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Abstract Two problems related to the biological identity of living beings are

faced: the who-problem (which are the biological properties making that living

being unique and different from the others?); the persistence-problem (what does it

take for a living being to persist from a time to another?). They are discussed inside

a molecular biology framework, which shows how epigenetics can be a good ground

to provide plausible answers. That is, we propose an empirical solution to the who-

problem and to the persistence-problem on the basis of the new perspectives opened

by a molecular understanding of epigenetic processes. In particular, concerning the

former, we argue that any living being is the result of the epigenetic processes that

have regulated the expression of its genome; concerning the latter, we defend the

idea that the criterion for the persistence of its identity is to be indicated in the

continuity of those epigenetic processes. We also counteract possible objections, in

particular (1) whether our approach has something to say at a metaphysical level;

(2) how it could account for the passage from the two phenotypes of the parental

gametes to the single phenotype of the zygote; (3) how it could account for the

identity of derivatives of one living being that continue to live disjoined from that

original living being; (4) how it could account for higher mental functions.
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1 Introduction

Seventy years have passed since the publication in Science of a paper by Loeb on

the individuality of living beings, and 20 since Buss published an extremely

influential book on how individuality can be explained through evolutionary biology

(Loeb 1937, 1945; Buss 1987). In light of recent advances in molecular biology, it is

now time to readdress individuality in biology, or more precisely, identity, since

there is no individuality without identity (see Quine 1981). In particular, we now

have the opportunity for a deeper understanding of this matter by grounding it on a

molecular basis, without—as it will be shown—falling into a reductionist

framework or, even worse, into the trap of genetic essentialism.1 Indeed, the last

two decades have witnessed the flourishing of epigenetics (or epigenomics; see

Goldberg et al. 2007), a field of post-genomic molecular biology that can shed fresh

light, as will be argued, on the identity of both unicellular and multicellular beings.

By taking these new scientific advances into consideration, we will show how,

via epigenetics, we can better comprehend in which sense a biological living being,

and a fortiori a human, is an individual, that is, something with its own identity. To

arrive at this result, first we set the philosophical (Sect. 2) and biological (Sect. 3)

foundations. We then develop an empirical argument that illuminates the key

features of identity through the lens of epigenetics (Sect. 4). Finally, we address

some possible objections in an attempt to better clarify our proposal (Sect. 5).

2 The Philosophical Frame

Since the beginnings of western thought, the question of identity has attracted the

attention of philosophers. We cannot revisit this long debate, but something must be

said to correctly frame such a vexata quaestio. To begin with, it should be noted that

this issue involves a number of intertwined problems: we will focus on two of them.

The first is the who-problem: ‘‘Who is that living being?’’. That is, which (biological)

properties make that living being unique and different from others? The second is the

persistence-problem: ‘‘What does it take for a living being to persist from one time to

another?’’. That is, which (biological) properties allow us to affirm that that living

being is the same over time even if other properties have changed? This latter problem

deals with diachronic identity, i.e., with numerical identity through time, or in other

1 According to genetic essentialism, we are our genes, as it was paradigmatically stated by Gilbert (1992)

who observed that, since our sequenced genome can be contained in a CD, we may take the latter out of

the pocket and claim: ‘‘Here is a human being: it’s me!’’. At the present day, we suspect that no

biologically informed and philosophically critical scholar could rationally support any form of genetic

essentialism, and therefore we do not devote much time to objecting to it. Incidentally, the entire content

of this paper could be seen as a ‘‘long argument’’ against genetic essentialism. Note, however, that if it

were true that the identity of a living being cannot be reduced to its genes, ‘genetic identity’ is not a void

concept, since it refers to that kind of identity that relies only on the genotype. For example, two

homozygotic twins are, at least in the first stages of their life, genetically identical. Note that genetic

essentialism can be objected in a variety of different ways and from several different perspectives; for

instance, see (Lewontin et al. 1984; Berkowitz 1996; Mauron 2003; Hauskeller 2004; Boniolo and

Vezzoni 2006).
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words, with the fact that this embryo, for example, and that adult are the same living

being considered at two different times. Therefore, the persistence-problem has

nothing to do with (1) the identification-problem (or evidence-problem): this pertains

to forensic sciences, not biology or philosophy, since it concerns the properties by

means of which we can identify that particular living being; (2) qualitative identity:

this regards the possibility of possessing all the same properties over time, which

cannot occur with living beings since they change over time, as through development

and aging. Therefore, no living being remains qualitatively the same.2

Over the years, both the who-problem and the persistence-problem, particularly

related to humans, have been at the centre of an intense debate, due to their relevance to

metaphysics, ontology, philosophical anthropology, and applied ethics (especially

bioethics). A number of solutions have been proposed for both problems (see Olson

1977). For example, if the question ‘‘Who am I?’’ is answered with ‘‘I am my higher

mental functions’’, as the supporters of the so-called psychological approach claim,

then facing the persistence-problem means finding a criterion concerning a suitable

type of psychological continuity (memory continuity, consciousness continuity, etc.).

On the other hand, if the same question is answered with ‘‘I am my body’’, as the

supporters of the bodily approach claim, then dealing with the persistence-problem

means searching for a criterion regarding the bodily continuity. Needless to say, in

between these two radical positions stretches an array of alternative approaches. Both

positions, however, suffer from severe weaknesses, as emerges from the extensive

debate on them (see Noonan 1989; Olson 2003; Parfit 1984; Shoemacher and

Swinburne 1984; Strawson 1959; Unger 1990; Wiggins 2001; Boniolo and Carrara

2004). The details of this debate are beyond the scope of this article, but it is worth

recalling that the psychological faction has to face the objection that accepting this

approach implies that a human does not persist or does not begin to persist if its memory

or consciousness ceases to work, or never starts working, respectively. Consequently, a

fetus has not yet begun persisting, and a man in persistent vegetative state has stopped

persisting: a position that attracts considerable opposition on both deontological and

consequentialist grounds. The bodily approach, instead, even if it seems to work well

with the living beings of many species, falls short with the living beings of the species

Homo sapiens, since here the bodily continuity seems to be too poor to be accepted as a

criterion. Usually, it is said that we—humans—are ‘‘more’’ than our mere body.

