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ABSTRACT   It is generally considered that animal cloning by nuclear transfer originated in proposals

made by Hans Spemann (1936), following his experiments on delayed nucleation in the newt egg,

which were preceded by similar attempts using the sea-urchin egg (Loeb, 1894). Briggs and King

(1952) were the first to succeed in transplanting blastula and gastrula nuclei into the enucleated frog

egg and in obtaining a significant number of normal tadpoles by means of this technique. We

present evidence that much earlier (1895) Yves Delage (1854-1920), a French biologist, had clearly

formulated the same experimental project of nuclear transfer, as a means to test Weismann’s theory

of cell differentiation during embryonic development. This was also Spemann’s motivation. Both

Delage and Spemann were aware of Loeb’s experiments (1894), in which delayed nucleation in the

sea-urchin egg was found to result in twin larvae. It is difficult to decide whether Delage’s project

was influenced by Loeb’s findings. On the other hand, it seems that Spemann was not aware of

Delage’s proposal, since he did not express his own ideas on extended nuclear transfer before 1936.

Finally, neither Delage nor Spemann imagined that nuclear transfer could be a means of obtaining

groups of genetically identical animals (reproductive cloning).
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Although it is commonly believed that Hans Spemann, in the early
decades of the 20th century, pioneered the ideas of nuclear trans-
plantation and reproductive cloning, a French biologist, Yves Delage
(1854-1920), had proposed much earlier (1895) the concept of
nuclear equivalence and suggested experiments of  nuclear transfer.

Introduction

Normal development up to the tadpole stage following trans-
plantation of a nucleus taken from an early embryonic cell (blastula,
gastrula) into an unfertilized, enucleated, activated egg was
obtained for the first time in the frog Rana pipiens by Briggs and
King (1952), who thus succeeded in cloning a vertebrate by
nuclear transfer. That experimental technique had, however,
been imagined previously by several investigators (see Mc Kinnell,
1978, for a detailed review), of whom Hans Spemann, recipient of
the 1935 Nobel Prize of Medicine and Physiology for his work on
embryonic inductions and the "organizer" concept, has been
considered the main pioneer for having explicitly postulated such
an experiment in a vertebrate (Spemann, 1936, 1938). During the
last few years, Spemann’s original responsibility in instigating
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mammalian cloning experiments, including their controversial
extension to human beings, has been frequently cited. However,
it must be emphasized that the primary aim of nuclear transfer, as
imagined by Spemann, was not to obtain groups of genetically
identical animals, but to test one of Weismann’s hypotheses
(1892, 1893). According to Weismann’s germ plasm theory, cell
differentiation was the consequence of unequal nuclear division
occurring early during cleavage and embryonic development.
The resulting nuclear differences would lead to the emergence of
correspondingly different cell types. It appears that the first
attempt to test the respective roles of nucleus and cytoplasm in
heredity by nuclear transfer experiments was made by Rauber
(1886). Using two syringes, this author exchanged the zygotic
nuclei between a frog egg and a toad egg one hour after they had
been fertilized. It is not surprising that such rough treatment
resulted in the developmental arrest of both eggs. The disap-
pointed author could only theorize about a mixed nucleo-cyto-
plasmic contribution to hereditary transmission. In the same
article, Rauber claimed priority over Weismann for the distinction
between germ cells and somatic cells. More than a half-century
later, Rostand (1943), aware of Spemann’s suggestions, tried
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transplanting embryonic nuclei into frog eggs, but did not obtain
conclusive results. Nevertheless, as emphasized by Mc Kinnell
(1978), "he speculated in considerable detail on methodology of
nuclear exchange […] and considered the possibility of interspe-
cific nucleocytoplasmic hybrids". Working on newt eggs, Lopashov
(1945) was similarly unsuccessful in transplanting blastula nuclei.
Finally, Briggs and King (1952), after solving numerous technical
problems, successfully accomplished nuclear transplantation into
frogs’ eggs (Rana pipiens) for the first time. By improving their
techniques, they obtained development of a high proportion (40
to 60 percent) of tadpoles from enucleated eggs injected with
blastula nuclei, thereby providing evidence of developmental
totipotency of those nuclei. The ability of cloned Rana tadpoles to
metamorphose was demonstrated in later experiments (Briggs
and King, 1960). The first cloned adults were obtained in another
anuran, Xenopus laevis (Gurdon et al., 1958; Gurdon, 1962), but
the proportion of injected eggs developing into apparently normal
tadpoles was found to become increasingly reduced when the

