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ABSTRACT
The conference ‘The Many Faces of Epigenetics: Multidisciplinary Perspectives “over” Genetics’
was held in Oxford (6–8 December 2017) and offered a valuable window into the domain of
Epigenetics and its promises. The workshop revealed that, among a wealth of discourses about
Epigenetics, it is not so easy to decipher which discourses are to be trusted. Because Epigenetics is
a rather old notion that has generated many debates and promises, defining precisely what has
changed and where we are currently is a challenge in itself. Interestingly, the conference allowed
debates beyond statements such as ‘If you don’t know the cause, you say it’s epigenetic’
(Deichmann 2016), pointing out that the lack of a precise definition of Epigenetics was no
hindrance to the discussions. Finally, it highlighted the grounds of (dis)agreement among com-
munities of natural and social scientists; but eventually the discussions showed that epigenetic
tools open the path to new topics and challenges that are awaiting us.
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Introduction

The conference ‘The Many Faces of Epigenetics:
Multidisciplinary Perspectives “over” Genetics’
was held in Oxford (6–8 December 2017) (http://
mfo.cnrs.fr/fr/epigenetique-resumes). Epigenetics
is becoming increasingly relevant not only to bio-
logical and medical studies but also to Social and
Political Sciences, History, Anthropology and
Philosophy. Clearly, Epigenetics will contribute to
the future development of social, health and envir-
onmental policies. In parallel, philosophical and
social considerations may help epigeneticists to
conceptually refine the epigenetic ‘paradigm’.a

Our paper aims at reporting the original ideas that
we think will lead on to further discussions and
research projects. Therefore, we focus on the scientific
change associated with Epigenetics in the perspective
of the different disciplines that were represented in
Oxford. We argue that scientific change was the com-
mon thread through most debates that occurred dur-
ing the conference.

After a description of the opening workshop
and the questions it addressed, fundamental issues,
such as the definition of Epigenetics, are listed.
Finally, original topics that emerged are developed
and discussed.

Description of the workshop and of its issues

The Oxford conference ‘The Many Faces of
Epigenetics: Multidisciplinary Perspectives
“over” Genetics’b was born from the following
idea: Epigenetics is trans-disciplinary; it crosses
Chemistry, Biology, Medicine, Philosophy of
Science, History, Social and Political Sciences.
While natural scientists have a molecular
approach to Epigenetics, social sciences and
humanities scholars use a different scale of
analysis. Still, Epigenetics provides the oppor-
tunity to focus on the same object of study
from different angles [1]. Thus, by gathering
researchers from different fields, new ideas
and branches of Epigenetics should emerge.
Projects such as ‘Epigenetics and the embodi-
ment of environments: which biosocial agendas
for sociology and epidemiology?’, directed by
Severine Louvel (UGA, France) and involving
social scientists, political scientists and epide-
miologists, could notably be developped.

Thanks to the Maison Française d’Oxford (MFO),
the sponsorship from Sorbonne Universités,
University of Oxford, French Foreign Affairs, EU
COST CM1406 EpiChemBio, 75 researchers from
Humanities, Social Sciences and Natural Sciences
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met, exchanged results and discussed ideas at the
MFO in Oxford from 6th to 8 December 2017.

Since we were from different disciplinary fields,
the meeting started with a ‘brainstorming’ work-
shop to define the vocabulary and concepts that
would then be discussed during the conference. To
this aim, a short survey was sent to all participants
beforehand with the following questions:

(1) How do you define Epigenetics?
(2) Do you think that Epigenetics is transdisci-

plinary? If yes, how?
(3) How do you think the other disciplines

(Natural Sciences, Social Sciences and Human
Sciences) see your discipline (Natural Sciences,
Social Sciences and Human Sciences)?

(4) What do you think will be the contribution of
Epigenetics to your discipline in the next years?

(5) What are the main questions/dilemmas that
Epigenetics raises in your field?

(6) What do you expect from this transdisci-
plinary conference?

What mattered and what did not

We expected that the definition of Epigenetics
would be a controversial matter, together with
heredity, but we were surprised that the discussion
rapidly moved towards other questions.

