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An organism arises from every nucleus
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Abstract: The fact that, cloning using somatic cell nuclear transfer (SCNT) method has been performed, opened new hori-
zons for cloning, and changed the way of our understanding and approach to cell and nucleus. The progress in cloning tech-
nology, brought the anticipation of the ability to clone an organism from each somatic cell nucleus. Therefore, the 'Cell The-
ory' is about to take the additional statement as "An organism arises from every nucleus". The development of gene target-
ing procedures which can be applied with SCNT, showed us that it may be possible to obtain different versions of the orig-
inal genetic constitution of a cell. Because of this opportunity which is provided by SCNT, in reproductive cloning, it would
be possible to clone enhanced organisms which can adapt to different environmental conditions and survive. Furthermore,
regaining the genetic characteristics of ancestors or reverse herediter variations would be possible. On the other hand, in
therapeutic cloning, more precise and easily obtainable alternatives for cell replacement therapy could be presented. How-
ever, while producing healthier or different organisms from a nucleus, it is hard to foresee the side effects influencing nat-

ural processes in long term is rather difficult.
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According to 'Cell Theory', all eukaryotic organisms
consists of cells and these cells are the smallest inde-
pendent units of life. This theory first suggested by
Botanist Matthias Schleiden (1838) and zoolog
Theodore Schwann (1839). Afterwards, the famous
aphorism of Rudolf Virchow (1855) 'all cells arise
only from pre-existing cells' (Omnis cellula e cellula)
and the addition of Eduard Strasburger (1897) 'all
nuclei arise only from pre-existing nuclei' (Omnis
nucleus e nucleo) has shaped the theory into its known
and generally accepted form [1,2]. The progress in
cloning technology, brought the anticipation of the
ability to clone an organism from each somatic cell
nucleus. As the technology of cloning an individual
from an adult nucleus which is completed its differen-
tiation is further developed, cell theory is about to
take the additional statement as "An organism arises
from every nucleus". Furthermore, the development
in cloning technology has shown that it may be possi-
ble to clone organisms which contain different ver-
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sions of original genetic constitution from every
nucleus.

Cloning means generating a series of living beings
which have identical genetic structure, and nowadays
it is widely performed by nuclear transfer (NT). NT is
a method of cloning which involves the procedure of
removing the genetic material containing nucleus
(karyoplast) of a donor cell and transferring it into an
enucleated oocyte or zygote (cytoplast). Metaphase 11
oocyte (M-II oocyte) is the most widely used cyto-
plast. In cloning by NT, cultured donor cells in Gy/G,
phase are placed in perivitelline space of enucleated
M-II oocyte and they are subjected to fusion and stim-
ulated for mitosis using electrical current [3-5].
Cloning which is performed by transfer of the nucleus
of undifferentiated embryonic cell (blastomer) is
called embryonic cell nuclear transfer (ECNT) and the
method using the transfer of the somatic cell nucleus
of an adult is called somatic cell nuclear transfer
(SCNT). In terms of success rate, evaluation and com-
parision of cloning studies is open to discussion. It is
claimed that there is no difference between adult and
fetal cells in terms of NT success rate [6], however the
success rate of reproductive cloning performed using
embryonic stem cells are found to be 5-10 times better
than using somatic cells of donors [7]. The progress of
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embryo cloning from embryonic, fetal or adult sourced
cultured cells shows that potential applications of NT
will have a wide range of implementation [8]. As
a result of improvements of gene targeting procedure
on cultured cells which are used as nucleus donors in
cloning method, potential applications such as produc-
tion of organs for transplantation, basic research in
control of gene expression and functions and the role
of genetic and epigenetic alterations in diseases and
normal growth, may be available [9,10].

