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SORTALS AND HUMAN BEGINNINGS
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When did I begin to exist? 


This is a question that has been asked many times in the past and is now asked again with renewed urgency. The reply I will give is certainly not new, but it will be reached invoking a piece of relatively recent evidence that I hope will also allow me to provide a fresh insight into the phenomenon of twinning. My main goal in this paper is critically to examine the thesis vigorously argued by Barry Smith and Berit Brogaard (S&B) that sixteen days after fertilization marks the inception of a human individual.


I shall first introduce some of the terms that I will be using. 

An adequate reply to the question about my beginning is a function of the proper sortal under which I fall. If “married person” is a proper sortal for me then I began to exist in 1963 (with the welcome consequence that my beloved wife began to exist at the same time I did). But “married person” surely stands for a phase sortal. It is a sortal such that someone who ceases to fall under it does not necessarily cease to exist. People, of course, exist before and after being married persons.

On the other hand, a proper sortal (or “substance sortal”, as Michael Lockwood calls it) is coextensive in time with the object that falls under it. Before beginning to fall under a proper sortal the object did not exist, and after it ceases to fall under this sortal it ceases to exist. To begin to fall under a proper sortal is called in Aristotelian metaphysics “generation” or “coming-to-be”, one of the two forms of substantial change. The other one is “corruption” or “passing-away.” For the change from one phase sortal to another, that is, for a change in non-substantial attributes, the term employed is “alteration”. I will use it in the broad sense in which it is not limited to the category of quality. Growth, for example, a change in quantity, will count as an alteration. Alteration does not entail loss of identity whereas substantial change does. A change that drastically modifies the nature of a thing will count as a substantial change.

Finally, I would like to add that I will call “thing” or “substance” something that can exist in its own right and “attribute’ or “property” something that can only exist insofar as it inheres in a substance. A person who walks is a substance, but walking is an attribute of a substance. Walking cannot exist by itself.

TWO SORTALS FOR HUMANS

Which then is the proper sortal under which I fall such that my own coming-to-be should be determined by reference to it? This is, of course, and for centuries has been, a much-disputed question. I will select what I take to be the two most prominent candidates that are put forward today.

(1) Some writers hold that we are “embodied minds.”
 Mind is usually associated with a standard list of attributes such as consciousness, self-consciousness, capacity to reason, freedom to choose, capacity to exercise responsible moral agency, etc. These attributes are also the ones that are taken to define personhood. I shall assume that the list is roughly correct although perhaps it could be made more precise by showing how these capacities “are… conceptually and not merely contingently associated”.
 I will summarily call them in what follows “the higher human functions.”


If I am an embodied mind, when exactly did I begin to exist? It is well-known that the replies given to this question vary widely, depending on when the onset of the capacity to exercise the higher functions (or at least consciousness) is taken to occur. One writer states: “When I think of myself as the person I now am, I realize I did not come into existence until some time after my birth” 
, while another one claims that “we do not begin to exist until approximately 28 to 30 weeks after fertilization – assuming that current estimates of when in the course of fetal development consciousness becomes possible are roughly accurate. This, of course, is well after our organisms begin to exist.”
 Perhaps even earlier estimates are possible given the advances in neurology. In a five week old embryo one can already discern the primordia of the cerebellum, part of the brainstem, the diencephalon and the cerebrum.
 This suggests that brain activity arises gradually so that it may be difficult, if not impossible, to determine a precise point in time for the beginning of consciousness. 

Be that as it may, I am more interested in the metaphysical implications of the embodied mind view rather than in resolving the dispute about the exact beginning of my existence. In fact, I don’t think it can be resolved at all under its assumptions.

First, we should note that on the view examined there are two instances of generation. One of them is the coming to be of the body or human organism at fertilization. The second one is the coming to be of the mind, and this is taken to be my coming to be. To say that the coming to be of the mind is an alteration of the human organism would be to misrepresent the position because it would entail that I existed already when the alteration took place. The mind, on the view under scrutiny, must begin to exist, as a substance in its own right, after the body. 