It is to be noted that the discussion becomes even more complex when it intersects

the debate concerning personhood. That is, if the who-problem (‘‘Who am I?’’) is

answered with ‘‘I am a person’’, we are forced to tackle one of the thorniest

philosophical (but also religious) questions (see Boniolo et al. 2007): ‘‘What is it to

be a person?’’, namely, ‘‘What does personhood mean?’’. This is an intricate issue at

the centre of a great controversy that we accurately avoid: as mentioned, we focus on

the identity of living beings and this does not require the concept of personhood.

2 In other words, the persistence-problem regards the following question: ‘‘Which is the set of

r-properties (p1, …, pr) of a living being A, such that if (p1, …, pr)
t : (p1, …, pr)

t’ then At : At’, where t’
and t indicates two successive times (t’ [ t) at which the set of properties and the living being A are

given?’’. Of course, here there is an existential quantification over the properties (Ap: pt : pt’ ?
At : At’). If we were dealing with qualitative identity, we would have a universal quantification over the

properties: Vp, pt : pt’ ? At : At’.
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A last note before beginning; many scholars seem to have forgotten what Locke

(1690, Book IV, Ch. III, § 7, 541–542, our italics) warned: ‘‘I think not only, that it

becomes the Modesty of Philosophy, not to pronounce Magisterially, where we want

Evidence that can produce Knowledge; but also, that it is of use to us, to discern how

far our Knowledge does reach’’. Most have abandoned philosophy rooted in

‘‘evidence’’, that is, in scientific research, and have decided to switch to philosophy

rooted in science-fiction. So they have decided to face questions like: ‘‘If A’s brain, or

brain cortex, is transplanted into B, who is A? If half A’s brain cortex is transplanted

into B and half into C, who is A? If A’s brain lay on a table in an anatomical theatre

and if it is kept alive by artificial supports, where is A? If there is a tele-transporter ray

that dissolves A here and now to reconstruct it in another place and in another time,

what about A? If A’s mental contents are totally transferred by means of a strange

machine to B, who is A?’’. Is this a meaningful way of posing such problems? Could

we really neglect, in the case of the supposed transplantations, the problems

concerning immunological compatibility and the related questions regarding the

identity of immunological phenotypes? Could we really disregard, in the case of tele-

transportation, the simple fact that the laws of physics prevent it? Summing up, could

we really do philosophy, while not taking contemporary science seriously?

This science-less (but science-fiction-full) philosophy has been severely criticized

both by scientists (e.g., Bernat et al. 1981) and by philosophers (e.g., Wilkes 1988).

We share this critical point of view, and for this reason we prefer to follow Locke’s

indications and reinstate our trust in the modesty of philosophy. In particular, we want

to show how one of the most active fields of inquiry in contemporary biology, namely

epigenetics, can help us reach a satisfactory answer to both the who-problem and the

persistence-problem. Thus, in what follows, we inquire into which properties

concerning living beings allow us to successfully address both the who-problem and

the persistence-problem, while, on the one hand, leaving aside science-fiction and, on

the other hand, strongly relying on empirical knowledge. Summing up, we wish to

offer an empirically sound theory of the identity of living beings.

3 The Biological Frame

In a nutshell, the reason why epigenetics is foundational to the notion of identity is

that it traces, in molecular detail, the relationship between genes and environment

that underlies the development and maintenance of features in living beings.

Moreover, it enables us to comprehend this relationship over time. Thus, it provides

the molecular framework to answer both the who-problem and the persistence-

problem. It is therefore important to start with the definitions of the concepts that we

will be using (see Pigliucci 2001; West-Eberhard 2003).

3.1 Phenotype

By ‘phenotype’ we mean the traits of a living being that arise through the interaction

between its genome and its environment. Following the line of thought from evo-

devo biology, we can group these traits into units or modules (modularity of the
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phenotype), which are understood as parts of the whole phenotype, as we call it. To

be more precise, by ‘whole phenotype’ of a given living being we intend all those

phenotypic modules (the metabolic phenotype, the immunologic phenotype,3 the

nervous phenotype, the behavioral phenotype, etc.) that combine to make that living

being what it is at a given time of its development. Note that even if each

phenotypic module can be considered independently by means of a heuristic

abstraction, none is really independent of the others since all phenotypic modules

are strictly connected to make up what we have called the whole phenotype.

3.2 Environment

By ‘environment’ we mean a compartment of physical reality that, in the epistemic

framing of molecular biology and in relation to the epistemic entity we are focusing

on (be it a gene, a cell, or an entire living being), can be understood and

experimentally probed as distinct from that entity and as having an influence on it

that is amenable to our analytical tools. Thus, for a gene, the cell will already

constitute an environment; while for a cell, the first level at which it is meaningful to

assess an environment, is the population of cells and the extracellular matrix within

which that cell resides. For a living being, environment starts from the outer layer of

its body, encompassing the ecosystem of microorganisms that create the microat-

mosphere of that very layer, and reaches out to the entire slice of the physical world

that is relevant to it. Hence, while radiations from the sun are elements of the

environment that are common to all living beings of the earth, a snow storm in Alaska

is not an epistemically meaningful environmental element for a crocodile in Egypt,

though we could in theory trace the flow of molecules from the Alaskan snow-flakes

to the Egyptian sunsets. Conversely, at the other extreme of our analytical gaze, a

gene on chromosome 2 may well be conceived as an environmental element for

another gene on chromosome 7, since the two can be meaningfully distinguished

from each other and their reciprocal influence investigated. But by the same token,

although in a single nucleotide one atom of carbon is surrounded by many other

atoms to which it is covalently bonded, we will not ascribe to those other atoms the

epistemic status of environmental elements for the carbon atom, because in the

epistemic framework of molecular biology, it is neither relevant nor experimentally

possible to disjoin these elements.

