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From the moment of sperm-egg fusion, a human zygore acts as a complete whole, S Stz

with all the parts of the zygote interacting in an orchestrated fashion to generate the
structures and relationships required for the zygote ro continue developing towards

its mature state. Everything the sperm and egg do prior to their fusion is uniquely
ordered towards promoting the binding of these two cells. Everything the zygote does
from the point of sperm-egg fusion onward is uniquely ordered to prevent further
binding of sperm and to promote the preservation and development of the zygote
itself. The Zygote acts immediately and decisively to initiate a program of dcvelopmen[
that will, if uninterrupted by accident, disease, or external intervention, proceed seam-
lessly through formation of the definitive body, birth, childhood, adolescence, maw-
rity, and aging, ending with death. This coordinated behavior is the very hallmark of
an organism.

Mere human cells, in contrast, are cumpmed of human DNA and other human
molecules, but they show no global organization beyond that intrinsic to cells in
isolation. A human skin cell removed from a mature body and maintained in the
laboratory will continue to live and will divide many times to produce a large mass
of cells, but it will not re-establish the whole organism from which it was removed; it
will not regenerate an entire human body in culture. Although embryogenesis begins
with a single—cell zygote, the cumplm«, integr:{ted process ofernbryugenesis is the
activity of an organism, not the activity of a cell.

Based on a scientific description of fertilization, fusion of sperm and egg in the
“moment of conception” generates a new human cell, the zygote, with composition
and behavior distinct from that of either gamete. Moreover, this cell is not merely a
unique human cell, but a cell with all the properties of a fully complete (albeit imma-
ture) human organism; it is “an individual constituted to carry on the acdvities of life
by means of organs separate in function but mutually dependent: a living being.”*

WHY ISN'T SYNGAMY THE BEGINNING
OF A NEW HUMAN LIFE?

Syngamy, the breakdown of nuclear membranes in preparation for cell division, is
commonly held to be the point at which the zygorte is formed and life begins. This
definition does not deny that a new cell with unique composition and behavior is
formed at sperm-egg fusion (a “pre-zygote,” perhaps), but it fails to specify the nature
of this cell. The reasons for identifying syngamy as the beginning of life are two-fold.
First, syngamy is the last event associated with the first cell cycle and thus represents
the completion of this unique period of development. After this point, many inter-
esting and complex interactions occur, but the cells of the embryo behave in manners
that are also seen in other, more mature body cells. Thus, according to some, synga-
my marks the end of the “process” of fertilization and the onset of a developmental
trajectory driven by the zygote itself. Second, many believe that syngamy represents
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the “fusion” of the maternally and paternally derived half-genomes, and the genera-
tion of the mature, diploid genome that is unique to the new individual. Both of
these assertions are scientifically inaccurate.

Compared with the changes in both material composition and

developmental trajectory that occur at the fusion of sperm and

egg, syngamy is fundamentally an arbitrary definition for the

beginning of life.

26 Agood analogy for the communication between the
maternally and paternally derived halves of the genome
is the communication of two Internet-linked computars
‘with different data sets that are executing a common
program. The computers will transmit information and
mutually modify each other's function via electronic
signals that are carrled by data cables or telephone lines.
The mechanism of this indirect communication will not be
substantially different for computers separated by a few
feet than for those separated by a few thousand miles;
computers located in the same roam are not somehow
more “united” by virtue of their physical proxim-

ity than are computers located in different countries.
Similarly, DNA communicates Indirectly and remately

via DNA-binding proteins, and this cammunication is

not dependent on physical proximity. So long as the two
halves of the genome are contained within a single cell
(i.e., there Is a common mechanism for communication
between different elements of the genome), interaction
between matemally and paternally derived DNA happens
indirectly through transcription and translation of DNA
binding proteins, mechanisms that do not require the DNA
10 be “united” within a single nuclear membrane.