According to their purposes, cloning studies can be
categorized in two groups: therapeutic cloning and
reproductive cloning. In therapeutic cloning, pluripo-
tent stem cells are obtained from the embryo created
by cloning of an adult cell for treatment purposes. The
aim of this method can be described as cell-replace-
ment therapy [11]. In reproductive cloning studies,
lambs were cloned using NT application from a cell
passage which is cultured from cells obtained from
sheep embryo. Therefore, obtaining a mammalian off-
spring, an opportunity arises to analyse and modify
gene functions [12]. After this advancement, a lamb
was cloned from adult mammary gland cell by SCNT.
The birth of a lamb from a somatic cell of an adult,
showed that there is no irreversible modification of
genetic material in differantiated cells [13]. However,
because of cell reprogramming in reproductive
cloning, it is claimed that clone becomes a different
individual than donor [14].

The fact that mammals were cloned from differen-
tiated donor cells by SCNT, showed that even the cells
completed their differentiation have the entire genetic
information (nuclear totipotency) to create an entirely
grown organism [10], and disproved the belief
"development is an irreversible process" which is an old
dogma [15]. In differentiated somatic cells, DNA metila-
tion model, which is an epigenetic modification, mediat-
ing important aspects of genom functions, is usually sta-
ble. However, metilation model of nucleus is repro-
grammed in cloning [16]. Nuclear reprogramming
induces epigenetic profile changes and confers pluripo-
tency on specialized somatic nuclei. Hybrid cells
obtained by the in vitro fusion of adult somatic cell nucle-
us with embryonic stem cells, can be reprogrammed [17].

Gene targeting procedures allowing some opera-
tions on nucleus which will be cloned, are still being
improved. When SCNT and gene targeting precedures
are applied together, it will provide a very wide range
field of study. Altough this situation may cause some
expected concerns, it carreis new and fundementally
important hopes.

Due to SCNT, it will be possible to clone organisms
which can easily adapt to changing environmental
conditions or create new species that can survive under
different environmental conditions. It is known that
the species which can not adapt to natural conditions
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will be extinct, and variant species which fit the con-
ditions can reproduce and survive. These mutations are
not only crucially important for existence of species
but also they may be essential for biologic functions of
an individual. However, after mutation process, variant
species may lose their not required but beneficial
herediter characteristics.

SCNT allows us to observe the development of off-
spring, thus SCNT present opportunities such as
research and control on the differentiation, dedifferenti-
ation and transdifferentiation of cells during these
processes [18]. It may be possible to overcome the prob-
lem of cell differentiation stability, because of nuclear
reprogramming feature of SCNT. Genes which are
silent in differentiated form of cell, become active, how-
ever genes peculiar to differentiated form, renders inef-
fective during reprogramming process [19]. This pro-
vides the ability to detect former healthier conditions
and affect and reverse the mutations in the long run. It is
possible for nucleus to gain the genetic characteristics of
its ancestors under former environmental conditions,
provided by a minimalized microenvironment.

The technology allowing us to analyse genetic
material and operate on it, is still developing in terms
of diagnosis and devices. Three-dimensional (3D)
chromatine nanostructure and the topologic analysis of
cell nucleus can be performed with high resolution
microscopes, and using these devices gene localiza-
tions can be defined much more precisely and accu-
rately [20]. Methods to group genetic materials
according to their characteristics are also being devel-
oped. It is possible to research chromosomes and chro-
matine in nucleolus using immunoelectron microscope
(IEM) method [20,21]. Template (old) and new syn-
thesized DNA strands can be labelled separately [22].
As these methods further develop, detection of deter-
mination and tracking of maternal and paternal
genome is getting easier. Researchers provide a very
useful approach in order to study of alterations of
peculiar to maternal genom in mammalian embryos by
placing an additional female genom into a zygote [23].

Since biotechnological applications enlighten us on
genes functional process, chance of gene tracking and
operation increases. If the maternal and paternal chro-
mosomes of a somatic cells are separately transcripted
and this genetic material could be cloned by SCNT, it
may be possible to clone ancestoral genes, including
even the ones from several generations ago.