3.3 Development

By ‘development’ we mean all the changes to a living being’s whole phenotype, or to

one of its phenotypic modules, over its lifespan. In this way, we emphasize both a non-

adult-centric and a non-teleological idea of development. Development is not to be

intended as the process towards the adult stage of a living being, but any phenotypic

change starting from a preceding phenotype during its lifespan. That is, as evolution is
a process from a given biodiversity and not a process toward a given biodiversity, so

3 There is also an interesting renaissance of the immunological identity analysis (cf. Pradeu 2009). As we

will see, our approach encapsulates it.
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development is a process from a given living being’s phenotype and not toward a given

phenotype. This approach implies that any time we have development, we have a

change from a preexisting phenotype: we will return to this point when we deal with

the beginning of a new living being and the so-called ‘intermediate phenotype’.4

3.4 Epigenetics

The definition of epigenetics is complicated because the noun ‘epigenesis’ and the

adjective ‘epigenetic’ have been defined in several different ways over the centuries

and since their reintroduction in the biological field in 1942 (see Waddington 1942;

Holliday 1994; Jablonka and Lamb 2002; Wu 2002; Allis et al. 2007). From today’s

perspective, we can highlight three meanings of epigenetics. The first and most
shallow meaning refers to a simple etymological account of ‘epigenetic’: every

process that is ‘epi’ (i.e., above) genes. In its shallowness (for virtually everything in

a cell can be said to be impinging on genes, and thus of being in some sense above

them) this minimal account does imply much of what was entailed in Waddington’s

original definition, namely, the search for the causal mechanisms through which

genes bring about phenotypes (Haig 2004). The shift in the locations of causality is

key here. What is ‘epi’ in ‘epigenetic’ is precisely the array of mechanisms that

operate on genes, above the level of the nucleotide sequence, to enable the

unfolding of phenotypes. In this framing, an ‘epigenetic process’ is that causal

process that proceeds through the activation or repression of the expression of

certain genes and that acts as a relay between environmental signals and the inert

potentiality encoded in the DNA. The second meaning of epigenetics is closely

linked with the first and focuses on chromatin biology and DNA methylation. It

could be referred to as intragenerational epigenetics because it describes, in a single

cell generation, the relay mechanism that connects environmental stimuli to the

regulation of chromatin and DNA methylation. The former is the complex and

highly dynamic network of DNA, RNA and proteins packed together in

chromosomes within cell nuclei of unicellular or multicellular eukaryotes. This

includes also DNA methylation, i.e., the addition of a methyl group either to

cytosine or to adenine (two of the four DNA bases). At this point it is worth

emphasizing that epigenetics is not relevant only to multicellular living beings, but

also unicellular organisms. Firstly, it should be recalled that the great progresses

made in epigenetics have been heavily grounded on experiments performed on

Schizosaccharomyces pombe and Saccharomyces cerevisiae, two yeasts, i.e.,

unicellular living beings (see Pirrotta and Gross 2005; Verstrepen and Fink

2009). Moreover, it is even more trivial to bring to memory how important another

4 Note that there are many different definitions of ‘development’. For example, ‘development’ can be

meant as the set of modifications occurring in a living being from its zygote stage to its adult stage or to

its sexual maturation. We accept the definition proposed by those evo-devo biologists (for instance,

Minelli 2003) who consider development as the set of modifications occurring over the entire life span of

a living being. Some could object that the more correct term should be ‘ontogeny’. Actually there exist

many different definitions also of this term. According to some authors, the two terms could be

superimposed; according to others, ontogeny has to do with both origin and development. In this case, the

development of a living being would be a sub-period of its ontogeny.
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unicellular living being, i.e., Escherichia coli, has been to grasp the machinery of

DNA methylation. Finally, the third meaning of epigenetics (we could term it

intergenerational epigenetics5) refers to all those phenomena, in particular DNA

methylation and selected histone post-translational modification, that are persistent

over many generations (of cells or entire living beings) independent of the

underlying DNA sequence. This insight emerged from historical experiments in a

variety of living beings, which shared one feature in common: cells with the same

genotype could have different phenotypes, and these phenotypes were stable over

many generations. It should be evident that this is a stronger notion of epigenetics.

Here, a process is epigenetic not only in the sense that it operates above and on

genes, but in that it proceeds despite them. Phenotypes are established in a parental

cell or in a parental living being, no doubt through the interplay of genetic and

environmental factors, but when the cells or the living beings reproduce, these

phenotypes persist notwithstanding the fact that the original genetic sequence,

which contributed to that phenotype, may have meanwhile changed, or been

replaced, or simply lost.

It is clearly beyond the scope of this paper to delve into the epistemic problems

arising from the co-existence, especially within the scientific community, of these

different understandings of epigenetics. However, it should be clear that epigenetics

allows us to understand, at a molecular level, how the environment affects the genome

to produce a given phenotype, since it deals with the non-linear and multi-causal

cascade of molecular events that, on the one hand, (1) regulates gene expression and,

on the other hand, (2) ensures DNA-independent phenotypic stability across

generations of cells, or living beings. Together, these two partially complementary

insights will enable us to develop biologically grounded answers to our two problems:

(1) ‘‘Who is that living being?’’ (the who-problem); ‘‘It is its whole phenotype intended

as the cumulative result of the epigenetic processes that have regulated its gene

expression in relation to environmental signals’’; (2) ‘‘What allows us to claim that a

given living being remains the same over time?’’ (the persistence-problem); ‘‘It is its

whole phenotypic continuity, due to the continuity of its epigenetic processes’’.