27 \Wolfgang Mayer et al., "Spatial Separation of Parental
Genomes in Preimplantation Mouse Embryos,” Journal
of Cell Biology 148, no. 4 (February 21, 2000): 629-34;
Seungeun Yeo et al., "Methylation Changes of Lysine 9 of
Histone H3 During Preimplantation Mouse Development,”
Moleciles and Cells 20, no. 3 (December 2005); 423-8
Fatima Santos et al., “Dynamic Reprogramming of DNA
Methylation in the Early Mouse Embryo,” Develspmental
Bralogy 241, no. 1 (January 2002): 172-82; Jacqueling
Bomar et al., “Differential Requlation of Materal and
Paternal Chromosome Condensation in Mitotic Zygotes,”
Journal of Cali Science 115, no. 14 (July 15, 2002):
2931-40.

Compared with the changes in both material composition and developmental
trajectory that occur at the fusion of sperm and egg, syngamy is fundamentally

an arbitrary definition for the beginning of life. From a biological perspective, the
breakdown of nuclear membranes at syngamy is a relatively mundane event along

an already progressing developmental trajectory. The material composition of the cell
does not change from the instant prior to syngamy to the instant after it takes place.
There is no substantive change in the behavior of the cell at syngamy; all the prepara-
tions for cell division (DNA replication, assembly of the mitotic spindle, chromatin
condensation) are already underway as the pronuclei move rogether. Indeed, nuclear
membrane breakdown is not a unique, “zygote-forming” event, but rather it is

part of every round of cell division that occurs through life. The zygote is the same
cell—and it continues doing exactly what it was doing (i.e., preparing to undergo
cell division) both before and after the pronuclei come into physical proximity. The
developmental program observed during the first cell cycle (including the breakdown
of nuclear membranes at syngamy) is clearly initiated by the fusion of the sperm and
egg, and it progresses seamlessly from that instant forward.

The assertion that the mature, diploid genome forms at syngamy is also scientifically
untenable. The definitive dip]uid genome is formed at the cnmplrtiun of meiosis.

As detailed above, although syngamy appears to result in the “fusion” of the two
pronuclei, the maternally and pacernally derived DNA interact extensively prior

to syngamy. The physical proximity of the two halves of the genome achieved after
nuclear membrane breakdown is biologically irrelevant to the ongoing interaction

of the DNA contained within the genome.** Moreover, the “mingling” of the DNA
that occurs at syngamy is in some ways quite superficial. There is good evidence that
full mingling of the maternal and paternal DNA strands is not completed during the
first cell cycle, but rather that chromatin derived from each parent occupies distinct
domains within the nucleus until at least the four-cell stage.”” Thus, syngamy does
not fully establish the normal state of a diploid nucleus (as is seen in mature somatic
cells, with random mixing of DNA strands derived from both parents), further com-
promising syngamy as a definition of when the life of a new individual begins.
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The essential problem with the view that life begins ar syngamy is the notion that

a cell can change from one type (a “pre-zygote” that exists following sperm-egg fu-
sion but prior to syngamy) into another type (the zygote that exists after syngamy)
without any actual change in the marerial state or behavioral trajectory of the cell.
This argument is simply not consistent with the scientific method. To assert that life
begins at syngamy is to propose some form of mysticism: although a zygote cannot
be distinguished in any significant manner from the “pre-zygote” that precedes it, the
cell is now a zygote simply because one asserts that it is.

Regardless of how intuitively plausible syngamy may seem as a marker for the onset
of a new cell (the zygote), without a demonstrable change in the material and/or the
behavioral state of the cell—that is, without credible scientific evidence that a new
cell type comes into existence at this point—one simply cannor assert that syngamy
marks the beginning of 2 new human cell type, much less a new human being.

WHAT ARE PARTHENOTES, HYDATIDIFORM
MOLES, AND CLONES?

Defining the beginning of life as the point at which a new, single-cell organism with
unique composition and behavior is formed raises concerns about a number of enti-
ties that appear to be dosel_y related to cmbryus. In particufﬂr. patthenutes, h‘vdatidif
form moles, and human clones raise issues that need to be Girefu“y considered.
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28 Christoph Vorburger, “Geographic Parthenogenesis:
Recurrent Patterns Down Under,” Current Bialogy 18,

no. 16 {August 22, 2006): RE41-3; Robert G. Edwards,
“The Significance of Parthenogenetic Virgin Mothers in
Bonnethead Sharks and Mice,” Reproductive BioMedicine
Online 15, no. 1 (July 2007): 12-5; T. V. Groot. E. Bruins,
and J. A, Breeuwer, "Molecular Genetic Evidence for
Parthenogenesis in the Burmese Pythan, Python Malurus
Bivittatus," Heredity 30, no. 2 (February 2003): 130-5;

G. Cassar, T. M. John, and R. J. Etches, “Observations

an Ploidy of Cells and on Reproductive Performance in
Parthenogenetic Turkeys," Poultry Science 77, no. 10
(October 1998): 1457-62.

