as a result, acquire an epigenetic trait considered to place you at higher risk, can you free yourself of that trait?

Neuroepigenetics studies of trauma and its effects, which emerged in the early 2000s, need to be understood within the context of a century of research on the post-traumatic state described by the psychologist Pierre Janet in the epigraph. In addition to efforts to understand the relationship between (usually early) trauma, molecular traits, and neuropsychiatric risk, these studies also explored whether it might be possible for people to "remember silence". Efforts to remember silence by necessity include considerations of the relationship between subjective states, past events, and memories of those events. Since past events cannot change, it is the memory of these experiences that are the target of a panoply of clinical evaluations and interventions (whether pharmaco-or psychotherapy).

Neuroepigenetics researchers now hope that a greater understanding of molecular memoriesepigenetic states thought to be acquired by the experience of traumatic events, -and their relationship to subsequent risk of psychopathology might guide the development of targeted interventions to silence them. While earlier and emerging models tend to presume the durability of epigenetic states acquired in youth, Ringrose and Paro's text provocatively fuels the hypothesis of epigenetic reversibility. In this article, we bring together the perspectives of medical anthropology and molecular biology to consider how contemporary neuroepigenetics research articulates embodied memories and subjective states of silence. Our discussion of the former builds on polysemic and historical conceptualizations of memory while the latter examines how reversibility is entangled with metaphors of silence as a return to subjective, untroubled, or unaffected states. Ultimately, we are interested in how a return to silence is envisioned in neuroepigenetics research, how interventions purported to bring about that silence might function, and what this might mean for people living in the aftermath of trauma. We begin by considering the tensions between narratives of reversibility and persistence of traits in epigenetics research and what is currently known and unknown about these processes.

Persistence and reversibility in epigenetics research

In 2001, Ringrose and Paro outlined emerging research which indicated that, in the fruit fly Drosophila, regulatory elements that are experimentally switched to their active state can "'remember' and restore their previous [silent] state". [3(p. 566)] "Regulatory elements" are defined as regions within genes where, under epigenetic modulation, proteins regulate gene activity with functional implications. The authors noted that silenced states could be remembered even after several cell generations of elements being active. While they could only hypothesize as to how or why regulatory factors would return to silence, the research called into question the presumed unidirectionality of epigenetic plasticity during development (the notion that each cell follows a specific and irreversible developmental path). The article dates from the early days of epigenetics studies of development and focuses on a simple model organism, yet it raises questions that persist in human neuroepigenetics research: How do regulatory factors, under the influence of early-life experiences, modulate gene activity and contribute to health and disease? And, are molecular traces of those experiences reversible?

The research discussed by Ringrose and Paro yielded findings on the varying effects of single epigenetic alterations depending on the type and timing of the modification. Each of the studies addressed complex nuances concerning the stability and reversibility of epigenetic states as well as their developmental effects. For instance, the findings suggested that even if an epigenetic state is modified for only a limited time, it will nonetheless affect downstream biological processes during that period. These processes may have longer term consequences than the bout of epigenetic plasticity itself, possibly at different temporal (e.g., in the adult organism) and spatial scales (e.g., at higher levels of the brain organization such as cellular or network levels). Ringrose and Paro furthermore observed that: 1) while certain experimental data suggested the impossibility of a restoration of silence after a significant period of activation, other results pointed to the possibility of silencing even after cell division [START_REF] Ringrose | Remembering silence[END_REF] and 2) genes implicated in molecular memories may switch status surprisingly late in development, or may switch dynamically and have regulatory patterns that are far more complex than a single transition between on and off states. [START_REF] Ringrose | Remembering silence[END_REF] Thus, there was a trend toward stable effects of epigenetic modifications on development, but with significant variability.

Research on epigenetic reversibility has now moved beyond fruit flies and spans multiple vitro approaches as well as studies of model organisms and humans. Key areas of work include the reprogramming of cellular identity using induced pluripotent stem cells (iPSC). Historically, research on iPSC was a landmark. It demonstrated that acquisition of a cellular phenotype (called differentiation, e.g., during embryological development) was not unidirectional, as long thought. In contemporary biology, iPSCs represent an experimental model of a vast reversal of epigenetic traits. In this approach, differentiated cells -such as a fully developed skin cell -can be reprogrammed back to a more immature, pluripotent state, thereby reacquiring the potential to engage in other developmental paths and cellular identities. Part of the enthusiasm for this research was because of the opportunities it might hold for interventions, given that reprogramming to the undifferentiated state does not implicate any manipulation of the genome. Instead, it relies on triggering epigenetic plasticity at regulatory elements that control identity. In other words, interventions targeting the epigenome [START_REF] Guan | Chemical reprogramming of human somatic cells to pluripotent stem cells[END_REF] potentially rewrite cell fates by erasing or reversing memories of their pasts to produce cells identical to "true" stem cells, which would amount to a fully reversible process. However, it is now clear that iPSCs retain, in some parts of their genomes, epigenetic traces of their previous differentiated state, [START_REF] Lister | Hotspots of aberrant epigenomic reprogramming in human induced pluripotent stem cells[END_REF] suggesting a resistance to reprogramming and only partial reversal. Nevertheless, the molecular plasticity underlying identity over the cell lifespan, then, argues against a binary model (e.g., with a unidirectional transition from immature to mature). Instead, it supports a more gradual, undetermined balance between persistence and reversibility, notably across distinct genomic regions.

