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Reproduction making genetically identical organisms

Can other animals ever be made reproduce asexually? Vertebrates?  Humans?
Let’s look historically at some experiments that lay a foundation for this question
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Quick summary of existence of Genes (Dominance/ Recessiveness)
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vHypothesisis:  nucleus contains the genes

v Fertilized  egg:  all the genetic determinants to 
form a complete individual (1898)

vDuring development this genetic material is divided 
with each cell division such that each cell type 
contains only the genetic determinants required for 
that function.

v1895 August Weismann, professor of zoology and comparative anatomy at the University of Freiberg, 
theorized that the genetic information of a cell would diminish as the cell went through differentiation.
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Late 1890s

Why Sea Urchins as the model organisms?
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Do all cells of a body contain the same genes or are cells different because they contain some genes and not others?



7

Zygote
Cleavage
2Cell
4 Cell
8 Cell
Blastula
(Gastrulation)
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1892

Separated first 4 blastomeres of sea urchin embryo; each grew into new embryo

Tried this on 8, 16 celled blastulas and worked!!

Nucleus has all the genes necessary to produce a viable adult.
How is a question?
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What about an older nucleus, one from a cell that had begun diferentiation?

The original motivation for nuclear transfer experiments related to a question that had bantered around 
the scientific community for decades: 
what happens to the genome as a fertilized egg, or zygote, develops into an embryo? 
A zygote is totipotent, capable of forming every type of body cell. As the zygote divides, the cells 
differentiate and become specialized to perform a specific set of functions, such as skin, bone, or 
intestinal cells. Scientists had two opposing theories on how cells became differentiated: the cells 
either lost all genes except those relevant to their specific task, or they kept the entire genome and 
selectively turned genes on or off.

The experiment that would provide an answer was first envisioned by Hans Spemann, an embryologist 
and Nobel laureate who won the 1935 Prize in Medicine for developing new embryological surgery 
techniques. Spemann reasoned that if an egg implanted with a nucleus from a differentiated cell still 
developed into a normal embryo, this would prove that the nucleus retains a full genome capable of 
directing all types of differentiation. In other words, a differentiated nucleus could still be totipotent.
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Nuclear Equivalence in a salamander (Vertebrate)

Baby blond hair; at the 16 cell stage, one nucleus was allowed to slip through and the ligature was made complete:  two complete
embryos resulted

Vertebrates at the 16 cell stage are TOTIPOTENT

In 1938, Spemann published an account of his experiments with a rudimentary nuclear transfer 
technique (1). Using a piece of hair to constrict a newly fertilized salamander egg, Spemann separated 
the egg's nucleus on one side and the cytoplasm, or other cellular material, on the other. After the 
nucleated side divided 4 times, creating a 16-cell embryo, Spemann loosened the hair and allowed a 
nucleus to slip back into the separated cytoplasm. Cell division now began on this side as well, and by 
tightening the hair loop again, Spemann broke apart the two embryos. The end result was a twin set of 
salamanders, one slightly younger than the other. Although this work showed that the nucleus 
remained totipotent after undergoing four divisions, Spemann wondered whether nuclei from much 
older embryos, or even adult organisms, had similar potential. Transplanting an older nucleus into an 
egg would be a "fantastical experiment," wrote Spemann. However, for the next 14 years, scientists 
struggled with making such an experiment work.
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Development also involves the cytoplasm

Even early in development, at fertilization, one can see a distribution of cytoplasmic elements that makes areas different -- gray 
crescent
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Development is not dependent only upon nucleus, genetic material material, but also upon cytoplasmic elements
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Conclusion:  Differentiation is partly dependent upon environment - Cells surrounding seem to influence development

Cells become committed and then the surrounding cells/environment don’t seem to influence development
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Pondered  this question

He really wanted to try this .  He said you needed to take a nucleus from an adult cell, put in to an egg whose nucleus was 
removed, and let it develop.  Techniques were not perfected at all.