The presence of two instances of generation or substantial change suggests that the underlying ontology is akin to Cartesian dualism. Two substances, a mind and an associated body form one human individual. There is, of course, a crucial difference between the founder of modern philosophy and his would-be disciples. Descartes held that the mind, the res cogitans or “thinking thing” that I am, is an immaterial substance and hence immortal. Few of our contemporaries would follow him in that direction, I am sure. What some writers do is to identify the mind and the brain, with the result that we get a “brain-body dualism”. 

The difficulties that Cartesian dualism must face are well known. The coordination of the extended substance and the immaterial substance generates a host of problems that exercised some of the best minds of the early modern period, and it can hardly be said that they were solved. Moreover, the res cogitans, since it is totally independent of the biological process, must be created directly by God, and there would be no empirical evidence of its coming to be.

But brain-body dualism generates difficulties of its own. Since the brain, ex hypothesi, is a substance that comes to be after the body but is, on the other hand, a part of the body that depends on the over-all functioning of the body for its existence (a brief ischemic episode or failure of irrigation is enough to destroy it), we have what appears to be an incoherent position: the same thing is a substance in its own right and a dependent part of another substance in which it is fully immersed. Perhaps more refined formulations of this view are possible, but at present I find dualistic positions rather implausible in light of how I experience myself. 

In fact, I experience myself as a unified bodily agent who gets tired, walks, suffers pain, thinks, etc. and I find it strange to say that two tooth aches are in me, one in me and one in my body. On the other hand, if I report to you that my body is made of glass and is alien to me, and that at times I am Al and at times Cal, I trust that you will drive me to the nearest psychiatric hospital. I submit, in fact, that the vast majority of people, the ones not in a pathological state, view themselves as unified bodily agents.

The aforementioned reflections do not refute dualism. They just indicate some of the common-sense reasons I have to doubt that I am the juxtaposition of two substances. If it is unlikely that I am an embodied mind, what am I?

(2) To retain a bit of symmetry I will call the competing sortal “a minded body.” What I mean by this is that I am a body that underwent gradual physical alteration so that towards the end of childhood or some time later I gradually became capable of fully exercising the higher human functions. I surely did not begin to exist during that transition period. Although I do not remember anything about my earlier years, I have pictures of myself in my mother’s arms at about two months (plus her testimony) that make me quite confident that I was already in existence before my mind began to function.

This common sense picture matches quite closely the old Aristotelian substance sortal for a human being: zoon logon echon, “an animal that possesses lógos.” This last term I take to encapsulate the higher human functions.


If I am an individual that falls under the proper sortal “minded body” then it follows that I began to exist when my body began to exist, and this, we know today, happened at fertilization, that is, unless Barry Smith and Berit Brogaard are right. 


Before I get to their views I would like to examine first two arguments that have been invoked to oppose the view that human beings are human organisms. Michael Lockwood argues as follows:

“Human beings are not identical with human organisms, not because any sort of metaphysical dualism is true, but simply because human beings and living human organisms have different identity and persistence conditions. It is highly plausible, for example, to say that with brain death, the human being (and a fortiori the person) has ceased to exist. But so long as the heart continues to beat and respiration, digestion and other bodily functions are maintained, albeit with artificial assistance, the (same) living human organism persists: the human being is dead but the human organism lives on.”


There are several confusions surrounding this argument. I think it conflates the two types of so-called “brain death” that were distinguished by the President’s Commission in 1981.
 

(a)“Whole brain death” is a standard criterion for death because when it comes about the coordination of the over-all functioning of the body is destroyed and putrefaction ensues shortly thereafter. Bodies in this condition are sometimes put in a respirator for a few hours to ensure the oxygenation of vital organs for transplantation, but this does not mean that these are “living organisms.” If they were, the teams that retrieve those organs would be cutting into the bodies of patients that are still alive, a most gruesome consequence.