29 See discussion of human parthenogenesis in Mahen-
dra Rao and Maureen L. Condic, “Alternative Sources of
Pluripotent Stem Celis: Scientific Solutions to an Ethical
Dilernma," Stem Ceils and Development 17, no. 1: 1-10.

Cloning presents a challenge to the proposed definition
of when life begins because cloning does not involve the

union of sperm and egg.

In many animal species, mature egg cells can be induced to divide in the absence of
sperm by external administration of an electrical pulse or a chemical stimulus that
mimics some aspects of fertilization. Depending on the species, such “parthenotes” will
progress through a sequence of developmental events thar are quite similar ro the devel
opment of a zygote. Indeed, in some species of animals, parthenotes occur spontane-
uusly and can mature to fully formed adults.*® However, for most species, including all
mammals thus far swdied, parthenotes do not develop normally or survive to birth.

Are parthenotes organisms? In the case of mammals, although parthenotes are similar
to zygotes in certain respects, there are significant differences. Parthenotes contain
only maternal chromosomes and, therefore, have a composition that is distinct from
a zygote. Importantly, there is no strong evidence that human parthenotes exhibit
globally coordinated activity of parts to generate an integrated pattern of devel-
opment.”” The fact that certain aspects of early zygotic behavior can be mimicked
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30 The question of whether human parthenotes can, in
rare cases, exhibit an organismal pattem of development
remains controversial, mostly due to a lack of rigorous
scientific observation. While it is clear that human par-
thenotes do not develap normally, considerable caution
s in order. Although stimulated egg cells do not differ in
molecular composition from unstimulated eggs, they do
exhibit a radical change in developmental trajectory—or
behaviar. Should it be demonstrated that parthenotes
have some degree of coordinated development, it would
raise the concem that they may be severely defective
human organisms.

31 Andrew J, French et al., “Development of Human
Cloned Blastocysts Following Somatic Cell Nuclear Trans-
fer with Adult Fibroblasts,” Stem Cells 26, no. 2 {February
2008): 485-93.

32 In cases where the development of the cell produced
by cloning is abnormal or where the clone does not
survive, interpreting the nature of the cell produced by
SCNT is problematic. If such clones exhibit any degree of
normal, “organismal” coordination, caution would dictate
they should be considered defective organisms.

artificially in the laboratory by delivering electrical or chemical stimulation to an
oocyte in no way compromises the account of when life begins during the interaction
of sperm and egg. An electrically stimulated egg is different in material composition
from a bona fide zygote, and (on a molecular level) its “behavior” shows it to be quite
distince from a zygote.*

A parallel, yet opposite case is presented by complete hydatidiform moles, a type

of tumor that arises as a consequence of abnormal ferrilization. Most commonly,
hydatidiform moles form when a normal sperm fertilizes an oocyte that has abnor-
mally lost its own genetic material. This event results in a tumor-forming cell with
only paternally derived chromosomes. Hydatidiform moles grow quite rapidly and

in some ways mimic a normal pregnancy (indeed, they are often referred to asa
“molar pregnancy”). However, because hydatidiform moles contain only paternally
derived chromosomes, {hey are distinguishable from zygotes based on their molecular
composition. Moreover, hydatidiform moles behave quite differently from embryos:
they grow as a chaotic mass of disorganized cells and tissues, all of which are unrelated
to each other or to anything resembling a whole. Despite the fact that hydatidiform
moles are generated from human gametes, they do not exhibit an embryonic pattern
of organization or molecular composition; they are a collection of human cells, but
not a human organism.