Next 14 years, many tried and techniques improved
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Robert Briggs and Thomas King

Ten years earlier tech for removing nucleus was developed but not for reinserting the nucleus without 
destroying it.  They perfected that process

Nuclear transfer is a two-part process: first, scientists remove the nucleus from an egg, and second, 
they replace it with the nucleus of an older donor cell. A new clone, a genetic copy of the donor, forms
when the egg starts to divide. Despite the seemingly simple nature of this technique, successful 
nuclear transfer thwarted scientists for many years after it was first proposed in 1938 (1). However, 
thanks to the patient efforts of two scientists, Robert Briggs and Thomas King, nuclear transfer was 
finally accomplished with the frog species  Rana pipiens. Their findings were published in a 1952 PNAS 
paper (2), irreversibly expanding the fields of genetics and development and setting the stage for 
current cloning efforts.
The idea of nuclear transfer eventually caught the attention of Robert Briggs, an imaginative character 
who'd worked in a shoe factory and earned money as a banjo player before becoming a scientist (3). In 
1949, then a researcher at Lankenau Hospital Research Institute in Philadelphia (now known as Fox 
Chase Cancer Center), Briggs was studying the role of the nucleus and its chromosomes in 
development. His previous studies centered mostly on chromosomal abnormalities, such as haploidy
and triploidy, but Briggs was completely unaware of Spemann's earlier experiments.  Briggs' funds 
would not support his new interest in nuclear transfer research, so he applied for a grant with the 
National Cancer Institute (NCI) in 1949. "Really, all he wanted was a stipend for a research fellow and 
some money for supplies and equipment. It was a modest grant, even in reference to those days," said 
Marie DiBerardino, Academy member, former research assistant with Briggs and King, and professor 
emerita at Drexel University.



However, Briggs' first grant application was immediately turned down. In the 
ensuing correspondence, NCI called nuclear transplantation a "hare-brained 
scheme" with little chance of success (4). Although disappointed, Briggs did not 
give up. He reapplied, insisting on a site visit by an NCI representative. Taking 
the representative on a tour of the lab may have been the ticket Briggs needed.
His second application was approved, giving him enough money to hire an 
assistant. 
A Clever MethodThomas King (1921-2000). Courtesy of the Society for Developmental 

Biology.  To find the right research partner, Briggs relied on the expertise of 
Roberts Rugh, a colleague and well-known embryologist at Columbia University. 
Rugh knew the perfect candidate for the job, Thomas King, who had trained 
extensively in microsurgical techniques. Such proficiency would be essential in 
performing the minute manipulations necessary for nuclear transfer. At the time, 
King was attending graduate school at New York University after serving in the 
United States Army."[King] was married, he had a little girl, and he was working 
like mad teaching at night just to support himself and his family. He saw this as a 
good opportunity," said DiBerardino.King relocated to Philadelphia, and the two 
scientists immediately got to work establishing a procedure for nuclear transfer. 
Although the basic protocol for removing an egg nucleus had been developed over 
a decade prior (5), the logistics of re-implanting a nucleus donated by another 
cell were not yet known. "The real challenge here was to not kill the nucleus when 
you're injecting it," said DiBerardino.Stages of nuclear transfer. The nucleus is 
removed from an egg (yellow photos) and replaced by a nucleus from a donor cell 
(blue photos). Courtesy of Roslin Institute, Edinburgh.Briggs and King increased their 
chances of success by working with Rana pipiens, a North American species of 
leopard frog. Like many other amphibian species,  Rana pipiens' eggs are easily 
harvested and, at more than a millimeter wide, relatively simple to manipulate. 
"They're huge, compared to other eggs," said Gurdon. "Chickens don't count 
because most of the egg doesn't form an embryo. So, in terms of complete eggs 
that form embryos, amphibian eggs are really quite unique."To obtain a donor 
nucleus, King isolated a single cell from an embryo in the blastocyst stage. At this 
point, the embryo consists of a few thousand cells clumped together in a hollow 
ball. Using a tiny glass needle, or pipette, that was only slightly smaller than the 
cell, King applied gentle suction. With just the right touch, the cell broke around 
the outside of the pipette, allowing the nucleus to be drawn inside unharmed. 
This donor nucleus was then inserted into an egg from which the nucleus had 
been removed."The method of sucking a cell into a pipette was a clever one 
because they got in just one nucleus," said Gurdon. "If you put in 100 nuclei, it 
doesn't work."
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Enucleate cells - technique avail for 10 years - glass needle right at surface as nucleus divides
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The nucleus is removed from an egg (yellow photos) and replaced by a nucleus from a donor cell (blue 
photos