(b)“Higher brain death” or the loss of cortical function is different from “whole brain death.” Upon its occurrence, the patient continues to breathe spontaneously and her heart goes on beating, but she remains in a permanent state of unconsciousness. Putrefaction does not ensue. Such a patient is alive, is not terminally ill, and may continue to live as long as nutrition and hydration is provided. On standard criteria for “living organism” such a patient is alive. But, is the human being or the person alive? Lockwood’s reply is probably widely shared. He writes: “Suitable destruction of higher brain centres, coupled with maintenance of such lower functions, would in most people’s eyes mean that the living human organism remained, even though we were no more”
 Is it sensible to put our trust “in most people’s eyes” in these matters? Most people probably do not realize that the view that the person can die while the body remains alive involves them in an uncritical acceptance of metaphysical dualism. If I am a substance residing in another substance, then it could perhaps be true that I can die before my body dies. But this is highly doubtful.


My own view (derived indirectly from a statement of the American Academy of Neurology)
 is that it is more plausible to think that after the destruction of the cortex the person remains alive, although in a deep coma or state of permanent unconsciousness. One way to make this slightly more palatable could be as follows: a person who loses the cornea of both eyes because of illness or accident will become blind. She will not be able to exercise the capacity to see due to a severe lesion in her organs of sight. Imagine that corneal epithelial cell transplants have become successful, that the person undergoes transplantation, and can now see again. One could interpret her condition as a case in which the organism has retained what could be called the “deeper-lying faculty of sight” although the organ required to actualize it has been severely damaged. If the organ is replaced or repaired, the faculty can be actualized again. 

Imagine now the same situation for the cortex or higher brain. If the neurons lost because of hypoxic-ischemic encephalopathy could be replaced by deriving them from non-embryonic stem cells taken from the patient herself, it is not inconceivable in principle that the person could regain consciousness. If the organ has failed but is restored to its original condition, why couldn’t the higher function that relies on that organ be recovered?  This, of course, is not an argument. It is just a thought experiment, but not of the science fiction sort that has become common these days. Indeed, there is evidence that cornea transplants are already being performed.
 

I am thus inclined to think that given the uncertainty in these matters it is better not to multiply entities. Two deaths, the death of my higher brain and the death of my body, is one death too many. If I am a unified substance, my passing away cannot happen twice. An alteration for the worse (the persistent coma) preceding my actual passing away would yield a more appealing metaphysical picture. 

There is a second argument likewise seeking to disengage the person from the human organism. It is the argument derived from the evidence of dicephalic twinning.
 The best known case of this tragic malformation is that of the Hensel twins, two little girls whose separate heads emerge from a body that roughly from the torso and the waist down has all organs in common. The argument runs as follows: since the girls are doubtless two persons but the organism is only one, it follows that none of the two is identical with the organism because this would imply that the two girls are identical with each other. So neither girl is identical with the organism they share. This is then extrapolated to all normal persons: “this strongly suggests that none of us is an organism.”
 

I find this argument unpersuasive on several grounds. First, just as I am skeptical of science fiction examples that have only a tenuous connection with real biology
, I am also skeptical of arguments based upon extremely exceptional cases. I think it is wiser to focus on standard cases and turn to the anomalous case once a firm grasp of the contours of the normal instances has been reached. Twinning is an exceptional phenomenon, Siamese twinning even more so, and the case of the Hensel twins is almost a “miracle”, an exception to nature’s laws. It is hard to understand how they can be alive given the drastic malformations with which they have to live. 