Finally, cloning. or somatic cell nuclear transfer (SCNT), presents a challenge to the
proposed definition of when life begins because cloning does not involve the union

of sperm and egg. In SCNT, the nucleus of an egg is removed and a mature body
(somatic) cell is then fused to the empty egg, generating a hybrid cell that contains the
genetic information of the body cell. In rare cases (usually less than one in a hundred
transfers) the body cell nucleus is reprogrammed by the egg cytoplasm to a state that is
capable of supporting a relatively normal pattern of embryonic development. Although
human cloning has only recently been reported,” it is likely that improvements in the
cloning technique will enable human clones to be reliably generated through SCNT.

Does generation of a cloned human embryo or live human baby by SCNT compro-
mise the definition of when a life begins? No. Upon transfer of a somatic nucleus

to an empty egg cell, a new cell is generated that has a material compeosition and a
developmental trajectory different from those of either of the two cells thar produced
it. In the rare cases where this hybrid cell goes on to pmduct a normal pattern of
development, its behavior demonstrates that it is an organism.** The production of
human embryos via cloning indicates that although gametes are naturally disposed
to generate a new organism upon fusion, embryos can also be generated under other,
highly artificial circumstances. Cloning simply indicates that there is more than one
way to make a zygote; it does not alter the analysis of natural fertilization or compro-
mise our ability to determine precisely when fertilization results in an organism that
is both materially and behaviorally distinet from the gametes that give rise to it.

10
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DOES A HUMAN BEING CONTROL
ITS OWN DEVELOPMENT OR IS
IT “MANUFACTURED”?

Why has it been so difficult to define when a human life begins? Why has the view
that life begins at syngamy (or at even later developmental stages) been so compelling
for so many scientists and physicians? Those who advocate syngamy as the beginning
of life appear to find it intuitively obvious that syngamy completes the unique events
of the first cell cycle and produces “full union” of the gametes; until syngamy occurs,
the “process” of fertilization is still underway. Those who advocate an even later point
for the onset of life do so on the basis of a similar argument: the embryo has not yer
fully formed until specific structures or processes are in place; until these “defining”
events occur, the process of fertilization (or of embryo formation) is still underway.
Clearly, if fertilization is seen as a process rather than as an event, then prior to the
completion of this process the zygote is not yet fully present. Based on this view,

the cell that results from the fusion of sperm and egg is not a new individual but,

as expressed recently by a colleague, merely “a unique human cell in the process of
becoming a new human, but not there yer.”*

This way of thinking about human development is compelling to many because it is
similar to our thinking about the much more familiar process of manufacturing. A
car is not a car until it rolls off the assembly line—until then it is a bunch of parts in
the process of becoming a car, but not there yet. Similarly, a cake is not a cake until
it comes out of the oven—until then it is a variously gooey mass of flour, sugar, eggs,
and butter that is gradually becoming a cake.

Westchester Institute White Paper
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33 Micheline Mathews-Rath, M.D., Harvard University
(persanal communication)

34 Identical twins demonstrate that totipotency may be
preserved in all the cells of a human embryo, up to the
two-cell stage, or even later (identical quintuplets are ex-
tremely rare, but have been observed). The phenomenon
of twinning does not alter the impartance of the zygote's
producing its own development based on an intemnal
developmental program. Twinning merely indicates that
when cells of the early embryo are separated, they retain
this intemal developmental potency and are able to
regenerate the missing cellular components to produce a
complete pattem of human development

The embryo is not something that is being passively builr
by the process of development, with some unspecified,
external “builder” fontrol[ing the assembly Qf z’mbryonic

components. Rather, the embryo is manufacturing itself.