Rana Pipens

Prick oocyte with glass needle:  release calcium ions and start activation (like fert))

Open a donor blastula cell and use glass pipette to transfer nucleus (SCNT = Somatic Cell Nuclear Transfer):  
CLONING!

Practice:  80% live frog larvae

13ﾐ1 The Briggs and King method of transferring nuclei. A piece of an older donor embryo, in this case the roof of the 
blastocoel of a blastula, is removed and placed in a solution that causes the cells to fall free of one another. One cell is 
drawn into a micropipette and then injected into the host embryo. The host was previously prepared as follows: first, it 
was activated by being pricked with a glass needle; second, the egg nucleus was removed by flicking it out with a glass 
needle

Despite its tedious nature, Briggs and King perfected their technique, and spent two years amassing a 
bevy of results from nuclear transplantation experiments in Rana pipiens. Reliably, around 40% of the 
eggs with donor nuclei resulted in the development of embryos, and later, tadpoles. The experiments 
were deemed a rousing success. Finally, there was proof that older nuclei could direct the 
differentiation needed to create an embryo. The two scientists published their work in PNAS in March of 
1952 (2), garnering the respect and attention of others in the field.
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Briggs and King quickly moved on to the next question: does a cell's nucleus remain totipotent as it 
continues to age and differentiate? After all, cells in the blastocyst stage are still relatively early in 
development. It was unclear whether nuclei from older, more specialized cells would retain the ability 
to direct embryonic development.Briggs and King attempted to perform nuclear transfers with 
progressively older cells, and found that as the cells developed it became much more difficult to 
produce clones (6). These results led the scientists to conclude that genetic potential diminishes as 
cells differentiate, and that it is impossible to produce a clone from the nucleus of an adult cell. 
However, John Gurdon and his colleagues at Oxford University produced conflicting research, published 
in a 1958 paper (7). Using Xenopus laevis, another species of frog, Gurdon's team showed that nuclei 
from fully differentiated intestinal cells could produce clones.

IGNORE THIS
The question remained unanswered decades later, even after high profile cloning successes including 
Dolly the sheep, cc the "copy cat" (8), and a guar (an endangered ox-like animal) named Noah, among 
others. Although cells from adult donors produced these animals, scientists had no way of knowing 
whether the donated cells were fully differentiated or actually stem cellsﾑundifferentiated cells capable 
of producing many cell types.In 2002, scientists from the Whitehead Institute resolved the debate by 
cloning mice from the nuclei of adult lymphocytes, a type of immune system cell (9). Lymphocytes 
have genetic rearrangements that distinguish them from the body's other cells; thus, the donor nuclei 
in the study came equipped with a built-in marker system, automatically setting them apart from stem 
cells that may have contaminated the samples. The scientists were able to see direct evidence that the 
clones came from differentiated cellsﾑeach bore the distinctive mark carried by its donor's 
lymphocytes.These results confirm that it is possible to produce a clone using the nucleus of a fully 
differentiated cell; however, it certainly isn't easy. "Forty percent is an extraordinarily high success 
rate," said Gurdon, referring to Briggs and King's results with nuclei from blastocyst cells. "If you take 



the nuclei of adult animals, they work at less than one percent." Difficulties 
specific to mammalian cells resulted in 276 unsuccessful tries before Scottish 
researchers produced Dolly (10). Some species, such as primates, dogs, and 
chickens, have thus far proven intractable to cloning (11).
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Conflicting info with Briggs and King:  Older nuclei, from intestinal cells, could produce whole adults

Use slightly different technique; different frog (African clawed frog); epithelial cells

Cultured  skin cells from foot webbing of adults and intestinal cells; contained proteins unique to each cell type; they were
differentiated
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First Generation:  Did not progress further than neural tube (after gastrulation).