In order to provide an alternative analysis (and thus reject a key premise of the argument) let me practice what I have just preached. By far the standard case for human beings is that each of us is a unitary organism that functions independently of the organism of others around us. We can go places where others do not go, we can eat at times when others don’t eat, etc. I will return to normal twins later on, but now I want to focus on Siamese twins. These are human beings who share some of their tissues and organs, and are thus not totally independent of each other. But, are they two persons sharing one organism? That is not how standard textbooks in embryology depict them.
 Nor does it correspond to how surgeons react to the phenomenon. In fact, if it can be established that conjoined twins can be successfully separated because the organs they have in common can be divided or one twin can get a transplant for the organ going to the other twin, an attempt will be made to separate them. They are indeed two persons in two organisms that happen to be linked to each other. This is the anomaly that corrective surgery would try to overcome. 

The Hensel twins, I submit, is an extreme case of Siamese twinning. While they have separate heads, brains, mouths, ears, esophagi, etc. they share the lower limbs, the digestive and urinary systems, most lymphatic nodes, etc. In other words, and this is their tragic condition, it would be totally impossible to separate them. What this suggests is that this is a very rare case not of two persons sharing one organism, but of two organisms sharing a large portion of their organs. Nothing, I’m afraid, can be inferred for normal human beings from this case. It does not seem to give us any reason to think that the proper sortals “human organism” and “human being” provide different identity and persistence conditions.   


Now that the two foregoing objections have been set aside, we can go back to the initial claim that each of us is an organism endowed with attributes of a mental sort that develop gradually because they are deeply rooted in our physiology. Under this sortal, what follows, as I suggested, is that I came to be when my organism came to be, and that happened at fertilization. This view entails that I am transtemporally identical with the zygote that gave rise to my body. 

SIXTEEN DAYS?


This is precisely the thesis that has been challenged by S&B in their carefully crafted article. Their thesis, as far as I can tell, is perhaps not new, but what is new and most welcome is the explicit formulation of the discussion in metaphysical/ontological terms. S&B first provide a list of six conditions that are satisfied by substances and then a list of four more conditions that are satisfied by living substances. I have doubts about the conditions that mention an external boundary or external membrane (4, 7 and 9) because of the counterintuitive result that, say, Siamese twins like Chang and Eng Bunker, who were never separated, end up being one single substance. It is known that one of them died and the other one survived for some time, in clear awareness that he was doomed because the organs they had in common would soon cease to function.
 But these were two clearly distinguishable deaths or substantial changes. I cannot avoid the conclusion that these poor fellows were not only two persons, but also two conjoined substances.

I also think that the concept of “a relative isolated causal system” that the second set of conditions is supposed to spell out should include some reference to the internal dynamism that marks the difference between an organism and a mere tissue, between a substance that grows and develops into a highly complex system according to a pattern, and a part of a substance that does not. I think a reference to the guiding role of the heritable genetic program is missing. DNA is today the centerpiece of our understanding of all forms of life.
  

Rather that making an effort to reform the ontological criteria put forth by S&B, I will engage in hypothetical thinking. Assuming that those criteria are roughly right, and that due consideration is given to the role of the DNA, does their main thesis follow?

According to S&B I began to exist sixteen days after fertilization because, in their own words, “It is with gastrulation (around day 16) that the forster ceases to be a cluster of homogenous cells and is transformed into a single heterogenous entity – a whole multicellular individual living being which has a body axis and bilateral.”
 Other important features are formed at this stage such as the possession of “a bona fide spatial boundary which delineates the embryo spatially from the extraembryonic tissue.”
 If we point to earlier moments that seem to suggest that a single entity is already developing we get a reply worth noting: “Gastrulation brings a new type of integration of the foster, which is manifested in the fact that twinning is from this point no longer possible.” 