In studies at the scale of the human lifespan, these nuanced considerations of the complex dynamics of epigenetic states are less present. Instead, researchers have proposed models of durable epigenetic effects that result from traumatic events, which are epidemiologically associated with a variety of pathologies, from cardiovascular to anxiety and depressive disorders, addiction, and more. [START_REF] Nemeroff | Paradise lost: The neurobiological and clinical consequences of child abuse and neglect[END_REF] In the case of neuropsychiatric risk, epigenetic states are thought to trigger brain adaptations that contribute to psychological risk factors, such as impulsivity, interpersonal difficulties, or emotional lability. A consideration of dynamic shifts of epigenetic states, including reversibility -like work on Drosophila or iPSCs -is only incipient in this research. Instead, molecular memories are still construed as relatively binary, with limited understandings of the contexts, comprehensiveness, and subjective experience associated with their pathological or silenced states. Overall, models of durability overshadow dynamic models.

What's a memory?

In this article, we examine understandings of the durability and effects of memories on people's present lives. We frame our argument in terms of memories and what are considered to be their molecular correlates. We are most specifically interested in research on traumatic memories and how their effects are theorized. Iconic, traumatic memories were integrated into contemporary psychiatric nosology in 1980 as the hallmark feature of the diagnostic category post-traumatic stress disorder (PTSD). [START_REF] Young | Suffering and the origins of traumatic memory[END_REF] These types of memories are the element of the disorder that distinguishes it from conditions such as generalized anxiety disorder or depression and that permit specific interpretations of symptoms: with memories of trauma situated as key etiological features of PTSD, anxietyassociated phobias came to be understood as avoidance behaviors and depression-associated intrusive ruminations were seen as re-experiences. In the original description of PTSD, traumatic memories were also the aspect of the disorder that situated (usually) veterans' experiences during their active duty, making PTSD a service-connected condition. [8(p. 152)] (see text box 1)

Text box 1 on the history of the concept of traumatic memories:

Traumatic memories are considered iconic and indelible, contrary to malleable, and often forgotten, 'regular' episodic memories. Traumatic memories were first described in the last decades of the 19th and early decades of the 20th century in the work of neurologist Jean-Martin Charcot and psychologist Pierre Janet, among others. [8(p. 145)] People's post-traumatic symptoms were thought to result from their efforts to "metabolize their pathogenic memories through alternating phases of engagement (during which they work at assimilating and accommodating these memories) and withdrawal (adaptive responses to [mental] pain generated during the engagement phase)." [9(p. 53)] Though the description and application of the diagnostic category PTSD has shifted over the past 40 years, this understanding of traumatic memories has remained a core feature.

Current understandings of PTSD integrate decades of clinical, epidemiological, and neuroscientific research on trauma and its effects. As a result, PTSD is now considered the result of a predisposition, e.g., in the form of vulnerability following the experience of early adversity, and a trigger later in life. The early adversity is viewed through the long-established lens that attributes an exceptional power to traumatic memories. These memories are considered exceptional in their content and, now, in their biological effects: able to durably enact changes at epigenetic and other levels, with long-term consequences on people's personalities and life trajectories. [START_REF] Lloyd | Time, trauma, and the brain: How suicide came to have no significant precipitating event[END_REF][START_REF] Lloyd | Homeorhesis: Envisaging the logic of life trajectories in molecular research on trauma and its effects[END_REF] If earlier diagnoses of PTSD resulted in new understandings of classic psychiatric symptoms, more recent diagnoses of PTSD reframe emotions, thoughts, and behaviors as affective responses to triggers. The essential change that accompanied this new understanding is that the nature of people's experiences later in life is not the source of their responses; rather, the source is the vulnerability established by early life experiences and their embodied, molecular effects. Through this envisioning of the processes involved in PTSD, the significance of later life experiences fades into the etiological shadows while iconic, indelible memories -now studied at a molecular level -are considered the source of problems later in life. [START_REF] Lloyd | Time, trauma, and the brain: How suicide came to have no significant precipitating event[END_REF] More recently, neuroepigenetics research suggests memories of traumatic experiences may increase risk of psychopathology through acquired molecular traits. The use of the term "memory" in neuroscience research is polysemic, referring to processes at different scales. In particular, it is often evoked in ways that are consistent with its common sense description, which roughly overlaps with the concept of episodic memory. Episodic memory, formally, refers to the ability to encode one's life events, and includes a range of cognitive functions that rely on interacting brain structures (of note, other types of short-or long-term memory are not considered further in the present article, as they have been comparatively less studied in relation to epigenetic mechanisms). Traumatic memories are studied as an exceptional type of episodic memory, in that largely the same processes are considered to play a role, but with broader, more durable, and negative consequences. The term molecular memory, by contrast, refers to molecular mechanisms correlated with any event leading to lasting cellular changes, whatever their implication in episodic memory, or any other brain property.