We turn now to examine in greater detail these two answers in order to provide

support for them.

4 Grounding Identity on Epigenetics: How to Tackle a Philosophical Question
Via Empirical Science

4.1 Intragenerational Epigenetic Processes as Mechanisms Making

up the Whole Phenotype

The nucleotide sequence of a living being’s genome has the potential to encode

RNA molecules, some of which are translated into proteins. The architecture of

5 Here, we should pay attention that an intergenerational process can be among successive generations of

cells either belonging to a given organism (in case of multicellular living beings), or being themselves an

organism (in case of unicellular living beings). But it can be also among successive (multicellular)

organisms.
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cells, their metabolism, their specific function within the context of a tissue or

organ, their aging, etc.: all these processes unfold through the activity of proteins

and RNAs encoded in the genome. Yet, even the simplest unicellular living beings

(be them prokaryotes or eukaryotes) have evolved to regulate these processes in

response to the changing environmental milieu, which ultimately translates into the

ability to generate, from within the entire complement of proteins and RNAs

potentially encoded in the genome, only certain subsets and in certain amounts. The

exponential increase in this very ability to regulate the expression of the potential

encoded in the genome has enabled the evolution of complex multicellular living

beings. In these, all cells (with few noted exceptions) share the same genome, yet

their functions diverge widely during development. This divergence is the result of

the combinatorial use of different subsets of proteins and RNAs, in widely different

amounts, in different cell types, and in different moments in time. Clearly this

combinatorial regulation occurs at many levels: genes must be transcribed at certain

rates, these transcripts must be processed and translated with certain degrees of

efficiency, and the final products must be sorted in certain amounts to specific cell

compartments. Yet, also given the temporal sequence of these events, transcription,

and the concomitant processing of transcript, are clearly central points of regulation.

Hence, as already seen, epigenetics deals with those processes that, while often

triggered outside of, or at the surface of, the cell, regulate transcription and RNA

processing within the context of chromatin.

In chromatin, DNA is packaged around nucleosomes, each composed of two

copies each of the histones H2A, H2B, H3, and H4. Nucleosomes are not only

architectural devices for genome packaging, since they can also be chemically

modified, mostly on their protruding tails, by a variety of enzymes that add or

remove, in a tightly regulated fashion, specific chemical moieties (acetyl, methyl,

phosphate, ADP-ribosyl, ubiquitin, and others). The distribution of nucleosomes

along the gene, and the array of histone post-translational modifications, add a

significant level of combinatorial complexity. Different parts of a gene, or different

regions of a chromosome, can be differentially enriched in nucleosomes. Moreover,

in each nucleosome, individual histones can be simultaneously modified on several

residues, and the effects of these modifications can influence each other’s effect.

The effect of these post-translational modifications is that of translating the linear

‘‘information’’ (see Boniolo 2003) encoded in DNA into three-dimensional and

operational content. Post-translational modifications make histones into docking

sites for other proteins, which eventually assemble complex multimeric effector

complexes that transcribe genes and process their transcripts. That is how the linear

string of nucleotides in DNA is changed into a three-dimensional platform; and that

is why when this occurs, the potential encoded in the genome is actualized in a

concrete biological output (which gene to transcribe, how much of it per unit of

time, how fast to process it and so forth). Finally, besides the positioning of

nucleosomes and the panoply of histone post-translational modifications, a third

general mechanism of regulation involves the methylation of DNA itself on the

cytidine nucleotide, a process that brings about a repression of gene transcription.

Also in this case, we have enzymes that catalyze the addition and the removal of the

methyl mark.
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This molecular description is relevant for our approach to the who-problem, since

it grounds the latter on the ‘‘epigenetic history’’ of that particular living being. We

know that the who-problem concerns the numeric identity of a living being in a

particular time-slice, but that numeric identity in that time-slice is totally due to that
living being’s past epigenetic history. Therefore, we can safely claim that a living
being, in any instant of its life, is nothing but the result of all the epigenetic

processes that, in the course of time, have (linearly or non-linearly) causally molded

all of its interrelated phenotypic modules (be they metabolic, immunological,

nervous, behavioral, etc.); i.e., in any instant of its life a living being is its whole

phenotype intended as the outcome of its epigenetic history.

4.2 Intergenerational Epigenetic Processes as Mechanisms Enforcing the Whole

Phenotypic Continuity

The biochemical cascades sketched above (centered around the methylation of

DNA, and the positioning and modification of nucleosomes) also subsume the

second meaning of epigenetics that is relevant to our argument, that is,

intergenerational epigenetics, which is concerned with the phenotypic inheritance
across generations of cells or living beings (see, Jablonka and Lamb 2005; Mameli

2005). When cells divide, daughter cells do not only inherit DNA from the mother

cell, but an entire set of cellular compartments, metabolites and preassembled

macromolecular complexes that establish the continuity of matter between mother

and daughter cells. For far too long, the almost exclusive focus on the genome as the

molecule of heredity blinded the analysis to the importance of other molecular

mediators of heredity. This is where epigenetics comes into play, again through the

link between informational content encoded in the genome and actual deployment

of that content once the genome is expressed. We now know that the identity of a

cell is not reset at each division. When, for example, a hematopoietic progenitor

divides, the two new cells do no start off from scratch in terms of their genome-wide

expression, rather they inherit the gene expression pattern from the mother cells that

already constrains their developmental choices along the existing trajectory. The

evolutionary advantage of this intergenerational inheritance is evident. In fact, it

would be conceptually impossible to imagine how multicellular living beings could

have evolved, if at every cell division the developmental history of the previous step

were erased and each new generation should achieve a new functional identity. In

such a scenario, we would have simply no development, no ordered growth of

tissues and living beings, in space and time.