By the end of the day, I suspect, twinning, will turn out to be their decisive argument, but in the mean time we are confronted with a perplexing ontology. If gastrulation is the proper instance of generation then the natural question is “What existed before this instance of generation took place?” The reply we get is “a cluster of homogenous cells” which is puzzling in light of the earlier claim that at the early blastocyst stage “the inner cell mass constitutes a single substance.”
 Perhaps the earlier substance decayed into a cluster, but this would be hard to explain. But the unification at the early blastocyst stage is also puzzling in light of the claim that the division of the zygote into two cells is considered to be a substantial change. The zygote ceases to exist “almost immediately after it has been formed. Two zygotes [sic!] inside the thin membrane are not one but rather two substances.”
 Is the next division also a substantial change? It seems so. “At the stage of the multi-cellular zygote-bundle, the zygote is most properly conceived as a sticky assemblage of 8 or 16 entities [substances?] rather than a single entity. They are not one but many.”
 So substances seem to begin to multiply and when the number of undifferentiated substances is well over one hundred, at the early blastocyst stage, there is an unexplained separation into trophoblast and inner cell mass. And the latter, surprisingly, as we saw, “constitute a single substance.” I must admit that I find most of this quite implausible, especially the denial of any functional unity to the embryo before gastrulation.

Rather than question step by step the facts, the terminology and the philosophical inferences proposed by S&B, I would like to retell the story of early human development on the basis of the most general information gathered from standard texts in human embryology adding ontological interpretations of my own. I will not at this stage include any comments on twinning in accordance with my methodological principle that one should first grasp the normal cases and only then turn to the exceptions.

A SKETCH OF EARLY HUMAN DEVELOPMENT

There can be no doubt that the change from sperm and egg to zygote is a substantial change.
 There is no underlying organism that would allow the change to count as an alteration. The gametes, which were originally parts of different organisms, cease to exist and an organism with properties strikingly different from those of each gamete begins to exist. The zygote contains the genetic program that (at least after the first two cleavages) will govern the further development of the organism. The zygote already possesses the XY or XX combination. It is already genetically male or female. In fact, since no genetic material comes into the organism at a later stage, a human zygote contains the genetic makeup required for the gradual emergence first of the primordia and then of the organs that sustain the higher functions. The functioning of the brain does not come out of the blue. It is one more step in a chain of events that lead to the actualization of the characteristically human capacities in the adult. 

Let’s return to the zygote. After some hours the first cleavage takes place. No textbook or article that I know of refers to the result of this division as “two zygotes.” In fact, the term “zygote” is consistently used in the scientific literature to refer exclusively to the initial one-cell organism that undergoes cleavage.
 But the use of words is conventional and people are free to make unconventional use of words (as long as they let us know what they are talking about). The relevant philosophical question is: what kind of change takes place in the transition from zygote to two-cell embryo? Is it a substantial change such that one substance ceases to exist and two new substances are generated? Or is it an alteration such that a one-cell organism becomes a two-cell organism, as is universally held? The fact that the two new cells do not wander apart from each other (as in the generation of two amoebas by fission) but remain within a well-defined membrane (the zona pellucida) suggests the latter alternative. In my view the decisive consideration is that the two cells begin to function as coordinated parts of a larger whole. 


The journal Nature published in July 2002 a report of several experiments with early mouse embryos.
 In one of them a researcher painted the first two cells after the division of the zygote, one red and one blue, and tracked them down to the blastocyst stage. It turned out that the inner mass cells usually came from one of the cells and the trophectoderm and other supporting tissues came from the other. The researcher concluded that the first division determines the fate of each cell and ultimately all the tissues of the body. If, by analogy, this applies to humans, it shows that there is hardly a stage at which an embryo is a lump of disconnected cells. A functional unity can be detected right from the start. This is, incidentally, what I had expected even before I read the scientific literature. If within a very short period of time (three or four days) an embryo develops features that are going to be crucial for implantation and gastrulation, it is natural to assume that the differentiation leading to those finely calibrated modifications must have started early on.