We are interested in how epigenetic states are thought to correlate with the experience of past adversity (regardless of whether they may affect episodic memory or other physiological systems, for example reactivity to stress), and how they are believed to maintain -or not -a molecular modulation of gene activity. In order to determine which notions of memory are implicit or explicit in researchers' hypotheses about molecular memories, their effects, and whether they might be silenced, it is necessary to examine researchers' use of the concept of memory.

A subset of researchers interested in memory and epigenetics have explored the so-called "'epigenetic code' in the central nervous system that mediates synaptic plasticity, learning, and memory". [START_REF] Day | Epigenetic mechanisms in cognition[END_REF] In their models, neuroscientists Jeremy Day and David Sweatt evoke "the controversial theory of the 'engram' -a (hypothetical) biophysical change in the brain that accounts for the material existence of memory. [START_REF] Josselyn | Finding the engram[END_REF] [and] suggest that epigenetic mechanisms, such as DNA methylation, may be a window into the brain's memory". [START_REF] Lawson-Boyd | Gender Beneath the Skull: Agency, Trauma and Persisting Stereotypes in Neuroepigenetics[END_REF] They and others are interested in how memory may be traced through epigenetic modifications in the brain, at a molecular level. Drawing mostly on research on model organisms, Day and Sweatt further argue that:

An interesting new understanding has emerged: developmental regulation of cell division and cell terminal differentiation involve many of the same molecular signaling cascades that are employed in learning and memory storage. Therefore, cellular development and cognitive memory processes are not just analogous but homologous at the molecular level. [START_REF] Day | Epigenetic mechanisms in cognition[END_REF] Their research presents developmental epigenetic mechanisms and cognitive memory processes as intertwined, and thus potentially actionable on a molecular level. In this understanding of molecular memory, the epigenome is "a crucial 'missing link' between life experiences and gene expression, which in turn will influence the ways in which neuronal circuitry and brain structures develop". [START_REF] Lawson-Boyd | Gender Beneath the Skull: Agency, Trauma and Persisting Stereotypes in Neuroepigenetics[END_REF] In this reasoning, two characteristics of epigenetics are put forward, both of which we suggest should be approached with caution. First, that molecular memory may be homologous to episodic memory and second, that epigenetics makes an exceptional contribution to the chain of events leading from life experience to the molecular memories of these events and their subsequent effects. While Day and Sweatt put these ideas forward explicitly, they implicitly inform many other researchers models of epigenetic memory and its potential reversal. [START_REF] Zhang | Environmental enrichment increases transcriptional and epigenetic differentiation between mouse dorsal and ventral dentate gyrus[END_REF][START_REF] Rodgers | Transgenerational epigenetic programming via sperm microRNA recapitulates effects of paternal stress[END_REF][START_REF] Thumfart | Epigenetics of childhood trauma: Long term sequelae and potential for treatment[END_REF] Given this situation, it is worth taking a closer look at Day and Sweatt's propositions.

The first proposition may be particularly misleading. Recent research indicates that every function of the nervous system -from the regulation of autonomous functions to feeding, sleep, or nociception -may implicate changes in gene expression under epigenetic regulation. [START_REF] Guo | Effects of environmental noise exposure on DNA methylation in the brain and metabolic health[END_REF][START_REF] Richard | DNA methylation analysis identifies loci for blood pressure regulation[END_REF] In these studies, the degree of implication of epigenetic processes in the long-term regulation of those functions appears similar to what has been identified in relation to episodic memory. This complicates any assertions of a specificity or homology (besides the use of a common word) in the relationship between epigenetic and episodic memories. Episodic memory, instead, might be seen as affected by gene expression changes and epigenetic plasticity, much as the aforementioned brain functions, without necessarily being homologous to them.

The second proposition is similarly debatable. Responses to life experiences are complex and multiscalar. In cases of trauma, perception and encoding starts with sensory processing of, for instance, sounds or movements, which are then cognitively apprehended by devoted brain areas, triggering negative emotions. Each of these operations relies on specialized cellular processes. At the sensory level, they include physical properties (e.g., light sensing in the retina), mechanical properties (e.g., transduction of sound waves by the tympanum), or chemical properties (e.g., release of neurotransmitters in activated brain regions) that act on temporal and spatial scales not necessarily compatible with or dependent upon any epigenetic plasticity. Furthermore, in current models, it is the overall psychological impact of adversity, downstream of these multiscalar processes, that is considered to trigger epigenetic changes. This subjective psychological impact may, in turn, dynamically signal through successive levels of biological organization, back to the epigenome molecular scale. [START_REF] Tronick | Waddington, dynamic systems, and epigenetics[END_REF][START_REF] Burns | Plasticity of the epigenome during early-life stress[END_REF] The complexity of these processes warrants a more detailed discussion to map out some of the substrates and experimental designs out of which neuroepigenetics reasoning emerges.