Results from the beginning of epigenetics research provide still today the conceptual

framework to understand the epigenetic component of cell inheritance. The body plan of

the fly is set very early on in development, through the compartmentalization of the

embryo via maternally inherited factors that will then prime different gene expression

patterns in different stripes of the embryo. The identity of body segments (i.e., the fact of

having a wing or an antenna) is a legacy of these early developmental choices. Yet, when

the body segments acquire their final shape, when wings or antennae form as a result of a

specific gene expression pattern, the maternal factors that primed those patterns initially

are long gone. Cell numbers have vastly increased over many rounds of cell divisions,

The Identity of Living Beings 287

123



yet the identity of body segments and of the cells that compose them remains stable. In

the pioneering age of Drosophila genetics, striking mutations were identified in which

this process went awry: body segments were initially correctly established, but they

failed to be maintained during development (Kennison 1995). The names given to these

mutations, such as ‘trithorax’ (literally three chests) or ‘polycomb’ (multiple sex combs,

one of the mating organs of the fly) are still in use today. About five decades later, we are

now recomposing the picture. The factors identified by those mutations, in whose

absence the maintenance of developmental fate was lost, are chromatin proteins that

mediate, together with many other proteins, the biochemical steps (post-translational

histone modifications, DNA methylation, etc.) that allow gene expression. We also

begin to understand, therefore, how a given expression pattern can be maintained across

cell division. The status of DNA methylation, for example, can be copied faithfully from

the parental generation to the filial one, and the same is true for some of the post-

translational histone modifications, though we still lack a coherent picture of how this

occurs. Thus, when two daughter cells inherit the genome from their mother cell, this

genome is already partially programmed, it carries already at least one layer of

additional information about what genes to activate, at what rate and so on.

Development can then be understood as a process of gradual specification of cell

structures and functions, rooted in the molecular mechanisms that ensure the

transmission of gene expression regulation from one generation to the next.

Importantly, the fact that cell structures and functions are grounded in processes that

are reversible (nucleosomes can be repositioned, post-translational histone modi-

fications can be removed and re-added, etc.) also enables these processes to be

plastic and responsive to environmental cues. At each cell division, in other words,

daughter cells do not only inherit the epigenetic state from their mother cell, but

they also change it further, progressing in development through new epigenetic

modifications that the mother cells had not yet set in place. It is then this gradual

deployment of fates that is most relevant for the persistence-problem. At each

temporal slice of development there is the actualization of a particular whole

phenotype that is both the basis of the whole phenotype, which will be actualized in

the next time slice, and the arrival point of the preceding whole phenotype, which

has been actualized in the previous time slice.

By taking all of this into account, it should be evident that the persistence over

time of living beings is granted by the fact that there is continuity in the passage

from their whole phenotypes instantiated at a certain time-slice to their whole

phenotypes instantiated at another time-slice. Moreover, now we know that this

continuity in the changes of the whole phenotype is the effect of the continuity of

the epigenetic processes that, step by step, have molded the various and interrelated

phenotypic units that constitute it.

That is, we can affirm that the future being that ‘‘inherits’’ its whole phenotype

from us and the past being whose whole phenotype we ‘‘have inherited’’ is the same

living being. That is, given a living being, the criterion for the persistence of its

identity through time is to be indicated in the whole phenotypic continuity, which,

in turn, is grounded in the continuity of epigenetic processes that have regulated

gene expression starting from within the gametes from whose fusion that living

being originates.
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5 Possible Objections and Counter-Objections

Up to now, we have defended, by means of a posteriori arguments arising from

molecular epigenetics, our solutions to the who-problem (any living being in any

time-slice is the outcome of the epigenetic processes it has experienced until that

time) and to the persistence-problem (the persistence of any living being through

time is granted by the continuity of its epigenetic processes). We will now look at

some possible objections that could be moved to our proposal. In so doing, we have

also the opportunity of better clarifying our approach based on epigenetics.

5.1 Are Our Problems the Same as Those Faced by the Metaphysicians?

Some could argue that we position ourselves on a purely empirical level, while the

who-problem and persistence-problem have to be situated on a metaphysical level.

There is a partial truth in this objection. Our arguments are a posteriori and

strongly rely on empirical knowledge. But this does not mean that we are falling

into a categorical fallacy, as when the problems are metaphysical and the answers

empirical (or vice versa). Our two problems per se have neither a metaphysical

nuance nor an empirical one. Both of them can be formulated in a neutral language.

It is the entire set up (problems plus answers and justifications) that can be

metaphysical or empirical. If we try to solve them by means of a priori arguments,

we could have a metaphysical theory of identity, as, for example, Parfit, Strawson

and Wiggins proposed. Differently, if we try to solve them by means of a posteriori

arguments, in particular, epigenetic arguments, we have an empirical theory of

identity, just like the one we are presenting.

In this division there is no judgment of value since we do not claim that the latter

is better than the former (and vice versa). They tackle the same issue from different

perspectives and both deserve to be explored. Moreover, we do not state that the

a posteriori framework we are presenting is valid in any empirical field. Needless to

say, it is not valid, for example, for quantum objects, like bosons or fermions, where

identity questions have to be framed into a rather different philosophical and

scientific context. Nor is it valid for commonsense objects, like chairs, tables or cars.

It works only for living beings, the kind of entities we are interested in.6

Summing up, we do not propose a metaphysical theory of identity, but an empirical one,

in particular a biological one focused on epigenetic processes. Yet, of course, this does not

mean that we are proposing an anti-metaphysical approach. We are simply showing a

different perspective on a theme that is normally approached metaphysically.7

6 Certainly one could ask what we intend by ‘living being’. On this issue, see Boniolo and Di Fiore

(2008).
7 On the other hand, this ‘‘alternative’’ perspective based on empirical sciences has a long history and is

raising a renewed interest in the philosophical community, as evidenced by the recent analyses of

boundaries (Boniolo et al. 2009) or causation (Boniolo et al. 2011). Of course, this approach does not

deny any possible metaphysical commitment. There could always be metaphysical presuppositions in a

scientific theory and in an epistemological perspective, as has been clarified by the debate on the

relationships between science and metaphysics made almost 40 years ago by philosophers such as K.