As further confirmation, let me quote from a leading text in biology:

“After fertilization produces a zygote, cell division partitions the cytoplasm in such a way that the nuclei of different embryonic cells are exposed to different cytoplasmic environments. This sets the stage for the expression of different genes in different cells. As cell division continues and the embryo develops, inherited traits emerge by mechanisms that selectively control gene expression, leading to the differentiation (specialization) of cells. The timely communication of instructions, telling cells precisely what to do when, is essential. This information transfer occurs by cells signaling among different embryonic cells. Along with cell division and differentiation, development involves morphogenesis, the process by which the animal takes shape.”


The early interaction of cells does not seem to be restricted to human blastomeres. In a section entitled “Neighboring cells instruct other cells to form particular structures: cell signaling and induction in the nematode” Campbell and Reece make a sweeping generalization: “The development of a multicellular organism requires communication among cells.”

Not being a scientist myself, I cannot fully appreciate the details of cell interaction mentioned by these biologists, but it is enough for me to make the philosophical inference that a human embryo, even before the third day after fertilization, cannot be correctly described as a “heap” or “clump of cells.”  It is a highly complex organism in which “all phases of morphogenesis (if not all cleavages) prior to implantation are dependent on the expression of embryonic genes.”
 

A careful reading of the description of implantation and gastrulation in the literature further confirms the view that during these changes there is no generation or coming to be of anything drastically new. It is the same embryo that after subtle stages of preparation comes to reside in an equally prepared uterus and undergoes further differentiation of its tissues. This differentiation is not abrupt. The primitive ectoderm and endoderm were already detectable at the blastocyst stage.
  The mesoderm begins to appear at about 14 days together with the primitive streak. The inference that all of these changes are alterations of an enduring, highly unified substance seems to me unavoidable.

It is also known that restoration mechanisms are at hand. If a blastomere is extracted for Preimplantation Genetic Diagnosis, the organism replaces the loss and a normal embryo can be born. This could hardly be explained within a bundle of unconnected “entities.”


The unity of the organism is not a consequence of its having an external membrane. The zona pellucida had given rise to the fertilization envelope that in turn is shed by the blastocyst so it can adhere to the endometrial epithelium.
 It is rather the functional unity of the organism that explains the presence and the subsequent shedding of an embracing membrane. What in turn is the explanatory factor of the unity of the organism through so many changes that seem morphologically bewildering? It is the genome, i. e., the program established at fertilization which constitutes the inner dynamism governing the growth, development and inherited features of the organism.
 And it is this very same genome that is present today in all of my somatic cells.


If it is granted that I am the same organism I was at gastrulation, and if it has been successfully shown that gastrulation is not an instance of generation, but one among many continuous alterations of the same organism, the road is open for me to claim that I am transtemporally the same organism as the zygote from which I originated. Further confirmation is provided by the fact that I have today the same genome I had then. I would even be tempted to suggest that my genome is akin to a Kripkean “underlying nature”.
 Just as H2O is water across possible worlds, so my genome guarantees that I am AG-L across time. In a more Aristotelian vein, I would say that my genome is the meson or intermediate factor that make these bones and sinews be a human being. It is my ousía.
 Much in my body can change. Cells are lost through apoptosis and new cells are constantly being generated, but such replacements do not constitute a break in identity as long as the same genetic program I have had since I was a zygote continues to govern my organism.

THE POSSIBILITY OF TWINNING


All of this would be fine were it not for the powerful objection that always shows up when these weighty matters are discussed: the possibility of twinning. The argument can take many forms, but the most popular version is the one that holds that since the early embryo can divide and form twins, it itself lacks unity, i. e., is not an individual, and hence no early embryo can be identical to the individual that emerges from it. The possibility of twinning allegedly cuts us off from everything that happened before gastrulation. 


In trying to think about twinning, it is wise, I think, to start by realizing that twinning is a rare occurrence. Twins constitute about one half of one percent of live births in the US. Of these, the vast majority are dizygotic twins, and only about one third of them are monozygotic.
 It is only the latter that generate the philosophical difficulty because they originate from a single zygote. 