While other substrates are studied and likely implicated, highly studied DNA methylation and its correlation with adversity and psychopathology will be our primary focus below. Changes in DNA methylation are considered not only to reflect past experiences (a passive trace), but also contribute to neuronal and behavioral changes such as heightened sensitivity to stress and increased psychopathological risk (active regulatory mechanisms). Research on these processes deals with imperfectly congruent experimental designs.

On the one hand, animal studies objectivize how embodied epigenetic memories, thought to be induced by early adversity, may manifest in adulthood, long after initial triggering events and in controlled settings that limit confounding factors. Importantly, even in such settings, causal attribution of abnormal behavior to epigenetic changes would require dedicated experiments during which the proposed epigenetic substrate would be manipulated to prevent or reverse the abnormal behavior (see the next section). The behavioral changes in model organisms are hypothesized to bear some similarity to psychopathology that has been documented in humans who experience early adversity (e.g., childhood maltreatment), and researchers believe that some of the same molecular processes might be involved. [START_REF] Burns | Plasticity of the epigenome during early-life stress[END_REF] In humans, such associations between adversity and epigenetic adaptations are more questionable. Studies typically involve either the analysis of post-mortem brains of people retrospectively classified as having experienced early adversity, or of peripheral biopsies (blood, saliva) in living subjects (which, although more accessible, are distant from pathophysiological processes occurring in the brain). As such, sources of unaccounted variability over the lifespan, following trauma, are incomparably higher in those studies compared to aforementioned animal paradigms. Thus, even based on the most substantial epigenetics research to date, there is only a tenuous, associative relationship between early adversity, molecular memories of early experiences, and drivers of later behaviors, both in animal and human studies.

Ultimately, based on existing models, any long-lasting embodied memories -whether of trauma or other life experiences -are likely associated with multiscalar adaptations at histological, cellular, or molecular levels, which may include but not necessarily be limited to epigenetic changes. Though epigenetic processes are likely recruited during early adversity and later in life when more recent life events have biological impact, they do not operate in isolation. Conceptualizations of epigenetic processes as exceptional contributors to molecular memories of past experiences, in this context, appear to reflect an inability to place them in these long oscillating chains, across temporal and spatial timescales, rather than a documented epistemic property. [START_REF] Lloyd | Homeorhesis: Envisaging the logic of life trajectories in molecular research on trauma and its effects[END_REF] These limitations suggest caution when postulating relationships between life experiences, epigenetic modifications, and memory, most particularly in the context of human adversity and psychopathology. Moreover, current understanding of this relationship might encourage attentiveness to the ways in which slippage between different types of memory, explicitly in scientific communications or implicitly in underlying reasoning, populate research on epigenetic plasticity and its potential silencing.

Experiments in reversibility

In addition to studying the molecular mechanisms that may link trauma and psychopathology, researchers are attempting to identify interventions that might reverse or modify epigenetic states and the psychopathology purportedly correlated with them. The most targeted epigenetic editing interventions aspire to modify the fundamental molecular processes associated with past experiences of trauma. Researchers hope that these modifications will affect neurobiological processes and, as a consequence, behavioral traits and reactivity to stress (e.g., as in the case of PTSD). The primary target of these interventions is not considered to be the factual or emotional content of an episodic memory, such as the emotional relationship between the person and a specific object or event, but rather affective states and behaviors thought to be associated with past experiences of trauma. Affective states, in this perspective, are conceived as triggered neurobiological dispositions "operating outside the domain of consciousness and intentional action". [START_REF] Leys | The turn to affect: A critique[END_REF] In this conceptualization of neuropsychiatric risk, triggers are considered both devoid of exceptional qualities and sufficient to set in motion pathological responses. At their extreme, in certain neuroepigenetic research agendas, affective responses to triggers are thought to be sufficient to lead to suicidal acts. [START_REF] Lloyd | Time, trauma, and the brain: How suicide came to have no significant precipitating event[END_REF] Some research on the modification of epigenetic traits focuses on well-established interventions such as antidepressants and psychotherapy. These therapies have traditionally sought to mitigate the effects of past traumas through the alleviation of symptoms in the present (e.g., anxiety) and are now also studied for their effects on epigenetic mechanisms. This involves reconceptualizing the interventions as modulating basic affective states underlying clinical symptoms. Concerning antidepressants, researchers have associated their beneficial impact with epigenetic modifications (in aforementioned peripheral samples, not the brain) and are attempting to identify which epigenetic profiles might predict responsiveness to the medications. [START_REF] Menke | Epigenetic alterations in depression and antidepressant treatment[END_REF] In similar reasoning, researchers have suggested that epigenetic mechanisms may constitute "dynamic biological correlates of [psychotherapeutic] interventions". [START_REF] Ziegler | gene hypomethylation in panic disorder-Reversibility of an epigenetic risk pattern by psychotherapy[END_REF] However, the processes, directionality, or interactions linking symptom alleviation, intervention, and epigenetic profiles are far from comprehensively understood, as such research does not demonstrate whether: (1) it is the intervention that reduces a person's symptoms, which subsequently impacts epigenetic profiles; (2) the intervention directly influences epigenetic plasticity, thereby modifying symptoms; or (3) some combination of the two. This raises important questions about inference of causality, as distinguishing between these possibilities would require direct and specific manipulation, or "editing", of the epigenome. (see text box 2) [START_REF] Hamilton | Cell-type-specific epigenetic editing at the Fosb gene controls susceptibility to social defeat stress[END_REF] Heller and collaborators epigenetically reprogrammed the gene in a specific brain region to promote behavioral susceptibility, or alternatively resilience, to later exposure to stressful experiences. They argue the specificity of their approach allows them to understand how locus-specific epigenetic states may be causally implicated in the modulation of stress responses.