transferred nuclei were taken from more and more advanced
embryos. Very few adults were obtained with nuclei from differen-
tiated cells. Early developmental abnormalities, resulting from
several possible causes, were repeatedly observed by a number
of authors, who extended all these results to several amphibian
species. Detailed reviews of their contributions and discussions of
the related problems were published in an informative book on
amphibian cloning by Mc Kinnell (1978), who considered Spemann
to be the initiator of the nuclear transfer technique.This viewpoint
has continued to be repeated in several reports about cloning and
corresponds to a widespread opinion among biologists (Mc Kinnell
and DiBerardino,1999; DiBerardino, 2001; Klotzko, 2004)*.

In the following essay, we present evidence that the French
biologist Yves Delage, whose writings had been overlooked by
Mc Kinnell, expressed similar views on the use of nuclear transfer
in studying cell differentiation as early as 1895. According to
Delage’s theory, early embryonic nuclei should be equivalent and
retain the same potentialities as the nuclei of sex cells. His
thoughts on this matter have already been briefly mentioned by
one of us (Fischer, 1979), but that information has so far been
disregarded in the scientific literature. We shall first reconsider
Spemann’s contributions to the problem at the beginning of the
20th century, as well as the pioneering work by Loeb (1894) which
may have led to the idea of nuclear transfer as a means of
studying embryonic development.

Loeb’s experiments on delayed nucleation (1894)

In 1891, Hans Driesch had demonstrated that a single blas-
tomere separated from a sea-urchin egg at the 2-cell stage was
able to develop into a smaller but normal pluteus larva and not into
a partial larva, as was the case for the ascidian egg (Chabry,
1887). Similar results were obtained with blastomeres from the 4-
cell stage. This regulative phenomenon aroused wide interest
(Sander, 1992). It showed that the first four blastomeres derived
from the fertilized egg were equivalent to it and that each blas-
tomere had the same overall potentialities. Jacques Loeb (1894)
extended the analysis of this "equipotentiality". Ten minutes after
an artificial fertilization, he placed sea-urchin eggs in hypotonic
sea water (1 volume of distilled water added to 1 volume of sea
water). The vitelline membrane of the egg burst and a cytoplasmic
hernia was extruded through the opening, giving rise to an
exovate that remained attached by a narrow pedicle to the main
mass of the egg. That exovate contained the gamete nuclei and,
subsequently, the zygotic nucleus. At first, the anucleate hernia
failed to cleave, but after the egg had been transferred to normal
sea water, a cleavage nucleus occasionally moved to the exovate,
which subsequently developed into a second embryo (Fig. 1,
corresponding to original Figs. 3 and 4 in Loeb’s article). In some
instances, Loeb obtained three or four embryos from the same
egg with several exovates. Clearly, the daughter nuclei of the 2-
, 4- or 8-cell stages were still identical and had the same poten-
tialities as the zygotic nucleus from which they originated. The
results of Driesch and Loeb showed that these nuclei had not yet
lost any of their overall hereditary properties, which was at
variance with Weismann’s theory. Nevertheless, whereas Loeb
rightly believed that the egg cytoplasm was not divided into
specialized territories, he still conceded that the cleavage nuclei
should differ from each other with respect to their constituents.

Fig. 1. Delayed nucleation experiment in the sea-urchin egg [adapted

from Loeb (1894), Fig. 3 (top) and Fig. 4(bottom)]. (Top) A cleavage
nucleus is moving into the cytoplasmic anucleate exovate (II), which now
becomes independent of the main portion of the egg which started
cleaving earlier (I), two blastomeres of which are drawn. (Bottom) The
exovate starts cleaving (two cells) and will give rise to a twin embryo.
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*Note added in proof: A general review on nuclear transplantation in animals
and related problems during the last 50 years has also been published by
J.B.Gurdon and J.A.Byrne (2003) in Proc. Natl. Acad. Sci. USA 100: 8048-8052.
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This idea was, however, difficult to reconcile with the results of the
twinning experiments. Loeb did not speculate on a possible
extension of his results to nuclei from later embryonic stages,
probably because when a nucleus from a 64-cell stage was
involved in the re-nucleation after the hypotonic treatment, it led
to abnormal skeletal formation and other developmental disor-
ders in the twin embryo. Loeb also rightly emphasized that too
small a volume of extruded cytoplasm would be unable, for
mechanical reasons, to develop into a blastula.