As in the case of the Hensel sisters, it pays to consider the standard cases first (what is more or less what I tried to do in my sketch of embryological development) and then turn to the exceptions. The vast majority of people are biologically continuous with the embryo they once were so that between the adult and the embryo there are only alterations to reckon with. Twinning, however, entails substantial change. Twins come to be after fertilization (I am disregarding triplets, etc. because conceptually those cases will not affect the main point). 


I suggest getting out of the way the extension of the anomalous case, i. e., twinning, to the vast majority of human beings. That extension consists in saying: since any embryo E can twin or divide (although it never did and never will), E is therefore not a unitary organism. This is an instance of a famous fallacy known to Aristotelians: if x is potentially two, it is therefore not actually one. The non-sequitur can be illustrated by a stick in my hand. The fact that I could break it into two sticks does not entail that I do not have one stick in my hand. There is no reason to think that because a human embryo at the early stages could have divided, it is therefore not a unified organism, just as the fact that the United States could have divided into two countries during the Civil War does not entail that it was not one country before that.
 


We should concentrate on actual twinning. How does it happen? No one knows for sure, but we can speculate by reference to some of the insights gathered from the role of the genome in the standard cases. 


It seems that in principle twinning could occur by budding (one blastomere emerges from the zona pellucida and begins to develop on its own) or by fission (an embryo divides more or less “down the middle” into two separate embryos at the morula or the blastocyst stage). In the first case we can say that one substance continues to exist while a second one comes to be. In the second case one substance ceases to exist and two new substances come to be. I ignore the case of separation, i.e. if two substances are originally conjoined and then simply come apart, because this would be conceptually akin to dizygotic twinning and does not cause specific philosophical perplexities.  


The zygote and the cell or cells that generate the twin(s) are all said to be totipotent. Totipotentiality is the property assigned to a cell that can generate a complete organism. A cell that can give rise to different types of differentiated cells but not to a whole organism is said to be multipotent. Stem cells are characteristically multipotent. 


If the foregoing description of embryonic development is correct, the difficulty arises that although the zygote is totipotent, the cells the result from the cleavages are only multipotent, because they are already starting to differentiate and to generate more specialized cells that will constitute different areas of the blastocyst. Strictly speaking they are no longer totipotent. The genome is expressing and turning off genes that lead them in a certain direction. In order for twinning to take place, we have to assume a reprogramming of the nucleus of the sort that takes place in Somatic Cell Nuclear Transfer or cloning. When the nucleus of, say, a skin cell is inserted in an enucleated egg, the nucleus, which determined the cell to be part of skin tissue, is expected to undergo a drastic reprogramming so that an embryo of the corresponding species is generated. The cytoplasm of the egg plays a crucial role in the reprogramming, and it is the reprogrammed nucleus that will now assume the role of directing the new organism. In other words, a skin cell is not totipotent, it is not even multipotent, but it can be reprogrammed so as to acquire totipotentiality. I submit that the reprogrammed nucleus is the inner dynamism that caused the substantial change that led to the generation of Dolly.
 


In the case of natural twinning, we do not know (maybe I should speak for myself: I do not know) how and why the reprogramming takes place. In private correspondence, an embryologist
 has told me that artificial twinning in certain animals is relatively easy to achieve by dividing the two cells resulting from the first cleavage of the zygote or by dividing two and two cells after the second cleavage, but that from then on it becomes increasingly difficult. After the 8 cell stage reprogramming requires, as in standard cloning, an enucleated egg. This of course fits in well with my conjecture. The respective programs of the first two cells probably deviate at a minimum from that of the original zygote so that reprogramming probably has to overcome few obstacles. Once further differentiation has progressed, the return to the initial program becomes more and more complex. Thus, I do not find it surprising that human adults are non-divisible. The division of an adult would require drastic reprogramming of millions of cells that already are living a fixed destiny. But do I not find it surprising either that at the very beginning of our existence, at the very dawn of our biological development, our cells could have been easily reprogrammed.