Text box 2: two examples of research on reversibility • Locus-specific epigenetic editing This experimental approach aims to develop manipulations that can affect only one targeted gene. The possibility of such a specific targeting remains technically and experimentally challenging. An example of this approach is rodent model research led by Elizabeth Heller and Eric Nestler that aims to modify epigenetic regulation of the expression of the gene FosB, largely previously investigated at the non-epigenetic level by several groups.

Overall, these findings demonstrate the potential feasibility of intervening in targeted ways on the molecular processes implicated in stress or trauma responses. Moreover, the experimental approach is an example of how researchers hope to mobilize emerging understandings of trauma and its effects to potentially silence molecular memories of past experiences.

• Mediation of epigenetic reprogramming through DNA methylation This approach targets the molecular machinery thought to mediate epigenetic reprogramming. A team led by

Moshe Szyf and Gal Yadid recently investigated a rat model of PTSD in which they identified changes in DNA methylation associated with susceptibility or resilience to stress responses upon exposure to a predator odor. [START_REF] Warhaftig | Reduction of DNMT3a and RORA in the nucleus accumbens plays a causal role in post-traumatic stress disorder-like behavior: Reversal by combinatorial epigenetic therapy[END_REF] [START_REF] Gräff | Epigenetic priming of memory updating during reconsolidation to attenuate remote fear memories[END_REF] ) These approaches, which are meant to directly target the molecular imprints of traumatic memories, represent another strategy compared to existing symptom-oriented therapeutic interventions to free people from the emotional impact of these memories thought to be associated with PTSD. In theory, they would be more akin to an intervention that allows a person to remember the affective silence of an epigenetic landscape unmarred by (mal)adaptive shifts brought on by adversity. Such interventions would hypothetically target a range of regulatory elements, bringing to the toolkit of psychiatry the reversibility discussed by Ringrose and Paro. Researchers hope, for example, that systemic global methyl donor treatments have the potential -to use an analogy -to reopen critical windows of neuroplasticity among people who are biologically beyond the developmental period associated with early life plasticity, when the effects of negative experiences are considered to be particularly harmful. [START_REF] Reh | Critical period regulation across multiple timescales[END_REF] In other words, the treatment may affect the canalization that takes place in a person's life, and presumably sets them on a particular life trajectory, by producing a state in which canalization might be rendered shallow and a person could move to another trajectory. [START_REF] Lloyd | Homeorhesis: Envisaging the logic of life trajectories in molecular research on trauma and its effects[END_REF] (see text box 3)

Results suggested a pattern of diffuse hypomethylation in susceptible animals, along with reduced expression of one of the two main proteins responsible for methylating DNA in mammalian brains (DNMT3A). They then directly increased the expression of this protein and found that it partially blocked the emergence of PTSD-like behaviors in their model. They also administered the chemical donor for methyl groups (SAM, present in rat and human diets), and showed that this also prevented PTSD-like deficits. While these results offer support to the hypothesis that DNA methylation changes may contribute to PTSD, Szyf and Yadid did not identify if or how their manipulation of the DNMT3A protein directly affected the DNA methylation changes that were triggered in the model, but instead reasoned by inference that the enzyme must have affected them. To date, Yadid et al. have only experimented with rodents, yet they suggest that it may be possible to carry out a similar intervention in humans, using a systemic SAM therapy. Such an administration of SAM may potentially affect other cells in which methylation of DNA plays a regulatory role, throughout the whole body. It is possible to hypothesize that such an unspecific induction of epigenetic plasticity may have detrimental effects, in the brain or other organs (for a related example on the potentiation of epigenetic plasticity in the context of another behavioral paradigm -fear conditioning -and type of epigenetic mechanism -histone acetylation -, the reader is referred to

Text box 3 on Waddington and canalization?