SCNT would present more relaible, precise and
easly obtainable alternatives for cell replacement ther-
apy in therapeutic cloning area. There is no doubt, that
the methods which allow us to use patient's own cells
directly, would be more ethical. However, develop-
ments of cloning technology promises that ethical
concern would be satisfied without even needing this
approach.
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It may be possible to reverse the differentiation
process of a somatic cell. It can be achieved by dys-
functionalization or preventing the conditions needed
to function without exposing it to pathologic factors in
vivo. It can be also achieved using hybridization tech-
nology. Under these conditions, the cell will turn into
pluripotent stem cell. If this occurs, it could be consid-
ered that every cell can potentially be a stem cell.

There are limited application areas according to
types and differentiation potential of stem cells. Stem
cells or progenitor cells can actively reproduce in cul-
ture [24]. The most important aim in this area is to
detect and reproduce the stem cells which have superi-
or characteristics and potential. Some stem cells may
have superior characteristics compared to others. For
example, although, stem cells in crypts of small intes-
tinal mucosa of mice, divided approximately one thou-
sand times in their entire lifetime, there is a little
reduction in their proliferative potential and they are
exposed to carcinogenic mutations rarely, and it is
claimed that the genom of cells in this example are
overprotected [22]. Pluripotent embryonic stem cells
in inner cell mass of embryo show excessive self-
renewal in culture and preserve their differentiation
ability to all cell types. These characteristics make the
embryonic stem cells a good candidate for cell replace-
ment therapy [11]. It is required to find the most viable
stem cell line in order to provide differentiation to spe-
cific cell types (neurons, muscle cells, etc) of pluripo-
tent stem cells. In order to create new cell lines, preim-
plantation blastocysts should be destroyed [25]. How-
ever, it brings ethical discussions. Therefore, finding
the way to transform adult stem cells into pluripotent
cells is a much more acceptable alternative [11].

Hybridization may be a solution to obtain qualified
stem cells. Embryonic stem (ES) cells maintain nuclear
reprogramming activity if they are subjected to cell
fusion with adult somatic cells. Reprogrammed somatic
nuclei resemble ES cell nuclei in pluripotential compe-
tence. The somatic-derived Nonog gene which is
responsible from maintaining continuity of pluripotence
is also reactivated in the reprogrammed nuclei in hybrid
cells and also in cloned blastocysts. A new technologi-
cal advancement providing the elimination of ES cell
originated chromosomes of hybrid cells, may allow the
production of pluripotent stem cells without needing
therapeutic cloning [17]. The ideal sources for research
of pluripotent stem cells obtained by cell fusion are
adult mesenchymal stem and progenitor cells. Mes-
enchymal stem cells can be proliferated as differentiat-
ed cells and these can also differentiate to some series of
mesenchymal tissues such as bone, cartilage, adipose,
tendon, muscle and bone marrow stroma [26]. Meso-
dermal progenitor cells proliferates without showing an
obvious aging and because they differentiate not only to
mesenchymal cells but also to visceral mesoderm, these
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cells may be a stem cell source for treatment of genetic
and degenerative disorders affecting mesodermal origi-
nated cells [27].

The most practical but difficult at the beginning
way to solve the problem, "which cells should be used
in which tissue", is obtaining a qualified totipotent ES
cell and its passages which can be applied to all
humans and tissues. Alternatively, at least, for each
germ layer (ecto-, endo-, mesoderm), a different cell
passage should be developed. If cells which can be
used regularly can not be obtained for cell replacement
therapy, a vast genetic reserve will be needed. Not only
being a reserve, DNA bank is an important research
material for human epidemiological studies [28].
Nucleus bank also provides a biological population
registery for observation of development of species
and genetic research. This way, a wide range somatic
nuclear reserve is established in order to be used in tis-
sue engineering in upcoming years.

SCNT can also be used to produce gametes. There
are some different troubles of obtaining a gamet from
a somatic cell, when it is needed for reproductive
health. The procedure of producing functional male or
female artificial gamete from an adult somatic cell
using NT is called as haploidization. Haplodization is
the process of obtaining haploid cells by removing
chromosomes from a diploid cell. Attemps has not
been fully succeeded yet, since there is important alter-
ations in spindle construction and chromosomal seg-
regation [29]. It is shown that, with a designed culture
system, male germ cells in vertebrate can complete
their mitosis and meiosis processes until functional
sperm is created [30]. Obtaining a gamete from stem
cells created by SCNT, using specific culture condi-
tions, will be possible after overcoming the difficulties
in mitotic-meiotic cell division, genetic-epigenetic
arrangements and reconstruction of cells [29].