However, a prufound difference exists between manuﬁacturing and embryunii; de-
velopment. The difference is who (or what) is doing the “producing.” The embryo is
not something that is being passively built by the process of development, with some
unspecified, external “builder” controlling the assembly of embryonic components.
Rather, the embryo is manufacturing isself. The organized pattern of development doesn’t
produce the embryo; it is produced &y the embryo as a consequence of the zygote's
internal, self-organizing power. Indeed, this “totipotency,” or the power of the zygote
both to generate all the cells of the body and simultaneously to organize those cells into
coherent, interacting bodily structures, is the defining feature of the embryo*
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An additional problem with comparing embryogenesis to manufacturing is that, un-
like the building of an automobile, there is no actual endpoint to the “building” of a
human being. Human development is an ongoing process that begins with the zygote
and continues seamlessly through embryogenesis, fetogenesis, birth, maturation, and
aging, ending only in deach. If the zygote is a manufactured “product” of an ongo-
ing developmental process, at what point along this continuum does a human being
ECrUaHy Exisl‘? Wh)’ iS a C(‘” [hﬂ[ ha.!' Undergﬂnﬂ S'yngamy a humﬂn Z)"gﬂ[f :lnd not
mtrely a "unique human cell in the process of btcuming a new human, but not there
yet"? Indeed, why consider the entity present at the end of embryogenesis or at birth
a human being, and not merely “a unique collection of human cells in the process of
bccuming a new human, but not there yc't”? Once a concession has been made to the
concept of manufacrure and to an arbitrary point at which development has pro-
ceeded “far enough” along the assembly line to generate a human being, the precise
positioning of this point becomes purely a matter of preference, convenience, and
the power to enforce one’s view.

In contrast, if the embryo comes into existence at sperm-egg fusion, a human organ-
ism is fully present from the beginning, controlling and directing all of the develop-
mental events that occur throughout life. This view of the embryo is objective, based
on the universalfy a[ccpted scientific method ufdistinguishing different cell types
from each other, and it is consistent with the factual evidence. It is f:ntircl_v indc‘pen—
dent of any specific ethical, moral, political, or religious view of human life or of
human embryos. Indeed, this definition does not directly address the central ethical
questions surrounding the embryo: What value ought society to place on human life
at the earliest stages of development? Does the human embryo possess the same right
to life as do human beings ar later developmental stages? A neutral examination of
the factual evidence merely establishes the onset of a new human life at a scientifi-
cally well defined “moment of conception,” a conclusion that unequivocally indicates
that human embryos from the zygote stage forward are indeed living individuals of
the human specie.s—hurnan being&

12
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Dr. Condic is an Associate Professor of Neurobiology and Anatomy at the University AUTHOR
of Utah School of Medicine, with an adjunct appointment in the Department of Pe-
diatrics. She received her undergraduutc degrtt from the Univc‘rsi[y of ChiLago, and
her doctorate from the University of California at Berkeley. Since her appointment
at the University of Utah in 1997, Dr. Condic’s primary research focus has been

the development and regeneration of the nervous system. In 1999, she was awarded
the Basil O’Connor Young Investigator Award for her studies of peripheral nervous
system development. In 2002, she was named a McKnigh[ Neuroscience of Brain
Disorders Investigator in recognition of her research in the field of adult spinal cord
regeneration. In addition to her scientific research, Dr. Condic participates in both
graduate and medical teaching. She is director of the University of Utah School of
Medicine course in Human Embryology. She has published and presented seminars
nationally on issues concerning science policy and the ethics of biological research.
Dr. Condic currently resides in Salt Lake City with her husband and four children.

Maureen L. Condic, Ph.D.
Department of Neurobiology and Anatomy, University of Utah School of Medicine
Salt Lake City, UT 84132-3401

mlcondic@neuro.utah.edu
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GLOSSARY centromere: the point or region on a chromosome to which the spindle attaches
during mitosis and meiosis-also called kinetochore.

Al definifioges i takon from the MH:aimirisrnd chromatin: a complex of a nucleic acid with basic proteins (as histone) in eukaryotic
medical dictionary, (accessed 10/1/08; definitions on !

file with author; http://Awwnynim.nin, gow/medlineplus/ cells that is usually dispersed in the interphase nucleus and condensed into chromo-

mplusdictionary.htmi) with minor modificatians for clarity, somes in mitosis and meiosis.
as Indicated by italics.

chromosome: any of the usually linear bodies of the cell nucleus of eukaryortic or-
ganisms that take up basophi]ic stains and contain most or all of the genes of the or-
ganism; a condensed form of chromatin found prior to cell division. When chromosomes
have replicated, but are still attached ar the centramere, they are called sister chromatids.
h licated, but are still attached ar th # th lled sister ch tidls

demethylation: the process of removing a methyl group from a chemical compound.