Beyond definition

There is much controversy, publications and
thoughts concerning the definition of Epigenetics
[1–6]. The most common definition describes
Epigenetics as ‘the study of heritable phenotypes
that do not alter the DNA sequence’ [4,7].

By plotting the written answers (21 out of 75) that
we received to question 1 of the survey, we obtained
theword cloud reported in Figure 1. Clearly, it appears
that the center of Epigenetics remains DNA and the
genes, in particular their expression, the impact of
environment and the heritability of epigenetic
changes.

Unsurprisingly, it happened that the definition is
not fixed, but rather broad and blurry. Importantly,
when each discipline was asked to give a single word

to define Epigenetics, we realised that most words
were common to all (Figure 2). However, it must be
noted that this analysis is biased by the disciplines
and interests of the participants of the meeting; for
example, no scientist from plant biology was pre-
sent, and few from Developmental Biology; in addi-
tion, most of us work on humans or mammals.

This exercise opened the following discussions and
ideas.

Few elements were only cited by some disciplines;
of note is responsibility, which was discussed by the
social scientists with respect to considerations com-
ing from the field of environmental Epigenetics [8],
but was hardly shared among the natural scientists.

As expected, gene expression and regulation
seem to best characterise Epigenetics (Figure 2,
common items in blue), together with the fact
that epigenetic marks contribute to the plasticity
and memory of cells, organisms and societies, and
take part in adaptation. Another feature of
Epigenetics shared by the different fields is its
role in development (at the levels of cells, organ-
isms and societies), together with heredity and
transgenerational impact (how influences experi-
enced by parents are transmitted to their progeny).

Most interestingly, all participants converged to
state that a major contribution of Epigenetics to
Science consists in offering new explanatory tools at
the molecular level: shedding light on how environ-
ment (chemical, physical, social, cultural,…) impacts
gene expression and behaviour. These tools also take
into account the interactions between biology, nutri-
tional input and social structures; link environment to

Figure 1. Word cloud built from the written answers to the
survey (by using www.wordclouds.com).

624 P. B. ARIMONDO ET AL.



diseases risk; and suggest how psychosocial stress and
social inequality produce health disparities. This issue
was developed and discussed by M. Szyf (McGill
University, Ca) in a talk entitled ‘DNA methylation
mediating between experience and phenotypes: impli-
cation for mental health’. The famous example of the
honey bees by Kurchaski et al. was cited [9] to show
that by modifying epigenetic marks (here DNA
methylation) it is possible to change a phenotype (in
the Dnmt3A-siRNA treated larvae, most of the adults
become queens with fully developed ovaries).
However, this example also illustrates that
Epigenetics is only one of the factors contributing to
phenotypes [10]. Finally, S. Louvel (UGA, France)
showed howmaterial and social environments change
epigenetic patterns and impact health in her presenta-
tion entitled ‘About reductionism: how does environ-
mental epigenetics conceptualize and operationalize
environments across the lifespan?’. These issues and
methods concerning the investigation of how social,
environmental and nutritional factors influence bio-
logical mechanisms currently fall under the field of
Environmental Epigenetics.

Importantly, Epigenetics provides heuristic tools
allowing for the start of new research hypotheses
that can be experimentally tested and improved,
resulting in new ideas and increased knowledge of
the complexity of living beings. It recalls what hap-
pened with the discovery of the DNA and the estab-
lishment of the Central Dogma of Molecular Biology
‘DNA → RNA → proteins’: many thought that the

answers to diseases and societies could be found in
genes, but the sequencing of the first human genomes
[11,12] showed that the Dogma only tells part of the
story. This part is undoubtedly essential, since DNA
constitutes the words of the booklet of instructions of
the cells, but readers and interpreters are also needed.
Epigenetics reveals that a new layer is essential for
improved understanding of the complexity of cells,
organisms and life. This will foster the molecularisa-
tion of social and historical phenomena and will (and
already does) greatly impact our knowledge [13].
Epigenetics can offer molecular understanding of the
profound entanglement of social structures and
human biology. One example of this is reducing social
dynamics to molecular modifications of DNA, thus
shedding light on medical sciences. This topic was
developed by F. Panese and L. Chiapperino
(University of Lausanne, CH) in ‘The biosocial econo-
mies of Epigenetics’.