In fact, in haplodization what should be done is
may be reversing zygote creation process in principle.
Obtaining blastomers which are closest cells to zygote
by SCNT, can smooth the way for haplodization.

The difference between male and female cells is an
important detail for cell-replacement therapy. In males,
testosterone expressed by testes differentiated trough
mammalian Y-linked gene Sry affects organs and caus-
es masculine patterns of growth. Therefore, some XX
and XY tissues, become sexually dimorphic althought,
they develop in a similar endocrine environment [31].
While X chromosome is considered to be the subse-
quent of ancestral genes from evolutionary times, coun-
terpart chromosome Y is degenerated owing to its lack
of recombination [32]. Therefore, cells of a male not
carrying Y chromosome may be considered healthier in
some ways.

Being already responsible from reproduction,
usage of gametes in cloning studies may prove to be
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advantageus. Genotype-phenotype studies have shown
that, only one phenotype, sex, has perfection and bina-
ry correlation with genotype [28]. Techniques such as
multiple-color primed in situ labelling (multi-PRINS),
multiple-fluorescence in situ hybridization (multi-
FISH) and comparative genomic hybridization (CGH)
provide identification of molecularly differentiated sex
chromosomes and DNA composition of sex chromo-
somes [33,34]. It possible to create new combinations
defining chromosomal details of meiotic division and
utilising separation of chromosomes and their tran-
scription. This depends on the condition of elucidation
of DNA reconstruction principles. When a second
X chromosome is created in a somatic cell which is
forced to meiosis or Y chromosomes of which is
removed, this hypothesis may come true.

Sex chromosomes are derived from ordinary auto-
somes [32]. For example, human spermiums derived
from spermatogoniums which have 44A+XY chromo-
somal combination. They become 22A+X and 22A+Y
combinated chromosomes by meiotic division during
spermatogenesis. This incidence shows that X and Y
chromosomes can be divided from a healty cell in a
natural way. If two separate spermatid bearing 22A+X
chromosome which belong to a male can be used in
cloning technology, it may be possible to clone oppo-
site sex (a female) from a male. In this case, it may be
possible to obtain cells which does not bearing a Y
chromosome from a male to a female for currently
advancing human tissue engineering studies.

Researchers have created XX-XY chimeras and have
shown that, female cells are able to functionally exist in
male organs. It has been observed that, testicular eggs
(XX germ cells) produced in seminiferous tubules of
XX-XY chimeric testes resume oogenesis, have an egg-
specific structure and zona pellucida and are able to fuse
with sperms. Determining that, testicular eggs undergo
maternal imprinting despite testicular environment, it is
shown that, genomic imprinting does not necessarily
always follow environmental conditions which lets germ
cells survive [35]. These data shows that male cells may
not lose their maternal characteristic in endocrinal envi-
ronment. Although, it is not possible to create a male
cell from a female cell due to absence of Y chromosome,
or only way to achieve it is to introduce a Y chromosome
to the female cell, it is possible to clone a female cell
from a male cell.

These hypotheses carry vital importance especially
for cell-replacement therapy applications on human.
However, these studies can be possible and useful only
establishing a general consensus following legal
arrangements and ethical discussions. It is also obvi-
ous, that much more detailed information and technol-
ogy is needed to perform these studies.

It seems that providing ideal health conditions and
supporting reproduction of mammalian species will be
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possible by their own cells. The statement "An organ-
ism arises from every nucleus" is not only describing
the current status, like accepted cell theory statements,
it also points out the starting point of which may be
possible in near future. Cloning a different or a health-
ier organism from a nucleus may be possible, howev-
er it is unclear and rather difficult to foresee its long
term effects on natural processes.
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