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Will Dolly Send in the Clones? 
The first mammalian clone, produced from an adult sheep, took the world by storm, 

but leaves a rash of unanswerwi mientifie questitions in her wake 

N o  longer will the name Dolly bring ta 
mind Carol Channtng or Barbra Siueiqnd, 
leading ladies in the musical, ,"Hello, Doily," 
or eventhe vivacious corntry western singer, 
Doily Parton. k t  week, a new Dolly-+ 6- 
month-old lamb cloned from h e  udder cell 
of an dult  ewe-ma& her &hut. AtJd even 
though animal scimtim have been cloning 
sheep and cattle fiom embryos for a decade, 
the media wmt wild over Dollyz the kt 
animal ever cloned from an aduIt cell. 
The page-onle headlines W i n g  Dolly's 

awtim ignited worldwide C O R ~  about the 
p~mrsal of this qmach don& people. 
Wi&in day* there werecabfor ethics hpir-  
ies and new laws to ban huma do* (eee 
sidebar). (=oMjems bthvtnan ehdng wogd 

Wa.&qpn Post tepxted on 2 Ma& that Don animals that produce valuable h u m  pro- 
Wok's team at & w R e g i d  Primate teins for thaqeutic use. 
R d  Gmer h Be;t~effm had cloned avo But the p r o c h  is quite ineficient, The 
rhesus monkeys, although from e1~1bryanic Roslii group made 277 attempts in order to 
cells. Bur even as the media fiemy continues, succeed with Dolly. And no me  knows either 
d m  say g s  still unclear how pmxical how DNA fmm the udder cell was able to 
ckmii  of mid^^ let alane b w ,  will be, dizect the developmenr of an entire new a- 

h r q m t d i n t l x  27 Fekmargissueof gar&m,o~a;he&~rhemewillprove~in 
Nature, Ian Wilmut and Keith C m M  at othef species. "Them are 1- of questim to 
the Roslin Institute in Edinbur& Scosland, sit down and b k  at," ~s embry01ogist David 
cloned Dolly by transferring the nucleus Whjrtingbn, director of the Medial Re- 
fiom an udder celf into an egg whose DNA search Chmcil's WRC's) Experimental Em- 
had been r e m o v k  approach that could brplegy aPtd TmtoIogy Unit in Laxien. 
Iead to flo& of prize Unt i l~repof tby 
animals with a genetic Wilmut and Campbell, 
makeup guaranteed to I s great deal of evi- 
match that of &e adult dmce bad indicated 
danating the cell or of I d w  while species rang- 
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- fa a t d e  and now mm- 
; keygeanbeclonedby 

frm&amg nuclei from 



Wilmut says, it loses the proteins that came 
attached to it and takes up others from the 
cytoplasm. A t  the same time, it apparently 
becomes "reprogrammed" so that the embryo 
can develop normally. 

Those multiple replications, and the sev- 
eral days it takes for them to occur, may be 
the reason nuclear transfer works in sheen 
but not very well in mice, suggests Richard 
Schultz of the Universitv of Pennsvlvania. 
whose own work focuses dn gene exiression 
in earlv develo~ment. In mice, all DNA re- 
modeling takesLplace in the firs; cell division 
and the new DNA takes over by the two-cell 
stage, rather than in the eight-cell stage as 
in sheep. "Maybe in rodents there's just not 
enough time [for reprogramming]," he says. 
(In humans embryos, the new DNA appar- 
ently takes charge after the four-cell stage, in 
between mice and sheep or cows.) 

Or  it mav be that Dollv's DNA didn't 
require much reprogramming. Her DNA 
came from cultured mammarv cells. which 
are normally capable of develdping into lac- 
tating tissue. Wilmut and his colleagues ac- 
knowledge that the collection of cells may 
have included a stem cell-an undifferenti- 
ated progenitor cell of many different tissue 
types-which has a higher developmental 
potential than an  ordinary epithelial cell 
from the mammary gland. "The udder cells 
are a mixed population, and we don't know 
which are able to be totipotent," comments 

human geneticist Nick Hastie of the MRC's 
Human Genetics Unit in Edinburgh, U.K. 

But assuming reprogramming did occur, its 
efficiencv was low. The sole successful transfer 
out of 277 attempts "may say this is still a very 
difficult task in terms of successfullv com~le t -  
ing the reprogramming," Schultz points out. 

Efforts to increase that success rate may 
run into another barrier, he adds: "We don't 
really know" how programming occurs nor- 
mally during development. This makes under- 
standing deprogramming difficult, although it 
likely involves reversal of chemical modifica- 
tions, such as methylation and acetylation, 
that the DNA and its associated proteins un- 
dergo as cells take on specialized functions. 
Also, some reprogramming may occur when 
DNA is stripped of its old packaging proteins 
and repacked with new ones in the egg's cyto- 
plasm-a process that also occurs with the 
DNA of a fertilizing sperm. "We need to spend 
a significant amount of effort in the near fu- 
ture in understanding that mechanism [of 
how the egg interacts with its new DNA]," 
says James Robl, a developmental biologist 
at the University of Massachusetts, Amherst. 
However, it may now be possible to study how 
that programming occurs by examining the 
molecular conversation that goes on between 
the egg and the transferred nuclei. 