Performed Serial transplantation:  Second generation  -- many  tadpoles resulted but they died before feeding they are 
PLUIPOTENT
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Genomic equivalence: evidence from amphibian development 

All cells contain equivalent DNA
Identical twins develop from single eggs 

Cell nuclei are totipotent at least to16-cell stage 

Spemann Experiments 

Many species show regulation of early development 

Amphibian nuclear transplantation experiments 

Frog eggs are very large (~ 1mm) & develop in vitro
Stage zygote blastula gastrula embryo adult Events fertilized eggcell divisioncell movementsdifferentiation
determination
Nuclei from blastula stage support 'normal' embryonic development (Fig.20.03) Determination of nuclei from 
differentiated tissues can be reversed (Fig.20.04) 

Gurdon Experiments

De-differentiation can be enhanced by serial transfer (see Table 20.1) 
note: it is difficult to obtain adults by nuclear transplantation: 

Mammals are more difficult: "Dolly" & "Cumulina" are exceptions 
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Frogs resulted from nuclei a tadpole (immature) frog placed into activated and enucleated oocytes of green frogs.

Asexual Reproduction

STILL NOT AN ADULT ANIMAL;  ALSO NOT A MAMMAL
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On the way, Other examples

Megan and Morag (below) were the first mammals cloned from cultured mammalian cells;  these were not adult cells 
but very young blastocyst cells

What about vertebrates  from  adult cells?

The team at the Roslin Institute were seeking a way to modify the genetic constitution of sheep and cattle more 
effectively than the hit and miss method that was the only method available at the time 
In Microinjection, DNA is injected into the pronucleii of fertilized oocytes. However, only a small proportion of the 
animals will integrate the injected DNA into their genome and in the rare cases that they do integrate this new genetic 
information, the pattern of expression of the injected piece of DNAﾕs gene, due to the random integration, is very 
variable. The team choose to combine two approaches ﾐ
Microinjection and Embryonic stem cells. In order to achieve this they decided to try to transfer the nucleus from one 
cell to another and stimulate this new cell to grow and become an animal, a process known as Nuclear transfer. The 
team at the Roslin Institute tried to make immortalized and undifferentiated Embryonic stem cell lines in sheep, but 
failed. As a result they decided to work with cultured blastocyst cells. 
The nuclear material of these blastocyst cells would be transferred into an unfertilized sheep egg cell, an oocyte where 
the nucleus had been removed. To optimize the chances of successful nuclear transfer, they put the cultured cells into 
a state of quiescence, which was a similar state to that of the unfertilized egg cell.  Nuclear transfer was done, using 
electrical stimuli both to fuse the cultured cell with the enucleated egg and to kick start embryonic development. 
From 244 nuclear transfers, 34 developed to a stage where they could be placed in the uteri of surrogate mothers. In 
the summer of 1995, five lambs were born, of which two ﾐ Megan and Morag ﾐ survived to become healthy fertile 
adults. 



These were the first mammals cloned from differentiated cells. They were born with the names 
5LL2 and 5LL5 in June 1995.The production of Megan and Morag demonstrated that viable 
sheep can be produced by nuclear transfer from cells which have been cultured in vitro. They 
signified the technical breakthrough that made Dolly the sheep possible. The birth of Megan 
and Morag, a year before Dolly, with their huge beneficial potential, made no headlines. In 
2005, Megan was still alive and was the oldest cloned animal at the time

27
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Roslin Institute in Scotland

Main other member of team:  Keith Campbell
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Very fast cell cycles occur during development causing a single cell to make many copies of itself as it grows and differentiates 
into an embryo.

Some very fast cell cycles : Hair, skin and gut cells have very fast cell cycles to replace cells that naturally die
cancer is a disease caused by cells cycling out of control. 