R. Popper, J. Agassi, J. Watkins, W. W. Bartley III, Th. S. Kuhn, and P. K. Feyerabend, etc.
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5.2 How Do We Account for the Passage from the Two Whole Phenotypes

of the Parental Gametes to the Whole Phenotype of the Resulting Zygote?

It could be said that if we really want to propose a solution of the who-question and

of the persistence-question in terms of the whole phenotype and its continuity, we

should also address the passage from the paternal and maternal phenotypes to the

single offspring phenotype.

Let us consider the case of humans and of a specific sperm that binds to the

human species-specific ZP3 glycoprotein on the egg’s zona pellucida. Before that

interaction that sperm and that egg should be considered as two different whole

phenotypes (cell phenotypes, independent of whether the interaction is happening in

the context of a living being, as in natural reproduction, or in vitro). From the

moment of interaction and up to the end of the fertilization period, that is, up to the

formation of the new zygote, which is a new single whole phenotype, we have an

approximately 24-h long period in which the two original phenotypes give rise to

the new one. We can call the phenotype that originates from the union of the

maternal and paternal phenotypes and that changes into the zygotic phenotype, the

intermediate phenotype. This phenotype is mostly the result of the maternal

mitochondria, organelles, ribosomes, proteins, mRNA, hormones, etc. plus the

maternal haploid genetic content and the paternal haploid genetic content, each of

them carrying some pre-set epigenetic modifications.

Therefore, there is no break in terms of phenotypic continuity: starting from the

interaction between the parental gametes, each developmental process is contin-

uously built upon a preceding phenotypic organization. By the way, also the

interacting gametes are in turn rooted in the extensive genome programming that

prepared their fate since the very early stages of development of the individuals who

have then become, in this example, the mother and father of the zygote we are

considering. Thus, the egg is full of maternally inherited factors that play a key role

in resetting gene expression upon fertilization, as in the case, for example, of the

massive demethylation of paternal DNA and a host of other epigenetic modifica-

tions that enable development of the zygote.

In the end then, the intermediate phenotype, the zygotic phenotype and the

following ones are all stages in an epigenetic chain that underlies, at one and the

same time, the continuity of phenotypes, their stability, and their exquisite capacity

to respond to environmental signals.

Of course the boundaries of the time periods in which each kind of phenotype (be

it intermediate, zygotic, etc.) unfolds are vague, but, as we know, vagueness is an

epistemic feature we must live with (Boniolo and Valentini 2008). These boundaries

are also, to an extent and inevitably, arbitrary, in the sense that as with all

phenomena that unfold through continuous gradients, the attribution of ontological

autonomy entails by necessity a choice by the observer as to what features warrant

the granting of that autonomy. But this inherent degree of arbitrariness should not

lead to a fundamental, if sterile, skepsis on the possibility of attaining rational

boundaries. For precisely by grounding our reasoning on empirical data it does

become possible to identify meaningful thresholds of significance (see Boniolo et al.

2009). Thus, for example, in the process that leads from the whole intermediate
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phenotype to the whole zygotic phenotype, which will then proceed through

embryogenesis (aptly referred to as the maternal-to-zygotic transition), the onset of

zygotic transcription appears like a plausible watershed that marks the ‘autonom-

ization’ of the zygote’s whole phenotype. Historically, the term ‘zygotic transcrip-

tion’ emerged in order to distinguish the zygotic features that relied on proteins pre-

synthesized in the egg from those that relied on the newly established activation of

the zygotic genome (and hence of the newly established combination of maternal

and paternal genes) (Tadros and Lipshitz 2009).

Clearly, also the onset of zygotic transcription is a process more than an event,

and for the reasons exposed above, we are far from positing for the genome, even

the zygotic one, a causal primacy to be probed in isolation from the regulatory

events that molded its ‘agency’ to start with. Yet, with all due epistemic caution, it

does seem sensible to recognize the epigenetic cascades consequent to the

interaction between the two parental gametes, which have molded the newly

assembled zygotic genome and triggered its own activation, as the transition to a

new whole phenotype that can now operate through a partially autonomous circuit

of internal resources.

Above, we have faced a possible objection dealing with sexually reproducing

living beings. Needless to say, this does not mean that our approach is limited to

them. Mutatis mutandis, a similar analysis can be made for non-sexually

reproducing living beings.

5.3 How Do We Account for the Identity of Derivatives of One Living Being

that Continue Living Disjoined from that Original Living Being?

As of today, this question concerns two types of entities: cells or tissues that live in

vitro and cells, tissues or entire organs that live inside the bodies of living beings

other than the ones from which they were originally sourced. Though seemingly

different, these two types of entities are actually similar because they both share,

with respect to the individual from which they derive, one decisive feature: a genetic

identity vis-à-vis a break in the continuity of the epigenetic trajectory. For, as soon

as a cell or an entire organ is taken from a living being and placed into a different

context (be it a Petri dish or another living being), it is clear that the original being

and its derivative cease to have the same epigenetic history. They will experience

different interactions with the respective (very probably totally different) environ-

ments, and for the reasoning developed above, the identity of genotypes between

these two living entities will mean nothing with respect to the question of their

identity because their whole phenotypes will be molded through distinct epigenetic

chains of molecular events that operate through, and hence dissolve, the meaning of

that initial genetic identity. Even in the admittedly surreal thought experiment of a

living being occupying a very common space (say the same room) with the cells

sourced from its body, it will still hold true that these two entities have distinct

identities, because even in the context of the ‘same’ environment the reactions of the