And the reprogramming is just one aspect 
of cloning that can go wrong. Many subtle 
differences exist between mammalian spe- 

Farsighted Gravity Lens Sees Stars 
Almost  all stars are so distant that, even with pointed anywhere in the sky. Still, says astrono- 
the largest conventional telescopes, they ap- mer Virginia Trimble of the University of Cali- 
pear as unresolved points of light, as feature- fornia, Irvine, who is not part of the collabora- 
less as the twinkling dots seen by an unaided tion, this use ofgravity to peer at anobject so far 
observer on a clear night. Now, by using the away "is obviously enormously exciting." The 
gravity of one star as a huge magnifying glass, detail it reveals on distant stars, say other re- 
a team of astronomers has been able to make searchers, should help astronomers firm up 
out features on the face of a second star lo- 
cated 30,000 light-years from Earth. The team 
found that the gravitational lens, which bends 
light rays as predicted by Einstein's theory of 
relativity, was aimed so precisely that it 
scanned across the face of the distant star, 
revealing details of its structure. "We have, in 
essence, obtained more than 8000 times bet- 
ter spatial resolution than the Hubble Space 
Telescope [HST]," says Andrew Becker of 
the University of Washington, Seattle, one of 
57 astronomers from nine countries who col- 
laborated in the study. The team announced 
its findings at a conference this week at the 
University of Notre Dame in Indiana. 

cies in how they develop during those first 
few days. Not only do they differ in how 
quickly the new DNA takes charge, but they 
also vary in how they decide to implant in 
the uterus and develop a placental connec- 
tion. These differences could make nuclear 
transfer from adult cells harder, if not impos- 
sible. in animals other than cows or s h e e ~ .  

& ,  

suggests Zena Werb, a developmental cell 
biologist at the Universitv of California. San 
~rancysco. Also, in livestkck, past effoits to  
clone embryonic cells have tended to pro- 
duce oversized, delicate young that required 
extra care if they were to survive, notes em- 
bryologist George Seidel of Colorado State 
University in Fort Collins. The  same may 
prove true of the new procedure. 

But the tantalizing possibility of making 
identical conies of nrized livestock. or even of 
animals used for research, will be too exciting 
to pass up, says Robl, who helped form a com- 
pany 3 years ago to take advantage of these 
advances in cloning technolow. Add to that - ", 
the prospect of cloning genetically modified 
animals that can ~ roduce  drugs or better milk, - 
meat, or wool, Robl says, and "tomorrow, next 
year, this field is going to be so crowded." 

Yet, even if few or none of the potential 
applications come to pass, Dolly will forever 
have her place in history. As Werb points 
out, this lamb's creation "is the category of 
experiment that bends your mind." 

-Elizabeth Pennisi and Nigel Williams 

computer models ofhow stars grow old and die. 
The multinational collaboration that first 

noticed the event goes by the acronym 
MACHO, for Massive Compact Halo Ob- 
ject. MACHO'S principal aim is to use gravi- 
tational lensing to search for dark blobs of 
matter, such as burnt-out stars or black holes, 
that might be swarming in a shadowy halo 
around our galaxy and making up most of its 
overall mass, as some theories predict. The  
project does this by constantly monitoring 
stars in a nearby galaxy called the Large Ma- 
gellanic Cloud with a telescope at the Mount 
Stromlo Observatory in Australia, seeking 
sudden brightenings-a signal that a star has 
been magnified by the gravity of an  unseen 
object in the halo. By keeping track of these 
events, MACHO hopes to estimate the over- 
all amount of this kind of dark matter. 

So far, MACHO has reported eight such 
brightenings, and is sitting on "a few" new ones 
for which the analysis hasn't been completed, 
says David Bennett, a team member at the 
University of Notre Dame. Settling the dark 

Becker quickly adds that gravitational lens- o 50 100 matter issue could take years, but while that 
Time (days) 

ing requires the chance, near-perfect align- A gravitational spyglass. A source star,s program inches forward, the team also moni- 
ment of Earth and two stars, and so is much less brightness shoots up, then drops again as tors stars near the Milky Way's more crowded 
versatile than the orbiting HST or conven- the gravity of a second star magnifies the central bulge. Here, the chance alignment of 
tional ground-based telescopes, which can be signal through gravitational lensing. two stars and Earth in a straight line-the pre- 

1416 SCIENCE VOL. 275 7 MARCH 1997 http://www.sciencemag.org 