There is a kind of "parking spot" in the cell cycle called "quiescence" A quiescent ("kwee-S-cent") cell has left the cell cycle, it 
has stopped dividing. 
Quiescent cells might reenter the cell cycle at some later time, or they might not. It depends on the type of cell. 
Most nerve cells stay quiescent forever. 
On the other hand, some quiescent cells may later reenter the cell cycle in order to make more cells. (For example, when a young
girl starts to develop breasts.)

Many biologists thought that to make a clone you should transfer the nucleus from a fast dividing cell. It made sense because fast 
cycling cells are exactly what makes an embryo grow. Besides, the gut cells used to make the tadpole clones were fast cycling
cells. Many biologists tried to make clones by transferring the nucleus from fast dividing cells but all of those experiments were 
unsuccessful
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Keith  Campbell thought about it in a different way. He wondered if a quiescent nucleus would be a better donor. True, it was not 
cycling but Keith thought maybe that's what the nucleus needs for it to be successfully transferred. 
Maybe the cell needs time to "rest" before starting to make a whole new animal. Maybe the nucleus needs time, lots of time, to get 
its DNA in order. Maybe...? 

So they tried it with cells from sheep
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White faced sheep, a Finn Dorset sheep
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He grew the mammary gland cells in tissue culture then starved them to make them stop growing and become quiescent.
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Pricking activates the eggs

The micropipette sucks up the nucleus



35

Oocyte and nuclues squeezed together

Pulse of electricity used to fuse the nucleus with enucleated oocyte
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Monitoring pregnancy with ultrasound
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This is Dolly. She was cloned from a mammary gland cell. 

She was the first mammal cloned from an adult cell.

She came from adult nucleus; she has all the cells needed to be an adult.

No genes lost along the way; no genes appear mutated.

http://science-education.nih.gov/nihHTML/ose/snapshots/multimedia/ritn/dolly/index.html
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Dolly mated normally and gave birth to three in 1998. 
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http://www.cnn.com/2003/TECH/science/04/08/science.banteng.reut/index.html
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http://news.bbc.co.uk/1/hi/sci/tech/3136776.stm
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http://news.bbc.co.uk/1/hi/sci/tech/1947992.stm

US scientists have cloned a rare breed of pig in an experiment they say shows the copying technology can be made more efficient.
The cloned animal, called Princess, was the last female in one of only four bloodlines of Gloucestershire Old Spots in North 
America.
Several attempts at getting offspring from Princess through natural breeding and artificial insemination had failed, 
NewScientist.com reports.
Cloning produced three piglets, born via a surrogate mother, after just one embryo implantation round.
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Snuppy, whose name stands for Seoul National University puppy, was made from a cell taken from the 
ear of a three-year-old male Afghan hound

http://news.bbc.co.uk/1/hi/sci/tech/4742453.stm
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At first Dolly was a 'clone alone' but in August 1998, a group in Hawaii published a report of the 
cloning of over 50 mice by nuclear transfer. Since then, research groups around the world have 
reported the cloning of cattle, sheep, mice, goats and pigs. Equally competent groups have had no 
success in cloning rabbits, rats, monkeys, cats or dogs. There are differences in early development 
between species that might influence success rate. In sheep and humans, the embryo divides to 
between the 8- and 16- cell stage before nuclear genes take control of development, but in mice this 
transition occurs at the 2 cell stage. In 1998, a Korean group claimed that they had cloned a human 
embryo by nuclear transfer but their experiment was terminated at the 4-cell stage and so they had no 
evidence of successful reprogramming. Success rates remain low in all species, with published data 
showing that on average only about 1% of 'reconstructed embryos' leading to live births. With 
unsuccessful attempts at cloning unlikely to be published, the actual success rate will be substantially 
lower. Many cloned offspring die late in pregnancy or soon after birth, often through respiratory or 
cardiovascular dysfunction. Abnormal development of the placenta is common and this is probably the 
major cause of fetal loss earlier in pregnancy. Many of the cloned cattle and sheep that are born are 
much larger than normal and apparently normal clones may have some unrecognized abnormalities. 
The high incidence of abnormalities is not surprising. 
Normal development of an embryo is dependent on the methylation state of the DNA contributed by 
the sperm and egg. and on the appropriate reconfiguration of the chromatin structure after 
fertilization. Somatic cells have very different chromatin structure to sperm and 'reprogramming' of the 
transferred nuclei must occur within a few hours of activation of reconstructed embryos. Incomplete or 
inappropriate reprogramming will lead to dysregulation of gene expression and failure of the embryo or 
fetus to develop normally or to non-fatal developmental abnormalities in those that survive. Improving 
success rates is not going to be easy. At present, the only way to assess the 'quality' of embryos is to 
look at them under the microscope and it is clear that the large majority of embryos that are classified 
as 'normal' do not develop properly after they have been implanted. A substantial effort is now being 
made to identify systematic ways of improving reprogramming. One focus is on known mechanisms 