In the 1930s, developmental biologist Conrad Waddington investigated how genes develop into physical traits. He explored the process of canalization that resulted in a functional analysis of organisms in their environments. This yielded a framework and metaphor allowing individual trajectories to be seen as emerging at the intersection of personal characteristics and environmental factors, with trajectories becoming stable over time. [START_REF] Lloyd | Homeorhesis: Envisaging the logic of life trajectories in molecular research on trauma and its effects[END_REF] Waddington advanced that:

• Genes tended to interact non-randomly with one another to produce developmental trajectories. This led Waddington to believe that these processes needed to be studied with respect to the organism as a whole in its environment, rather than by focusing on single genes. • Development should be studied through the optic of self-regulation to understand "the causal roles of single genes and the robustness of causal pathways" [29(p. 303)] , such as how a genetic profile affects an organism under the pressure of the environment and developmental constraints overall. [30(p. 381)]

• The type of self-regulation he describes differed from homeostasis, as described by his contemporaries such as physiologist Walter Cannon. While Cannon was interested in the state and regulatory mechanisms of body processes, Waddington was interested in homeorhesis, or, the tendency of a dynamic system to adopt and return to specific trajectories despite external perturbations

Waddington's series of visual depictions of homeorhesis, in the form of the "epigenetic landscape" [START_REF] Waddington | The strategy of the genes[END_REF] , represented the effects of interactions between multiple genes and the environment (see [START_REF] Nicoglou | Waddington's epigenetics or the pictorial meetings of development and genetics[END_REF] for details).

→ Depending on an organism's genetic makeup and prevailing environment, Waddington argued that either shallow (i.e., more easily changeable) or deep (i.e., resistant) canalization might be more optimal for an organism's development.

→ Waddington's theorization of homeorhesis is consistent with the attention to contingency and context found in Ringrose and Paro's analysis.

While the potential of induced plasticity is far-reaching, according to one researcher, induced or uncommonly prolonged neuroplasticity could be a double-edged sword, beyond the aforementioned concerns of off-target effects outside the brain. She argued that under normal circumstances, in adulthood the perceptual field is shaped by past experiences: "it probably wouldn't be good to leave the window [of neuroplasticity] open when we're older because […] I wouldn't be having a discussion with you. I'd be listening to the furnace going on or off […] We narrow our perceptual field according to our experience" (personal communication). From this perspective, the stabilization of neural traits is essential for 'normal' development and the stabilization of one's identity. Therefore, the promise of epigenetic therapy, for all of its therapeutic possibilities, raises the specter of destabilizing a person's personality, cognitive abilities, or biographic integrity. By comparison, it is possible that epigenetic editing of discrete genomic sites (such as that used by Heller, Nestler, and colleagues, described above) might have more potential for efficacy without unwanted off-target effects. This possibility nevertheless raises questions on how to technically achieve selective manipulation of the brain epigenome in humans, and which genomic sites to target in the context of an individual's personality, biography, and symptomatology. In other words, is it possible to identify a locus that one might target as the seat of a traumatic memory and its effects? Additional questions linger as to whether such selective manipulations would have any effect, given the multitude of biological processes implicated in perception and experience.

It should be underscored that any return to silence aspired for in this research might be considered an arbitrary judgment. At the extreme end of wiping cellular memories clean, as in iPSCs, even efforts to epigenetically reprogram cells back to stem cell states are unable to completely remove molecular traces of their past differentiated identity. In addition, epigenetics is only part of multiscalar responses to life experiences such as trauma. Whether and how precise epigenetic editing would silence these multiscalar processes is unknown. Targeted epigenetic editing interventions may either miss their mark (i.e., have no effect on the molecular memories associated with trauma due to their inability to change epigenetic states or because their precision results in no systemic effects) or destabilize people's affective identities in unforeseen ways. Systemic therapies, for their part, that aspire to broadly modulate epigenetic processes come with the potential for sweeping effects on our bodily processes. The limitations of these interventions place the appraisal of a return to silence in a relative framework.

Moreover, epigenetics research on the effects of trauma is grounded in comparison of model organisms that were exposed or not, but the animals are not tested prior to exposure and interventions, an assessment that would be necessary to provide a "before" view that would hypothetically reflect a state of silence. In humans, these before states are not tested either, given that brain tissue can only be studied postmortem. Further complicating judgments of before, after, or a return to a previous unaffected state, research on inter-and trans-generational effects of trauma and long-term evolutionary inheritance of epigenetic states raises additional questions of whether "before" should be considered a state during an individual's life or whether it should include in utero or preconception experiences, including potentially those of parents. [START_REF] Pentecost | It's Never Too Early": Preconception Care and Postgenomic Models of Life[END_REF] Thus, the before state to which a person would return is rarely assessed in this research and questions remain as to when "before" should be identified in a person's trajectory. In light of current understanding of molecular memories, it might one day be possible to reverse a single epigenetic state with greater understanding of the processes involved. These would include the kinetics, particularities and potential reversibility of brain epigenetic processes; their reciprocal interactions with other levels of biological organization; and, finally, the development of more precise interventions, targeting pathophysiological substrates only. However, it may remain impossible, or counterproductive, to reverse a full epigenetic landscape or a person's developmental trajectory.