Spemann’s delayed nucleation experiments (1914, 1928,
1936)

Following attempts by his student Otto Mangold to perform
constriction experiments on fertilized newt eggs in 1913, Spemann
(1914) published a short account of delayed nucleation experi-
ments in similar uncleaved fertilized eggs that he had constricted
with a fine hair ligature prior to the first division of the zygotic
nucleus, which was included in one of the two parts united by a
narrow cytoplasmic pedicle (Fig. 2A). A cleavage nucleus close to
the constriction was later allowed to cross the cytoplasmic bridge
by partly releasing the ligature (Fig. 2B). The formerly non-
nucleated part then began to cleave, which led to formation of twin
embryos in a number of cases (Fig. 2C). Since then, this experi-
ment has been described and illustrated in most textbooks of
developmental biology.

Spemann (1928) claimed that, when the idea of this experi-
ment came to him, he had completely forgotten the similar results
obtained by Loeb, whom he did not cite in his 1914 article. Later,
in 1922 and 1923, he entrusted one of his students, Heinrich
Schütz, with a systematic repetition of the ligature experiments,
which were performed on approximately 250 eggs. Schütz sub-
mitted a typewritten doctorate dissertation in 1924, but did not
publish his results. Spemann included them with those he had
obtained in 1914, which he described in greater detail
(Spemann,1928). The article dealt with dorsoventral and bilateral
symmetry determination in the fertilized egg, in relationship with
the location of the organizer field in the grey crescent, etc. The
original protocols of the ligature and delayed nucleation experi-
ments have all been recently re-examined and analyzed by

Fässler (1997, pp. 152-191). At this time, Spemann had not yet
suggested attempting nuclear transfer from a later cleavage
stage. This proposal was presented in his comprehensive book
on experimental studies for a theory of development (Spemann,
1936), the English version of which appeared in 1938. In this book
Spemann illustrated with many details the ligature and delayed
nucleation experiments that were performed at the dawn of
experimental embryology by himself and other authors (Spemann,
1936, pp.13-24). They were quoted again in a discussion on the
"determination" concept (p.135), where there appeared the "fan-
tastic" project to transfer a nucleus from a morula or, still better,
from a differentiated cell, into an enucleated egg, provided that a
suitable technique could be devised to extract the cell nucleus.
The entire paragraph was cited in its English version by Mc Kinnell
(1978, p.4) and DiBerardino (1987, p. 624). We will transcribe only
its most significant sentences: "From the assumption of Weismann
concerning the differential division of the nucleus, there would
follow immediately a restriction of the potency of the genome; for
if the germ plasm were separated during development into its
constituent parts and distributed over the single cells of the body,
it is evident that each of these cells would contain only its allotted
portion and would lack all the remainder.[…] Decisive information
about this question may perhaps be afforded by an experiment
which appears, at first sight, to be somewhat fantastical. It has
been shown, as pointed out before, in the egg of the sea-urchin
(Loeb, 1894) and the newt (Spemann, 1914) that a piece of egg
protoplasm which contains no nucleus may be induced to de-
velop, may be "fertilized", as it were by a descendant of the
fertilized egg nucleus.[…] Probably the effect could be attained if
one could isolate the nuclei of the morula and introduce one of
them into an egg or an egg fragment without an egg nucleus.[…]The
experiment would have to be extended so that older nuclei of
various cells could be used. This experiment might possibly show
that even nuclei of differentiated cells can initiate normal develop-
ment in the egg protoplasm". (Spemann, 1938, pp.210-211). We
would just like to mention that the words "germ plasm" and
"idioplasm" are used to translate the German "Erbmasse", which
means "hereditary mass" and thus corresponds to the "germ
plasm" (Keimplasma) of Weismann or the "idioplasm" of Naegeli.
But Spemann did not use Weismann’s word, which probably

Fig. 2. Delayed nucleation experiment in the newt egg (adapted and modified from Spemann, 1928, 1936). (A) An uncleaved fertilized egg is
constricted with a hair ligature; the zygotic nucleus will form in the right hand part, which shows the maturation spot with the 1st polar body. (B) Several
hours later, a nucleus from the cleaving right part (8-16 cell stage) is allowed to cross the cytoplasmic bridge and to move to the non-nucleated left part.
(C) The separated left part of the egg has given rise to a morphologically normal embryo, whose development is delayed by several hours compared to
the embryo forming from the right part.