involved in early development, and in particular on the 'imprinting' of genes. 
Another is to use technological advances in genomics to screen the expression 
patterns of tens of thousands of genes to identify differences between the 
development of 'reconstructed embryos' and those produced by in vivo or in vitro 
fertilization.
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https://www.youtube.com/watch?v=U0nk8rbrEgE – Telomeres and longer life
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• Cloning in Farm Animal production Nuclear transfer can in principle be used to create an infinite 
number of clones of the very best farm animals. In practice, cloning would be limited to cattle and pigs 
because it is only in these species that the benefits might justify the costs. Cloned elite cows have 
already been sold at auction for over $40,000 each in the US but these prices reflect their novelty 
value rather than their economic worth.
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Happy purchase: Nina and Edgar Otto spent $155,000 at an auction to have their dead Lab Sir Lancelot (pictured left) cloned to 
produce Lancelot Encore (right)

First commercially cloned dog (first cat was Little Nicky for $50,000 in Texas)

Read more: http://www.dailymail.co.uk/news/article-2141574/First-couple-clone-pet-dog-paid-155-000-job-say-new-pup-
mannerisms-dead-Labrador.html#ixzz2g2opf9Qd 
Follow us: @MailOnline on Twitter | DailyMail on Facebook



55

http://www.upi.com/Science_News/2014/04/09/Dachshund-puppy-Mini-Winnie-becomes-first-cloned-
dog-in-UK/2651397078809/
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Much of what researchers learn about human disease comes from studying animal models such as mice. Often, animal models are 
genetically engineered to carry disease-causing mutations in their genes. Creating these transgenic animals is a time-intensive 
process that requires trial-and-error and several generations of breeding. Cloning could help reduce the time needed to make a 
transgenic animal model, and the result would be a population of genetically identical animals for study.
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South Korean scientists say they have engineered four beagles that glow red using cloning techniques 
that could help develop cures for human diseases.
The four dogs, all named Ruppy — a combination of the words "ruby" and "puppy" — look like typical 
beagles by daylight. But they glow red under ultraviolet light, and the dogs' nails and abdomens, which 
have thin skins, look red even to the naked eye.
Seoul National University professor Lee Byeong-chun, head of the research team, called them the 
world's first transgenic dogs carrying fluorescent genes, an achievement that goes beyond just the 
glowing novelty.
"What's significant in this work is not the dogs expressing red colors but that we planted genes into 
them," Lee said Tuesday.
The glowing dogs show that it is possible to successfully insert genes with a specific trait, which could 
lead to implanting other, non-fluorescent genes that could help treat specific diseases, Lee said.
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It is important to recognize the limitations of nuclear transfer. Plans to clone extinct species have 
attracted a lot of publicity. One Australian project aims to resurrect the 'Tasmanian tiger' by cloning 
from a specimen that had been preserved in a bottle of alcohol for 153 years.  After 3 years of trying, 
it didn’t work.
another research group announced plans to clone a mammoth from 20,000 year old tissue found in the 
Siberian permafrost. 
However, the DNA in such samples is hopelessly fragmented and there is no chance of reconstructing a 
complete genome.
In any case, nuclear transfer requires an intact nucleus, with functioning chromosomes. DNA on its 
own is not enough: many forget that Jurrasic Park was a work of fiction. 
Other obvious requirements for cloning are an appropriate supply of oocytes and surrogate mothers to 
carry the cloned embryos to term. 
Cloning of endangered breeds will be possible by using eggs and surrogates from more common breeds 
of the same species. It may be possible to clone using a closely related species but the chance of 
successfully carrying a pregnancy to term would be increasingly unlikely if eggs and surrogate mothers 
are from more distantly related species. 
Proposals to 'save' the Panda by cloning, for example, would seem to have little or no chance of 
success because it has no close relatives to supply eggs or carry the cloned embryos.