The silence envisioned in these interventions for stress or PTSD is grounded in long standing ideas about memories and their silencing, now modeled through interventions targeting molecular reversibility, with epigenetic manipulations seen as a means of undoing the effects of past adversity. Like the interventions proposed by Heller, Nestler, et al., the targets of such interventions are memories of a person's past experiences with silencing aspired to through molecular interventions to affect people's present behavior and affective states. These perspectives integrate beliefs about the tendency toward stability and durable effects of epigenetic traits, as discussed by Ringrose and Paro over twenty years ago. They presume that molecular profiles are persistent and in need of molecular interventions to be righted. What is set aside, in terms of Ringrose and Paro's contribution, is indeterminacy and the context and variability of epigenetic states: whether, and under what conditions, acquired epigenetic traits may be silenced.

How to silence a memory

New experimental strategies aspire to target specific parts of the epigenome to lessen the distressing effects of traumatic events. These fall into a long history of interventions that have sought to modulate, specifically, the effects of memories of these events. Among these are pharmacological interventions such as Propranolol that target the emotional charge and cognitive processes associated with traumatic memories. [START_REF] Brunet | Reduction of PTSD symptoms with pre-reactivation propranolol therapy: A randomized controlled trial[END_REF] Although such interventions aim to alter memories at a different order than epigenetic editing, the debates and concerns circulating around older memory modulation technologies nonetheless provide insights into beliefs about the etiological power of our pasts in our presents.

At the broadest level, ethicists have critiqued interventions like those associated with Propranolol for the treatment of PTSD as the "over-medicalization of bad memories". They argue that these interventions wrest experiences out of their contexts -including existing forms of coping and adaptation -and define them as medically necessitating intervention. [START_REF] Henry | Propranolol and the prevention of posttraumatic stress disorder: Is it wrong to erase the "sting" of bad memories?[END_REF] Other ethicists have critically considered the potential effects of memory modifying technologies and the possibility of silencing memories on our sense of self. Echoing concerns raised by the epigeneticist cited above about prolonged or induced neuroplasticity, ethicist Muriel Leuenberger argues that "memories of the past are constitutive of the boundaries we find ourselves in today". [36(p. 10)] She argues that the use of memory modifying technologies destabilizes the balance of what she considers the two constitutive elements of authenticity -self-creation and self-discovery -at the expense of the latter. Leuenberger argues that this new equilibration will result in modified self-narrative processes that would negate the ways in which we develop alongside our experiences. [START_REF] Leuenberger | Memory modification and authenticity: A narrative approach[END_REF] Importantly, the memory modifying technologies discussed by social science and humanities scholars operate on the assumption that erasing a memory (or its emotional charge, in the case of Propranolol) and its effects would result in an unmarred person in the present. The resulting silence that is imagined would have consequences from behavioral to emotional levels.

Epigenetic interventions, which aspire to produce silence through the reversal of molecular states, draw on similar beliefs about the effects of often singular traumatic memories on people's lives. What distinguishes interventions such as epigenetic editing or systemic manipulation of the epigenetic machinery from pre-existing memory modifying technologies is the presumption that they operate at a level prior to emotions, cognitions, or behaviors thought to be associated with traumatic memories, impacting instead on basic affective responses. The hope is that the reversal of the epigenetic states thought to be molecular memories of traumatic experiences would undo the basal reactivity of a person to subsequent stressors. The silence aspired to in such interventions might be akin to the response of a "resilient" person to a traumatic event (similar to inter-individual variability in responses to trauma-like experiences used in aforementioned animal models), in which case the event would leave them with few enduring effects. [START_REF] Lloyd | Homeorhesis: Envisaging the logic of life trajectories in molecular research on trauma and its effects[END_REF] Yet, these interventions share the idea that erasure of a memory is the solution for a person's present problems. However, we question whether an ongoing investment in late 19th century understandings of indelible, traumatic memories -now studied at a molecular level -renders justice to the suffering of people living in the aftermath of trauma. As we have argued elsewhere, the lives of people who experience early adversity are often characterized by ongoing challenges. [START_REF] Lloyd | Shared relations: Trauma and kinship in the afterlife of death[END_REF] These may be in part related to the effects of early trauma, but may also be inscribed in pathological environments and what have been described as "slow" forms of violence [START_REF] Lloyd | Homeorhesis: Envisaging the logic of life trajectories in molecular research on trauma and its effects[END_REF] . These processual understandings of trauma and its effects still situate people's present difficulties at the intersection of memories and ongoing circumstances, but do not presume the primacy of memories. By freeing narratives of trauma from indelible memories, greater space is produced for a consideration of 'normal', terrible episodic memories and the ways they actively participate as parts of our ongoing lives, without those memories defining them. Such an orientation would reflect uncertainties observed in research on molecular memories, which, like Ringrose and Paro's analysis, demonstrates that what are identified as molecular memories of past experiences, may in reality reflect cumulative life experiences. [START_REF] Lloyd | Homeorhesis: Envisaging the logic of life trajectories in molecular research on trauma and its effects[END_REF][START_REF] Tronick | Waddington, dynamic systems, and epigenetics[END_REF] Returning to the polysemic use of the term "memory", we suggest this term has confounded neuropsychiatric research on trauma. We argue that assumptions of homologies (e.g., between episodic and molecular memories) and the challenge of clearly separating different effects of memories (e.g., at affective and emotional levels and, for instance, their basal molecular, sensory, psychological, and cognitive elements) contribute to the resulting confusion. In doing so, we build on biosocial research in anthropology and sociology that critiques the separability of social, clinical, and biological domains [START_REF] Keller | The mirage of a space between nature and nurture[END_REF] and that documents the consequences of assumptions that slip into scientific reasoning when complex experiences are potentially fallaciously assigned to one domain or another. A case in point might be the apparent homology of episodic and molecular memories. The former is a psychological construct, while the latter is a biological construct. These terms are used to discuss processes at different levels of interest. But just because two categories were constructed as exclusive to one another, does not mean that they were ever independent from one another. And a later identification of their relationship does not warrant their description as homologous. We contend that these fixed notions of memories serve as a distraction from understanding the complex, dynamic processes that make up people's lives.