In brief, the definition of Epigenetics did not
monopolise the discussion, since we rapidly agreed
on common terms characterising Epigenetics, and
the absence of a precise definition was no limit to
the discussions that followed. Epigenetics simply
brings to concepts what is beyond genes.

The question of epigenetic heredity

The question of epigenetic heredity was expected
to be another central point of discussion during
the conference. Indeed, Epigenetics is one of the

Figure 2. Words defining Epigenetics (built using Xmind 8). Depicted in blue are the common words to all disciplines, and in orange
are those that attracted more attention.
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fields of investigation that challenge the gene-
centered vision of heredity, which has dominated
the scientific landscape for the last sixty years. It
provides evidence that biological systems – notably
plants and animals – do not only transmit genes
across generations, revealing that trans-
generational similarities cannot be exclusively
explained by the replication of DNA [14–17].
More precisely, epigenetic studies show that mole-
cular modifications of chromatin and non-coding
RNAs, which can be sensitive to environmental
changes, may be maintained across generations
and affect both parent and offspring phenotypes.
In this respect, the discipline sheds light on
mechanisms by which environmentally-induced
traits can be transmitted from one generation to
the next [18]. This is the reason why it was initially
said to rehabilitate theories regarding the heredity
of acquired characters, generally qualified as
‘Lamarckian’ [3,19]. However, this simplistic ana-
lysis has been discarded since then [20].

Surprisingly, the problem of trans-generational
maintenance of epigenetic marks was not at the
centre of the debates. More precisely, the idea that
epigenetic transmission challenges the gene-centric
vision of heredity did not emerge as a key issue.
Participants addressed the difference between trans-
generational exposure and genuine epigenetic her-
edity. They agreed that whereas the former, which
can be called cross-generational epigenetic mainte-
nance, is due to the common exposure of several
generations to the same environmental cue, the lat-
ter, which can be called trans-generational epigenetic
maintenance, implies that a dedicated mechanism
ensures the reconstruction of epigenetic marks
across cell divisions (mitosis and meiosis). In his
presentation ‘Transgenerational epigenetics: where
are we now?’, P. Allard (UCLA, USA) shed light on
elements illustrating this issue. In addition, the
importance of clarifying what kind of maintenance
is at stake in the famous alleged examples of epige-
netic heredity was briefly discussed. This discussion
was in agreement with the literature to precisely
describe the various kinds of epigenetic maintenance
at stake across generations [5,21].

However, no debate arose concerning the fre-
quency or rarity of epigenetic heredity stricto
sensu. More precisely, the impact of epigenetic
transmission on general thinking about heredity

turned out to be a non-issue for the workshop
participants. This stands in striking contrast to
the contributions according to which epigenetic
transmission is highly challenging for the current
gene-centered theory of heredity [22,23].

Hot topics, new tools and challenges

If not the definition of Epigenetics and epigenetic
heredity, what then were the hot topics discussed
during the conference? On what grounds did dis-
agreement occur? It appeared that disagreements
were not substantial, but mainly due to the gap
between new explanatory goals and old disciplin-
ary norms. They disappeared once the questions
were redefined.

In short, what about the hopes and promises of
Epigenetics?

Plasticity at the molecular level

In order to identify what the workshop brought
about in terms of the current state of the art in
Epigenetics, the first question to be asked was:
What is different now (now that the domain of
Epigenetics is rapidly developing)?

Focusing on the notion of plasticity was a useful
way to assess what kind of results epigenetic studies
have recently produced. Plasticity is an old notion in
Life Sciences that was traditionally conceived at
organismal and social levels, as testified by
Maurizio Meloni (University of Sheffield, UK) in ‘A
postgenomic body: Plasticity, Epigenetics, Biopolitics’.
Before the discovery of DNA methylation, it was
simply assumed that there probably existed mechan-
isms accounting for dynamics and reversibility in
gene expression. These mechanisms are now exten-
sively studied. This means that instead of being just
dreamed of, the explanation of plasticity at the mole-
cular level is on its way, to be (hopefully) followed by
intervention in such processes.