Methyl groups bound to DNA generally inhibit DNA function.

diploid: having the basic (haploid) chromosome number doubled. Diploid is the

normal state for somatic (i.e., body) cells.

DNA: any of various nucleic acids that are usually the molecular basis of heredity,
thar are constructed of a double helix held together by hydrogen bonds between
purine and pyrimidine bases, which project inward from two chains containing alter-
nate links of deoxyribose and phosphate, and that in eukaryortes are localized chiefly
in cell nuclei—also called deoxyribonucleic acid.

embryo: an animal in the early stages of growth and differentiation thar is charac-
terized by cleavage, the laying down of fundamental tissues, and the formation of
primitive organs and organ systems; especially the developing human individual from
the time of ferrilization to the end of the eighth week after conception (cleavage com-
mences immediately after feriilization at the two cell stage).

eukaryote: any of a domain (Eukarya) or a higher taxonomic group (Eukaryota)
above the kingdom that includes organisms L'nmpused of one or more cells contain-
ing visibly evident nuclei and organelles.

fertilization: the process of union of two gametes whereby the somatic chromosome
number is restored and the development of a new individual is initiated.

gamete: a mature male or fﬂma]e gﬂfm Ce” (Spffm ar Eg) USUE[”)’ possessing a hﬂp'
loid chromosome set and capable of initiating formation of a new diploid individual
by fusion with a gamete of the opposite sex—also called sex cell.

gene: a specific sequence of nucleotides in DNA that is located usually on a chromo-
some and that is the functional unit of inheritance controlling the transmission and
expression of one or more traits by specifying the structure of a particular polypep-
tide and especially a protein or controlling the function of other genetic material —
also called determinant, determiner, factor.

14
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genome: one haploid set of chromosomes with the genes they contain.

haploid: having the gametic number of chromosomes or half the number character-
istic of somatic cells.

histone: any of various simple water-soluble proteins that are rich in the basic amino
acids lysine and arginine and are complexed with DNA.

hydﬂtidifﬂrm mole: a mass in thf uterus th.lt CUnSiS[S Of t‘nIargEd t:d(:‘rna[uus dfgﬂn’
erated chorionic villi, growing in clusters resembling grapes, that typically develops
following fertilization of an enucleate egg, and that may or may not contain fetal
tissue.

meiosis: the cellular process that results in the number of chromosomes in gamete-
pruducing cells I:leing reduced to one half and that involves a reduction division in
which one of each pair of homologous chromosomes passes to each daughter cell and
a mitotic division.

mitosis: a process that takes place in the nucleus of a dividing cell, involves typically
a series of steps consisting of prophase, meraphase, anaphase, and telophase, and
results in the formation of two new nuclei each having the same number of chromo-
somes as the parent nucleus.

ﬂucleus: a L’t:“ular UIgant’lIC Uf Cukﬂryu[eb that is fssentiaI o [t‘ll fun[tiunh (aﬁ repr()—
duction and protein synthesis), is composed of nuclear sap and a nucleoprotein-rich
network from which chromosomes and nucleoli arise, and is enclosed in a definite
membrane.

organism: an individual constituted to carry on the activities of life by means of
organs separate in function but mutually dependent: a living being.

ovum (oocyte, egg): a female gamete—especially a mature egg that has undergone
reduction, is ready for fertilization, and takes the form of a relatively Iarge inactive
gamete providing a comparatively great amount of reserve material and contributing
most of the cytoplasm of the zygote.

parthenote: an individual formed by development of an unfertilized, usually female,
gﬂme[ﬂ [har occurs CSPECia”Y amﬂﬂg l()Wﬂf Planrs J.nd invt‘rtﬂbfatf animﬂ]s.

pronucleus: the haploid nucleus of a male or female gamete (as an egg or sperm) up
to the time of fusion with that of another gamete in fertilization.

protamine: any of various strongly basic proteins of relatively low molecular weight
that are rich in arginine and are found, associated especially with DNA, in place of
histone in the sperm of various animals.
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RNA: any of various nucleic acids thar conrain ribose and uracil as strucrural compo-
nents and are associated with the control of cellular chemical activities—called also
ribonucleic acid. Messenger RNA is an RNA produced by transcription that carries
the code for a particular protein from the nuclear DNA to a ribosome in the cyto-
plasm and acts as a template for the formation of that protein—also called mRNA.