In a play on a classic sociological concept and in an effort to conceive of the ways that events have broad impacts on people's lives, anthropologist Megan Warin and collaborators recently extended sociologist Pierre Bourdieu's concept of habitus. [START_REF] Warin | Epigenetics and obesity: The reproduction of habitus through intracellular and social environments[END_REF] (see figure 1) Habitus describes a process through which social traits uniting individuals are considered to have been produced by previous experiences and to be reproduced in future experiences. The social world is conceived of as unconsciously embodied to allow members of a social group to be preadapted to their particular context. [START_REF] Bourdieu | The logic of practice[END_REF] In their extension of Bourdieu's work, Warin and her coauthors proposed the concept of biohabitus to explain how certain types of risks are "structurally embedded in socio-cultural contexts" and subsequently become a part of people's bodies. [START_REF] Warin | Epigenetics and obesity: The reproduction of habitus through intracellular and social environments[END_REF] These experiences have biological effects, which inform people's future trajectories. While these processes affect a person's future, Warin and colleagues point out that although habitus has a certain reproductive angle (e.g., transmitted through families or social relationships), it is not deterministic but flexible, open to change at both individual and collective levels. The concept of biohabitus encourages us to consider the impact of life experiences and the way they are dynamically re-enacted and embedded at what are traditionally considered different domains (e.g., biological). In line with Ringrose and Paro's attention to trends toward stability, but with notable indeterminacy, this perspective provides a way to move beyond simplistic notions of memories of life events, their effects, and the means through which they might be silenced.

The interventions described in this text aim to silence memories of the past to create an unencumbered present and future: by wiping a person's slate clean -whether in a targeted or more generalized way, depending on the intervention -it is assumed that the problem lay in the individual and only in their past as an isolated event and biomarker. Our goal in this article has been to assess the state of knowledge about memories and their silencing and to consider the assumptions and unknowns that populate reasoning between molecular and experiential levels as well as the dynamics of life trajectories. We contend that for researchers who aim to help people "remember silence", it is worth carefully considering foundational assumptions about the nature of trauma and its effects. Indeed, even if trauma occurred in the past and a therapy was able to reverse an epigenetic trait correlated with it at a later date, this does not mean that the multitude of multiscalar processes associated with the traumatic event will be silenced at the same time. Moreover, a fixation on apparently indelible memories does little to recognize and alleviate potentially ongoing trauma, that is as much an experience of the present as of the past. [START_REF] Lloyd | Shared relations: Trauma and kinship in the afterlife of death[END_REF][START_REF] Bloom | Early life adversity, use of specialist care and unmet specialist care need among children[END_REF] 

Conclusion

Epigenetic editing is just one technique in a long line of interventions that have sought to free people of potentially indelible and distressing memories. In this article, we first considered how epigenetic plasticity came to be considered as potentially reversible in experimental models the and hoped-for implications of such reversibility in relation to more complex behavioral traits: for instance, reversing the presumed effects of early life trauma on later psychopathology. By interrogating assumptions of uncomplicated relationships between episodic and epigenetic memories, we sought to clarify the limitations and shortcomings encountered when reasoning across constructed domains (e.g., social, clinical, molecular) and when reasoning across distinct experimental models and species. Among these, we stressed our limited understanding of causal relationships between epigenetic molecular modifications, complex emotional and affective states, and multiscalar biological properties mediating their interplay. Finally, we argued that underlying past and current research on trauma and its aftermath is a belief that [1] people's problems lie fundamentally in traumatic memories, and [2] that a return to hypothetical epigenetic primordial states, or "silence" offers a solution to people's problems. While recognizing the pain caused by traumatic experiences, we suggest that a more expansive consideration of people's pasts and presents may offer insights into the indeterminacy of life. Overall, we urge a greater consideration of the complex multiscalar, temporal, and contextual nature of any efforts to understand the effects of trauma and its hypothetical silencing. Freeing understandings of human subjectivity and molecular processes from the idée fixe of indelible traumatic memories could open new paths to compassion and justice in models of and inquiries into life trajectories.
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 1 Figure 1 "Epigenetic landscapes" adapted from Waddington, C. H. (2014). The strategy of the genes. Routledge
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