Thus, the step forward has been molecular:
a molecular mechanism explaining phenotypes
has been discovered. For instance, plasticity has
long been well-known as an important phenom-
enon in development. Similarly, it has been com-
monly assumed that something in the genome had
to be plastic, because it was known that gene
expression is not rigidly deterministic. However,
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there was no detailed explanation available of how
plasticity could be brought about within cells. The
lack of explanatory mechanisms that could
account for the non-rigidity of gene expression
was a major obstacle to understanding how genes
cause phenotypes. Indeed, even though it was
assumed that gene expression was somehow plas-
tic, the precise realization of this plasticity
remained unknown. Similarly, it was commonly
acknowledged that Genetics, however powerful,
cannot be the only explanans of development.
The problem was that there was hardly any
means available to harness this intuition, namely
to formulate any precise hypothesis to be tested on
the bench. Epigenetics has been a breakthrough in
this respect.

Famous examples of plasticity related to epige-
netic variations are the three following. Cubas et al.
showed for the first time in 1999 that a heritable
epimutation, the silencing of Lcyc gene by DNA
methylation, is responsible for the naturally-
occurringmutant of Linaria vulgaris (Linaria pelori),
a flower plant [24]. Cavalli and Paro showed that
Drosophila chromosomal elements can transmit an
epigenetic state (active or repressed) to the next
generations in the absence of any apparent covalent
modifications of the DNA [25] and observed that the
active mark set at embryonic stages is mitotically
stable and inheritable even after the removal the
main regulator [26]. Finally, Manning and colleagues
shed light on the role of epigenetic marks in the
regulatory network that controls tomatoes ripening
and tomato colours [27].

Placing the genome in its biochemical context

The discoveries that have changed the course of
Epigenetics bear upon mechanisms that participate
in gene regulation and enrich our understanding
thereof, like DNAmethylation, histonemodifications,
nucleosome positioning, interactions between DNA
methylation and chromatin, chromatin enhancers
and silencers. These discoveries have had
a tremendous impact on the field of Molecular
Genetics, as the strict separation between genes and
proteins, which was central within classical Genetics,
is now fading. Similarly, close connections are now
perceived between polymerase, transcription machin-
ery and 3D structure, three items that were conceived

as separated beforehand. DNA is not separated any-
more from its molecular context made by chromatin
and its modifications. As a result, the transcription
and translation ‘machinery’ takes a new, more precise
meaning, including dynamical aspects.

It is as if the lens we had for studying gene
expression was coarse beforehand and has now
become more powerful, so that new details are
made visible. This ‘lens’ was explicated by the
talks of the chemists A. Ganesan (UEA, UK):
‘Being human’ and C. Schofield (University of
Oxford, UK): ‘The infinitely complicated chemistry
of Epigenetics’. The details change the general pic-
ture of the genome as they muddy the waters of
former oppositions (that are now seen as more
confusing than enlightening) and reveal the dyna-
mical components of the process. For instance,
some of the events occurring between the DNA
molecule and proteins are better known and we
have now understood for sure that some are rever-
sible. An important upshot of these discoveries is
that new proteins and new problems have been
identified. Epigenetics has decisively entered its
new experimental phase with the ‘-omics’ scale-
up and the measurements of the chemical modifi-
cations of DNA and histones.

Entering this phase means that assumptions and
promises about plasticity have been replaced by
testable hypotheses. Let us put forward
a distinction between (i) wide-scope hypotheses
that may inspire general ideas (e.g.; ‘Plasticity
plays an important role in development’), (ii)
hypotheses that get research done on a daily
basis (e.g.; ‘Methylation is an important mechan-
ism of how plasticity actually occurs at the mole-
cular level’), and (iii) statements that may be
popular but do not have positive effects on scien-
tific research (e.g.; ‘Epigenetics will overcome
genetic determinism’). Contrary to hypotheses in
the third category, hypotheses in the second may
realize the promises of the ones in the first cate-
gory and enrich them. This threefold distinction
enables us to better assess the status of the above
presented discoveries. On one hand, they were
expected, as the general hypotheses that something
other than genes influences gene expression has
been entertained since the very beginnings of
Molecular Genetics. But on the other hand, they
have been surprising, as is every discovery of an
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actual mechanism. As such, they are to be viewed
as putting forward genuine novelty in the fields of
Molecular Genetics and Biochemistry.