‘same’ cell type within and outside a living being are bound to be different, at least

to some degree. By the way, note that this is a strong empirical argument against

genetic essentialism.
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This point is exemplified further in one of the most spectacular developments of

modern biology, the possibility to reinstate pluripotency in terminally differentiated

somatic cells through the addition of only a handful of genes (the transcription

factors Oct4, Sox2, Klf4 and c-Myc or other combinations that continue to be

validated) (Takahashi and Yamanaka 2006). In this process, a fibroblast is turned

into an induced pluripotent stem cell (iPSC) whose ability to contribute to different

lineages can then be probed experimentally in vitro and in vivo. In the latest twist to

this development, it was recently shown that these iPSCs can be fully equivalent to

embryonic stem cells (ESCs) even in the most stringent pluripotency test, namely

tetraploid embryo complementation (Boland et al. 2009; Kang et al. 2009; Zhao

et al. 2009 and for a commentary see Testa 2009). In this assay, ESCs or, now,

iPSCs are placed in a tetraploid blastocyst (a chromosomally abnormal embryo

unable to contribute to the embryonic tissues, but proficient in generating

extraembryonic lineages like the trophectoderm [a component of the placenta]) in

order to interrogate their capacity to give rise to an entire animal ‘by themselves’

(using the tetraploid tissues as mere support). Thus, with the success of these

experiments, we can now say that a fibroblast can be turned into an iPSC and this

into an entire animal, thereby closing the loop of reconstructed pluripotency. Within

the perspective of its applications for regenerative medicine, it is clear that an

account of this process is bound to emphasize the genetic continuity between the

donor of the original fibroblast (at once also a prospective patient) and the iPSCs.

The possibility that from these iPSCs a new individual could be generated entirely

identical to the first (more so in fact than in the case of somatic cell nuclear transfer)

is bound to reignite the bioethical worries that followed Dolly’s appearance on the

public scene. But at closer scrutiny this account appears rather shallow or at least

incomplete. For we now know that the (rare) conversion of a fibroblast into an iPSC

is the stochastic result of an epigenetic process that is, to be sure, triggered by the

four transcription factors, but is then progressively selected and hence refined by the

culture conditions adopted. Even when we probe an iPSC in a tetraploid blastocyst,

we are still probing in this in vivo assay a collection of them and thereby inevitably

selecting those that, through the final epigenetic kick that unfolds within the

blastocyst itself, will manage to give rise to an entire animal. Thus, despite the

underlying genetic continuity, we are indeed dealing with at least three distinct

epigenetic histories (the living being, the iPSCs sourced from it, and the genetically

identical living being obtained through their tetraploid embryo complementation),

related to be sure to each other, but clearly distinct for the reasons exposed above.

Hence, these three living entities can retain their individual identity precisely

through an understanding of identity rooted in epigenetics, thereby showing, in this

that is arguably one of the most challenging examples for any theory of identity, the

robustness of the theoretical framework we propose.

5.4 How Do We Account for Mental Functions?

There could be some who could argue that a human being is its mental functions, in

particular, its higher mental functions (consciousness, self-consciousness, memory,

etc.), and that its persistence is warranted by the continuity of such higher mental
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functions. This could be, but we want to stress that, as far as we know, we have such

higher mental functions only because we have the suitable nervous phenotype,

which is a module of our whole phenotype. This does not mean, of course, that we

want to reduce everything to biology, but only—and this should be a platitude—that

we cannot have higher mental functions without the suitable nervous phenotype, as

the cases of the anencephalic infants and of persons in persistent vegetative state

indicate.

If this is accepted, and we do not have any empirical evidence against it, it should

follow that the psychological approach to both the who-problem and the

persistence-problem should be incorporated in our epigenetic approach. The

psychological continuity could be rethought in terms of continuity of the nervous

phenotype. On the other hand, also in this case, epigenetic processes have a pivotal

role in the continuous changes from a preceding nervous phenotype to a new one,

being the nervous phenotype just one out of the many phenotypes constituting the

whole phenotype of a living (in particular, human) being.

As we have recalled, the epigenetic regulation of gene expression is not only a

feature of embryonic development, but is a prerequisite also for the stability of

lineages over time. Cell types need not only to be generated, but also maintained.

This is true, and perhaps even more relevant, also for postmitotic cells. Neurons, for

example, represent the terminal progeny of neural precursors that proliferated

extensively to assemble the nervous system. This process entails an extreme

specialization of cell functions that needs to be maintained long after most neurons

have reached their final maturation and come to perform a unique function in the

brain. But let us recall some points of this development in humans.

More or less at the beginning of the third week from fecundation, gastrulation

starts. There is a reorganisation of the embryonic cell mass and the formation of

three germinal layers. The outer, the ectoderm, gives rise, beyond the epidermis and

the sense organs, to the nervous system. From that moment, the process that will

lead to the cerebral cortex begins. It is characterized by (1) neural induction: the

first proto-nervous differentiation of some ectoderm cells (see, Wilson and Edlund

2001); (2) neurogenesis: neuron formation and proliferation from a layer of the

neural tube. It is worth noting that each neural cell precursor, the neuroblast, gives

rise to a finite number of neurons and that after a certain period neurogenesis

decreases drastically;8 (3) neuron migration: the new neurons are not in their final

position and therefore they migrate towards their final destination to form the six

layers of the cerebral cortex; (4) neuron apoptosis and differentiation: to give

structure and function to the developing cerebral cortex some neurons die in a

programmed way (apoptosis), while the remaining differentiate and mature; (5)

synaptogenesis: with maturation, dendrites and axons sprout from each neuron,

arborising it. The axons begin stretching to arrive at the right target to form the right

connection and, once arrived at their destination, they form a synapsis with a

dendrite of the target neuron. This is the most important step concerning the brain

8 It was thought that neurogenesis stops at a certain moment of foetal development. Yet it has been found

that it continues in certain brain areas throughout life (cf. Altman 1963; Eriksson et al. 1998;

Kempermann 2002).
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cognitive functionality. It has its peak at approximately 24 months of age, and it

stabilizes after about 9 years of age. It continues all through life, of course at a

different rate (see Kelsch et al. 2010).