A B C
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already sounded too obsolete and did not correspond to modern
genetical views. Spemann’s prediction about the possibility of
obtaining normal development following the transfer of a nucleus
from a differentiated cell now appears prophetic, even if it has
proven difficult. However, we wish to make the point that similar
predictions concerning nuclear transfer had been made quite
independently much earlier by Delage (1895).

Delage’s proposal of nuclear transfer (1895)

Yves Delage (1854-1920) was appointed Professor of Zoology
in the Faculty of Sciences of Paris, at the Sorbonne, in 1885. He
then became the head of the Roscoff marine laboratory of the Paris
Faculty in 1901 and he was elected to the Paris Academy of
Sciences the same year (Fig. 3). Detailed accounts of his scientific
career and of his commitments can be found in Fischer (1979,
1990, 1995, 1996) and in Paul (1985). One of his main contribu-
tions to embryology resides in his merogony  experiments (anucleate
cytoplasmic fragments of a single echinoderm egg were fertilized
by spermatozoa and developed into larvae), which were followed
by his demonstration of artificial parthenogenesis resulting from
physical or chemical treatments; this was also one of the pioneer-

ing topics of Loeb (Delage, 1899; Delage and Goldsmith, 1913). In
1895, Delage published a large book on "General Biology" entitled
"La Structure du Protoplasma, les théories sur l’Hérédité et les
grands problèmes de la Biologie générale". He strongly attacked
the classical ideas on zoology that were still prevalent among his
French colleagues and opposed them to the new achievements in
general and experimental biology that were being obtained in other
countries (e.g. Haeckel, O. and R. Hertwig, Weismann, Roux,
Lankester, Van Beneden). This attack was partly unwarranted and
revived a strong controversy with Alfred Giard, one of Delage’s
colleagues who held the Chair of Evolution in Paris University. The
long-lasting quarrel between these two prominent biologists has
been extensively documented by Paul (1985, pp.117-130). Any-
how, Delage’s book was successful in France and a second edition
was issued 1903, with a shortened modified title: "L’Hérédité et les
grands problèmes de la Biologie générale". The specific passages
that we shall refer to are identical in both editions.

With regard to developmental mechanisms, Delage was defi-
nitely an advocate of epigenetic processes, opposing the concepts
of preformation or predetermination and, being an evolutionist, he
still subscribed to neo-Lamarckian views, though he did not reject
mendelian heredity (Fischer, 1979, 1996).

Delage considered that cell differentiation was a consequence
of differences between the cytoplasmic components of two daugh-
ter cells issued from the same mother cell. The potential differ-
ences between their nuclei were considered to be an effect of the
respective differences in the cytoplasmic environments. This theory
opposed the views expressed by Weismann, Hertwig and Boveri,
among others. Then Delage wrote a fairly short paragraph, which
we translate as follows: "Every nucleus, at least at the beginning of
ontogenesis, is a sex cell nucleus and if, without any deterioration,
the egg nucleus could be replaced by the nucleus of an ordinary
embryonic cell, we should probably see this egg developing
without changes". (Delage, 1895, p.738; 1903, p.798). This is
clearly a proposal for performing a nuclear transfer into an enucle-
ated egg, but Delage did not give any indication about the possibil-
ity of devising adequate techniques to carry out such experiments.

Discussion

In the abovementioned paragraph, Delage thus predicted that
an embryonic nucleus would be found to be equivalent to a zygotic
nucleus if it could be transferred into an enucleated egg and, at the
same time, would have the properties of a "sex cell nucleus". The
latter statement anticipated experimental results that were ob-
tained six decades later by two followers of Briggs and King,
namely Subtelny and Bradt (1960, 1961, 1963). These authors
injected a blastula nucleus from the animal hemisphere into a
mature, non-enucleated frog egg. The somatic blastula nucleus
behaved like a diploid male pronucleus, giving rise, with its coun-
terpart, the female haploid pronucleus, to a triploid fertilization
nucleus. The egg subsequently developed into a triploid tadpole.
On the other hand, contrary to Spemann (1936), Delage did not
hypothesize that the nucleus of a differentiated cell might still be
able to play the role of a zygotic nucleus.

