nucleus from an embryonic or tadpole cell into an enucle-
ated (nucleus-lacking) egg of the same species. In Gurdon's

experiments, the transplanted nucleus was often able to sup- -

port normal development of the egg into a tadpole. How-
ever, he found that the potential of a transplanted nucleus to
direct normal development was inversely related to the age
of the donor: the older the donor nucleus, the lower the per-
centage of normally developing tadpoles (see Figure 20.16).
From these results, Gurdon concluded that something
in the nucleus does change as animal cells differentiate. In
frogs and most other animals, nuclear potential tends to be
restricted more and more as embryonic development and
cell differentiation progress. These were foundational ex-
periments that ultimately led to stem cell technology, and
Gurdon received the 2012 Nobel Prize in Medicine for this
work.

Reproductive Cloning of Mammals

In addition to cloning frogs, researchers have long been able
to clone mammals by transplanting nuclei or cells from a
variety of early embryos into enucleated eggs. But it was

not known whether a nucleus from a fully differentiated

cell could be reprogrammed successfully to act as a donor
nucleus. In 1997, however, researchers at the Roslin Insti-
tute in Scotland captured newspaper headlines when they
announced the birth of Dolly, a lamb cloned from an adult
sheep by nuclear transplantation from a differentiated cell
(Figure 20.17). These researchers achieved the necessary
dedifferentiation of donor nuclei by culturing mammary cells
in nutrient-poor medium. They then fused these cells with
enucleated sheep eggs. The resulting diploid cells divided to
form early embryos, which were implanted into surrogate
mothers. Out of several hundred embryos, one successfully
completed normal development, and Dolly was born.

Later analyses showed that Dolly’s chromosomal DNA
was indeed identical to that of the nucleus donor. (Her mi-
tochondrial DNA came from the egg donor, as expected.) At
the age of 6, Dolly suffered complications from a lung disease
usually seen only in much older sheep and was euthanized.
Dolly’s premature death, as well as an arthritic condition, led
to speculation that her cells were in some way not quite as
healthy as those of a normal sheep, possibly reflecting incom-
plete reprogramming of the original transplanted nucleus.

Since that time, researchers have cloned numerous other
mammals, including mice, cats, cows, horses, pigs, dogs, and
monkeys. In most cases, their goal has been the production
of new individuals; this is known as reproductive cloning.
We have already learned a lot from such experiments. For
example, cloned animals of the same species do not always
look or behave identically. In a herd of cows cloned from
the same line of cultured cells, certain cows are dominant in
behavior and others are more submissive. Another example
of nonidentity in clones is the first cloned cat, named CC for
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Reproductive Cloning of a Mammal by Nuclear
Transplantation

Application This method produces cloned animals with nuclear
genes identical to those of the animal supplying the nucleus.

Technique Shown here is the procedure used to produce Dolly, the
first reported case of a mammal cloned using the nucleus of a differen-
tiated cell.
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Results The genetic makeup of the cloned animal is identical to that
of the animal supplying the nucleus but differs from that of the egg
donor and surrogate mother. (The latter two are “Scottish blackface”
sheep, with dark faces.)
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