The Pyrenean ibex, a form of wild mountain goat, was officially declared extinct in 2000 when the last-
known animal of its kind was found dead in northern Spain.
Shortly before its death, scientists preserved skin samples of the goat, a subspecies of the Spanish 
ibex that live in mountain ranges across the country, in liquid nitrogen.



Using DNA taken from these skin samples, the scientists were able to replace the 
genetic material in eggs from domestic goats, to clone a female Pyrenean ibex, or 
bucardo as they are known. It is the first time an extinct animal has been cloned.
Sadly, the newborn ibex kid died shortly after birth due to physical defects in its 
lungs. Other cloned animals, including sheep, have been born with similar lung 
defects.
But the breakthrough has raised hopes that it will be possible to save endangered 
and newly extinct species by resurrecting them from frozen tissue.
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http://news.bbc.co.uk/1/hi/sci/tech/3480921.stm

Hwang's team announced an even greater achievement a year later in May 2005, and claimed they had created 11 
human embryonic stem cells using 185 eggs. His work, published in the June 17 issue of Science,[7] was instantly 
hailed as a breakthrough in biotechnology because the cells were allegedly created with somatic cells from patients of 
different age and gender, while the stem cell of 2004 was created with eggs and somatic cells from a single female 
donor. 

On December 29, 2005, the university determined that all 11 of Hwang's stem cell lines were fabricated.[9] The 
university announced on January 10, 2006 that Hwang's 2004 and 2005 papers on Science were both fabricated. 
Following on the confirmation of scientific misconduct, on January 11, Science retracted both of Hwang's papers on 
unconditional terms



From a technical perspective, cloning humans and other primates
is more difficult than in other mammals. One reason is that two proteins essential to cell division, known as spindle proteins, are 
located very close to the chromosomes in primate eggs. Consequently, removal of the egg's nucleus to make room for the donor 
nucleus also removes the spindle proteins, interfering with cell division. In other mammals, such as cats, rabbits and mice, the two 
spindle proteins are spread throughout the egg. So, removal of the egg's nucleus does not result in loss of spindle proteins.
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Much confusion happens when people see the word "clone" used. Depending on the age of the 
dictionary, the definition of biological cloning can be:
• A group of genetically identical individuals descended from the same parent by asexual reproduction. 
Many plants show this by producing suckers, tubers or bulbs to colonise the area around the parent.
•A group of genetically identical cells produced by mitotic division from an original cell. This is where 
the cell creates anew set of chromosomes and splits into two daughter cells. This is how replacement 
cells are produced in your body when the old ones wear out.
• A group of DNA molecules produced from an original length of DNA sequences produced by a 
bacterium or a virus using molecular biology techniques. This is what is often called molecular cloning 
or DNA cloning
• The production of genetically identical animals by 'embryo splitting'. This can occur naturally at the 
two cell stage to give identical twins. In cattle, when individual cells from 4- and 8-cell embryos and 
implanted in different foster mothers, they can develop normally into calves and this technique has 
been used routinely within cattle breeding schemes for over 10 years.
• The creation of one or more genetically identical animals by transferring the nucleus of a body cell 
into an egg from which the nucleus has been removed. This is also known as Nuclear Transfer (NT) or 
cell nuclear replacement (CNR) and is how Dolly was produced.
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