Relationships between genetics and epigenetics

The above leads us to dispel two related miscon-
ceptions that are common in discourses about
Epigenetics. The first is to conceive Epigenetics
as a scientific revolution that would discard the
idea that only genes are responsible for develop-
ment. The presentation on aging by W. Reik
(Babraham Institut, UK) ‘Epigenetic programming
in development and aging’ illustrated this point.
The second is that Epigenetics is nothing more
than the study of gene regulation and that accord-
ingly, there is nothing actually new in the field. It
is important to get rid of both misconceptions.
First, the discovery of the molecular mechanisms
that are responsible for part of the plasticity of
gene expression represents a genuine progress in
the field of post-Human Genome Project (HGP)
research. Second, accordingly, Genetics has not
been overcome by Epigenetics, and nor should it
be. Far from such a misconceived view, Genetics is
complemented by Epigenetics as scientists pro-
gressively realise how immensely complex gene
expression is at the molecular scale. What we
now know for sure is that Epigenetics is not
opposed to Genetics but is an enhancement
thereof. The reasoning relating one phenotypic
trait to one genetic variant is translated from
Genetics to Epigenetics by adding reference to
epigenetic variants. Genetics is not over; on the
contrary, it goes on through new meanings.

Thus, with respect to the current state of the art
in Epigenetics, the workshop has allowed for
a better focus on the actual dynamics of research,
which is shaped by available technologies that
come from the development of Genetics at the
end of the twentieth century, among which HGP.
This reading of the current state of the field sheds
light on the frequently-heard denunciation of
‘molecularisation’. It is the other way around!
Our new understanding of processes at the mole-
cular level has opened new avenues for research
that are the pre-conditions for explorations at lar-
ger, phenotypic scales.

Conclusions and perspectives

To conclude, let us emphasise that the Oxford
conference was an example of a cross-disciplinary
discussion fuelled by a scientific concept,
Epigenetics, which has itself been at the crossroads
of several disciplinary fields since it was coined in
the 1940’s [28]. Moreover, the meeting provided
an opportunity to launch inter-disciplinary con-
siderations about the scientific change supposedly
induced by Epigenetics and abundantly discussed
in the literature [14,18,29]. It gave momentum to
genuine trans-disciplinary work that could be
structured in several axis of research and comple-
ment disciplinary studies that may develop in the
future.

Epigenetics at the crossroads of disciplines

Discussions about Epigenetics have been favour-
able to cross-disciplinary exchanges since the very
beginning [1]. When Conrad Waddington (1942)
coined the word Epigenetics to describe the
‘mechanisms by which the genes of the genotype
bring about phenotypic effects’, he already targeted
the connection of embryology and genetics, two
disciplines that had been long been separate. More
generally, the word Epigenetics, in referring stricto
sensu to whatever is beyond, around or above the
genes, has a plastic meaning – many faces – thus
setting the stage for pluri-disciplinary approaches.

The Oxford conference illustrated this state-
ment. Gathering scholars from different fields of
research, it was a living example of a pluri-
disciplinary discussion about a still vague notion.
Even if one considers that the precise definition of
Epigenetics is important for scientific communica-
tion [30], and while conceptual vagueness can first
appear as an obstacle to rigorous work, it can also
be considered as an ingredient for scientific fruit-
fulness and as a facilitator of interdisciplinary
exchanges [31]. Noteworthy, the vagueness of the
concept of gene at first could have appeared as
a source of scientific confusion but was after
acknowledged as scientifically fertile [32].
Notably, Epigenetics can facilitate communication
among scientists with different backgrounds like it
did in Oxford, fostering rich cross-disciplinary
discussions.

628 P. B. ARIMONDO ET AL.



What kind of scientific change are we witnessing?