 In his 1895 book, Delage was already aware of the results of
Loeb (1894) on delayed nucleation experiments. He made a few
comments on them in a chapter dealing with the theoretical
problem of egg "isotropy", a concept according to which there exist

Fig. 3. Yves Delage (1854-1920) at the Roscoff marine laboratory.

(From a photograph taken c.1905).
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no qualitative spatial differences in the structures of the fertilized
egg (Delage, 1895, p.331; 1903, p.353). Delage agreed with Loeb
on the lack of predetermined portions of cytoplasm in the fertilized
sea-urchin egg, i.e., on the isotropy of this egg, in contrast to the
anisotropy of the ascidian egg (Chabry,1887; Fischer, 1992 a,b).
However, Delage, in disagreement with Loeb, rightly believed that
the cleavage nuclei were isotropic too, that is they were all similar
and retained the same potentialities as the egg nucleus. The
question now arises, as it does for Spemann’s suggestion, as to
whether or not Delage had been inspired by Loeb’s experiments
when he suggested replacing the zygotic nucleus by an embryonic
nucleus to confirm the predicted identity of their developmental
potentialities. There is no direct relationship between these two
topics, which are discussed in two separate chapters in Delage’s
book. It is therefore impossible to answer this question. Neverthe-
less, Delage clearly imagined using nuclear transfer as a means of
addressing the problem of nuclear changes in connection with cell
differentiation and of testing Weismann’s hypotheses in this re-
spect. Spemann wanted to do the same thing a few years later.
Delage’s original and pioneering proposal was first recognized by
Rostand (1962, p. 135) in a book for the layman, then mentioned
again by Fischer (1979) in a historical article dealing with Delage’s
scientific concepts. However, it has so far been ignored in the
scientific literature devoted to cloning experiments, in which
Spemann’s contribution is still considered a cornerstone, although
neither Spemann nor Delage before him had dreamed of using
nuclear transfer to obtain groups of genetically identical animals. At
least, printed evidence is lacking in this respect. Similarly, is it
possible that Spemann, who said (1928) that he had forgotten
Loeb’s experiment of delayed nucleation (1894) when he did the
same in newt egg (1914), had read Delage’s book? We believe not,
because otherwise he would probably have evoked his nuclear
transfer project earlier than 1936, especially when he described the
delayed nucleation experiments in the newt egg with so much
detail (1928). A cytological analysis of such constricted eggs was
made by Fankhauser (1930), whose two drawings of sections with
a cleavage nucleus close to the anucleate part of the egg were
reproduced by Spemann (1936). Spemann’s idea of nuclear trans-
fer applied to embryonic or differentiated cell nuclei thus appears
to be the result of a slow maturation.

Conclusion

Successful nuclear transfer techniques were considered essen-
tial for opening new roads towards the solution of a general
problem: what are the respective contributions of cell nucleus and
cytoplasm to heredity and development? These techniques were
first devised in the frog egg by Briggs and King (1952), whose skill
deserves admiration. Nuclear transfer through micromanipulation
had been performed previously in a protozoan, Amoeba
sphaeronucleus, by Comandon and De Fonbrune (1939), whose
microforge was used to prepare micropipettes for experiments in
amphibians. Delage (1895) was the first scientist to make correct
predictions about the results of such experiments with animal eggs,
but there is no trace of any attempt to perform them and his project
fell into oblivion. Nevertheless, he should be mentioned as a
pioneer of nuclear transfer, together with Spemann who, four
decades later (1936), expressed similar views probably of his own,
following his earlier experiments on delayed nucleation (1914),

themselves similar to those of Loeb (1894). But neither Delage nor
Spemann explicitly wrote that this technique could be used to give
rise to genetically identical animals. Their proposals were inspired
by fundamental problems of development and cell differentiation.
It thus seems inappropriate to state that cloning a vertebrate was
first proposed by Spemann who, moreover, has been recently
qualified as a Nazi scientist in this respect (e.g., Kahn and Papillon,
1998; repeated in several web sites devoted to cloning). This view
on Spemann’s political convictions was the subject of some discus-
sion (Fankhauser, 1972; Horder and Weindling, 1987) but has
been more recently disproved by Fässler (1997), after an extensive
analysis of Spemann’s correspondence and other publications,
from which it appears that Spemann was at variance with many
official Nazi statements.
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