All of these processes are clearly epigenetic (see, for example, Vaughn 2004; Ma

et al. 2010, and the monographic issue of Nature Neuroscience, 2010, 13, No 11)

and they contribute to brain plasticity, characterised by the fact that, along the entire

lifespan, some synaptic connections are created, some pruned, some reinforced and

others weakened.

So far, we have briefly sketched how brain development occurs by means of

epigenetic processes. It should be intuitively clear that these processes lead to the

formation of a brain structure (and brain functions) unique for each individual.

However, to conclude this part, a note concerning memory is worth making. As far

as we know, thanks to Brenda Milner’s seminal works in the 1960s, human memory

is thought of as a set of mnestic systems. In particular, the so-called implicit
memories (or non-declarative memories), connected with motor, visual and

cognitive capacities, which may be activated unconsciously, and the so-called

explicit memories (or declarative memories), which are the memories you can

declare since they refer to something that can be brought to mind, that is, something

we are conscious of (cf. Cohen and Squire 1980; Squire 1987; Sherry and Shacter

1987). Even if the processes leading to the development of the different memory

systems are not well understood yet, it seems quite clear that these processes are

strictly connected with changes in the synaptic connections, which can be described

in terms of epigenetic processes (see Levenson and Sweatt 2005).

Indeed, memory is one of the main functions of the brain, and again it can be

productively framed as a problem of epigenetic regulation. Hence, it is not

surprising that a growing number of studies are highlighting the central role of

epigenetics in the development and maintenance of neural states. One of the latest

and most striking concerns the investigation in humans of a phenomenon that had

long been established in rats, namely the long-term influence of parental care on the

function of the hypothalamus–pituitary–adrenal (HPA) system, the main axis in the

coordination of the stress response (McGowan et al. 2009). Epidemiological studies

have uncovered that, in humans, childhood abuse alters the HPA-dependent stress

response increasing the risk of suicide. A recent study by Meaney and colleagues

has now shed light on the molecular circuitry that underlies this long-term link

between early childhood events and suicide in adult life. They analyzed, from post-

mortem samples of suicidal victims with a history of child abuse, the expression of

neuronal genes involved in the HPA axis in the hippocampus and compared it with

equivalent samples from suicidal victims with no history of child abuse or controls

that did not die of suicide. The results showed that a specific variant of the

glucocorticoid receptor (GR) (a key player in the HPA axis) was expressed at much

lower levels in the hippocampus from suicidal victims who had been abused as

children, and, importantly, that this reduced expression was the result of the

methylation of the GR gene promoter. Clearly many other factors enter into the

probabilistic causal chain from child abuse to suicide. Yet what this research does

show with clarity is how epigenetic mechanisms, investigated in molecular detail,

can account for the two main features of a living being’s identity: the continuity and
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the plasticity. The adult who commits suicide today is on a continuous trajectory

with the child who was abused, and this continuous trajectory is shaped by the

plastic response with which his brain reacted to environmental insults (the

repression of the GR gene) and by the persistence of the outcome of that plastic

response over time (the methylation of the GR gene that extends throughout the life

of the neurons and the individual who they are part of) (on the same topic, see Lord

2009).

In conclusion, also when, while discussing identity, one takes into account higher

mental functions, epigenetic inheritance and the molecular mechanisms that mediate

it are central. Indeed, the formation of the cerebral cortex and the plasticity its

structure enables, is likely the area of inquiry that brings to the highest salience the

place of epigenetic processes in our understanding of identity (see Changeux and

Konishi 1987; Schlaggar and O’Leary 1991; Greenough and Black 1992; Nelson

1995, 2000; Singer 1995; Chan and Jan 1999; Greer and Greenberg 2008; Borrelli

et al. 2008).

6 Recalling the Answers to the Who-Question and to the Persistence-Question

If the above is correct, and as far as we know there are no biological counter-

examples, we can state our biologically grounded answers to our two philosophical

questions: the who-question and the persistence-question. Concerning the former,

we have argued that a given living being is its whole phenotype, intended as the

result of the epigenetic processes that have regulated the expression of its genome

up to that time-slice. Concerning the latter, we have defended the idea that the

criterion for the persistence of identity of a living being is to be indicated in the

continuity of its epigenetic processes, that is, in the continuity of its whole

phenotype.

Needless to say, this approach works for any living being belonging to any

species, and a fortiori for those belonging to Homo sapiens. As soon as we

particularize it to the given species, or to a particular individual of that species, we

have immediately a good answer for the living beings of that species, or for that

particular individual.

Certainly our argument does not solve any metaphysical question, but this was

explicitly not our aim. More simply, we wanted to propose an empirical (in

particular, biological) theory of identity for living beings (in particular, humans),

without science-fiction examples and without touching the personhood debate. In

this light, we make ourselves content instantiating the Lockian modesty of
philosophy, and thus offering an empirical perspective.

Finally, we wish to emphasize two conclusive remarks:

1. Through a detailed appraisal of the molecular dissection of living organsims,

our epigenetic approach shows once more that genetic essentialism is totally

unconvincing since it completely neglects all the intergenerational and

intragenerational epigenetic processes that, as we have argued above, are

fundamental to exhaustively grasp biological individuality.
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2. Our epigenetic approach illustrates that any attempt to understand biological

individuality starting from only one particular phenotypic module (immuno-

logical module, bodily module, nervous system module, etc.) cannot be but

partial and incomplete. For, as we have discussed, any individual living being

can only be conceptualized from the analytical lens of its own whole phenotype.
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