Epigenetics is sometimes presented as bringing
revolutionary change in Biology and as providing
radically better insights into the dynamical dimen-
sion of biological processes. It is said to improve
our understanding of biological and medical phe-
nomena (heredity, development, evolution, pathol-
ogy, etc.). Assessing the distinguishing features,
reach and significance of the ongoing change repre-
sents an exciting challenge. Scientific development
is indeed a major topic in Philosophy of Science. It
is generally analysed according to two main con-
ceptions: either scientific change is a rational,
cumulative process in which new theories, better
fitted to facts, replace older ones, or a brutal and
partially irrational process that implies a radical
modification of theoretical frameworks.

The discussions during the conference showed
that the description of ongoing scientific change
deserves a deeper analysis than that provided by
usual categories. While the natural scientists
expressed a real enthusiasm about molecular
mechanisms making sense of the dynamic and plas-
tic dimension of biological phenomena, their ques-
tions and the way inwhich they addressed themwere
strikingly reminiscent of the scientific practices at
work during the golden age of Molecular Genetics.
More precisely, a contrast emerged between the
explanatory ambitions of epigeneticists and their
ways of addressing scientific problems, which extend
the usual practice in Genetics of looking for (epi)
genetic variant for phenotypic traits.

In this specific context, philosophers of science,
sociologists and scientists are encouraged to
undertake collaborative work in order to assess
the extent and the nature of the scientific change
induced by Epigenetics. They are urged to ask
whether this change is about methodology, con-
cepts, norms, instruments or something else and
whether it can be called revolutionary or not. They
are also invited to ask whether the analysis they
will produce will be equally relevant in all scientific
fields encompassed within the label ‘Epigenetics’.

The future of cross-disciplinary discussions

What was the nature of the Oxford conference at the
end? Should it be qualified as an interdisciplinary

meeting? Such a description would not fairly reflect
the rich exchanges that took place between specialists
and the genuine attention they paid to others’ argu-
ments. Should it then be described as a trans-
disciplinary encounter? While inter-disciplinarity
implies that each scholar approaches a given topic
from her specific point of view, trans-disciplinarity
involves a more integrated work that is co-
constructed by specialists sharing common theoreti-
cal interests. Obviously, disciplinary boundaries
were tangible during the Oxford conference. True
trans-disciplinarity, as such, was not reached; for
example, the discussions about molecularisation
and reductionism showed the limits of the dialogue
across Natural and Social Sciences.

Neither inter-disciplinary nor trans-disciplinary,
the meeting was a unique event in its kind. It set up
the conditions for the implementation of a rich dis-
cussion that has to be fuelled within the next few
years. In other words, it gave momentum to the
construction of trans-disciplinary studies. One way
to maintain such momentum is to organise similar
events on a regular basis, and to associate them to an
institutional support that could take the form of an
international, inter-disciplinary network carrying
out a consistent research program along various
axes (e.g. ‘Epigenetic and society’, ‘Epigenetic and
scientific explanation’, etc.).

Finally, the Oxford conference embodied the early
stage of a challenging way of doing research, in
which trans-disciplinary studies may be comple-
menting disciplinary works. Such studies may
become additional devices to address some specific
issues, those that require the collaboration of specia-
lists with different backgrounds, expertise and per-
spectives. The present paper, written by a chemist
and two philosophers, is an example of trans-
disciplinary considerations that have been facilitated
by the Oxford conference. The challenge, now, is to
outline the issues that could be relevantly addressed
by trans-disciplinary teams. One of them regards the
extent of the announced – and never seriously char-
acterized – scientific change brought about by
Epigenetics.

Notes

a. Meant as a discipline taking into full account the
plasticity of gene expression.
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b. The Many Faces of Epigenetics: Multidisciplinary
Perspectives ‘over’ Genetics, Maison Française
d’Oxford, Oxford, UK. Convenors: Paola Arimondo
(CNRS), Michel Dubois (Epidapo), Ludovic Halby
(MFO/CNRS), Stéphane Jettot (MFO/Paris-
Sorbonne), Frédéric Thibault-Starzyk (MFO/CNRS).
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