How should we then interpret the two conjectures about twinning? If twinning comes about by budding, it would be reasonable to say that the morula from which one cell emerged continues to develop without any reprogramming of its cells. The cell that emerged did undergo reprogramming. The initial embryo began to exist at fertilization, the second one at the moment of reprogramming that transformed it into a totipotent cell. Once the twins are born, there should be no philosophical problem in saying that one is identical to the original embryo (and slightly older) and the other one is identical to the other one. To tell which is which, of course, would not be easy.


If twinning comes about by fission, then a plurality of cells in both parts have to undergo reprogramming in order for two new embryos to start developing. The original embryo underwent passing away and its cells, once reprogrammed, were incorporated into the twins. The original embryo of course would not be identical to any of the two twins once they are born, but the embryos generated after the twinning certainly would. Again, in the absence of a tracking system it would be difficult to say which is which. What is clear is that both underwent generation some time after fertilization and none would be identical to the original embryo. Each of the twins inherited the same genome, but gene expression will surely be different in each one of them. The two instances of the same genome will be governing the development of two different organisms that may in time become quite dissimilar from each other. 


Some critics see a special difficulty in the claim that the original embryo passes away and that therefore he or she should be mourned. I doubt that this follows. In the case of preimplantation loss, the vast majority of the organisms that are washed away are genetically defective and most probably not capable of developing the human primordia in the first place, but perhaps some are well formed and thus human. But in this case as well as in the second type of twinning the mother is not aware of the event and surely should not be expected to grieve. It is simply a case of a natural loss before any personal interaction could arise. In this sense it is different from the experience of a miscarriage at an advanced stage of pregnancy, which does produce deep sadness and sorrow in many women.


What is the lesson to be learnt from twinning? Well, for the vast majority of us there is no lesson to be learnt. The natural plasticity of early life does not require us to lose sight of the unified processes that are going on during the first days of life. For those who are twins, it entails that perhaps one of them, or maybe both, began to exist some time after fertilization, that is, at the moment of the reprogramming of their genome. It is then that their substantial change took place.


The ontology that results from all of the above is both elegant and simple. For each normal human being there is only one generation, one substantial change, the change that culminates in the formation of a unique genome endowed with 46 chromosomes. From then on, all changes are alterations. 

Implantation and gastrulation could not take place were it not for the pre-existence of an individual embryo that undergoes these changes. Given the way the previous stages, if considered proleptically, are a sort of preparation for implantation and gastrulation, I find it implausible to hold that any of the latter changes can count as a substantial change. The embryo that implants can be physically observed and genetically identified both before and after the implantation takes place. The fact that twinning is no longer possible after gastrulation is a result of more advanced cell differentiation and further epigenetic programming within the embryo and can hardly be interpreted as “a new type of integration” that could constitute the coming to be of a new substance, a different one from the one that went into the process of gastrulation. Transtemporal identity, then, crosses the barrier of gastrulation. 

Likewise, the gradual formation of the neural system, including the brain, and its beginning to operate are also alterations linked indissolubly to prior anatomical and physiological changes governed by the human genome. If at this point there were a substantial change, it would have to be extraneous to the biological process. An independent substance would come in thyrathen, “from outside the door”, like Aristotle’s nous.
 

I find it more plausible to consider thought and the rest of my higher functions to be properties, perplexing ones, of course, that I can engage in because of the sort of organism I essentially am and have been since my genome was constituted.
 

In the body of my paper I have tried to answer an ontological question, the question namely when does the process of generation of a human organism like myself take place. I argued that the empirical evidence indicates that the vast majority of human beings come to be during the process of fertilization that leads to the constitution of a new genome. Twins are generated a bit later during the process of reprogramming of the genome of their predecessor that then begins to govern two different bodies. The ethical implications of these ontological results will have to wait for another day.
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