SCNT/Cloning: Somatic cell nuclear transfer (SCNT); transplanting nuclei from

body (i.c., somatic) cells to enucleated eggs.
sister chromatid: see chromosome,

sperm (spermatozoa): « sperm cell; a motile male gamete of an animal usually with
rounded or elongate head and a long posterior Hagellum.

syng'amy: SCXUHI rt‘pr()dun‘[iun I:ly uﬂi{]n UFgﬂm(’tt‘S. (:0”1]710”!{}’ Hft‘ﬂ' to ??ﬁ'r to t})e
break-down of nuclear membranes of the pronuclei approximately 24 howrs after sperm-

egg fusion.
transcription: the process of constructing a messenger RNA molecule using a DNA
molecule as a template with resulting transfer of genetic information to the messen-

ger RNA,

translation: the process of forming a protein molecule at a ribosomal site of protein
synthesis from information contained in messenger RNA.

zona pellucida: the transparent more or less elastic noncellular glycoprotein outer
layer or envelope of a mammalian ovum.

zygote: a cell formed by the union of two gametes; broadly, the developing individu-
al produced from such a cell.

16
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A. Sperm-egg fusion: Prior to fusion, the
maternal nucleus is arrested at meiosis 1. Sister
chromatids (one pair illustrated) are non-
identical due to genetic recombination during
oogenesis,

B. Zygote formation: The zygorte forms im-
mediately upon sperm-egg fusion. Factors from
the sperm initiate (;omplctit)n of meiosis 11 in
the maternally derived nucleus. Within 1-3
minutes, L’h;mgc's in cellular calcium initiate
the cortical reaction of the zygote, making the
cell refractory to fusion with other sperm.

C. Early acts of the zygote: Within 30
minutes, meiosis Il is complete, establish-

ing the final diploid genome of the zygote.
Sperm binding sites in the zona pellucida are
destroyed. Both nuclei undergo decondensa-
tion. Paternal DNA is more rapidly and more
extensively demethylated than maternal DNA.

D. Onset of zygotic transcription: DNA rep-
lication begins at 8-10 hours, converting both
nuclei to a (2N) state. Transcription commenc-
es immediately following DNA replication.
The paternal nucleus suppresses transcription
in the maternal nucleus.

E. Syngamy: After approximately 20-25 hours,
the pronuclei move mgstht‘r and their nuclear
membranes break down. The chromosomes
align and mitosis begins immediately.

E. Two-cell embryo: Cell division generates a
two-cell embryo. Transcription increases and
development beyond this stage depends on zy-
gotic transcription. Evidence suggests that each
cell is biased towards distinct developmental
paths, and that they interact coordinately to
orchestrate subsequent development.
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THE WESTCHESTER INSTITUTE
FOR ETHICS & THE HUMAN PERSON

The Westchester Institute for Ethics & the Human Person is a research institute L‘undu(ting

interdisciplinary, natural law analysis of complex, contemporary moral issues as yet unre-
solved among Judeo-Christian scholars.

Anchored in the classic perennial and Catholic view of the human person, our moral in-

quiries are first and foremost of a scholarly narure. However, we pursue answers to disputed

uestions with an eye toward enriching the quality of contemporary moral discourse and
q b ) 4
fostering sound prudential judgment in cultural and political matters.

& judg

We are currently dedicared to the following issues:

The genesis of human life and the moral status of the human embryo

The search for scientifically and morally feasible alternatives to embryo-based
biomedical research

The use of emergency contraception in rape protocols

The determination of human death and end-of-life issues

The relationship between religion, science, and reason as sources of moral insight for
modern society

The Westchester Institute and its scholars have become a distinguished resource and point of

reference for think-tanks, centers for applied research, and institutes of public policy analysis.

www.westchesterinstitute.net
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