
1111 BREAKTHROUGH OF THE YEAR 

The Lamb That Roared 
A lamb cloned from a single cell of an adult sheep demonstrated the power of cloning technology, 

surprising both researchers and the public, and igniting a fierce debate about ethics 

A year ago, few researchers would have 
guessed that science's most stunning achieve- 
ment in 1997 would come from a barn. But in 
late February, a bleating, white-nosed lamb 
swept into the public eye: 7-month-old Dolly, 
the first animal cloned from an adult cell. She 
electrified both the research community and 
the general public, for although animals had 
been cloned before, creating a sheer, from a 

nucleus of one cell is absorbed into an egg 
whose own nucleus has been removed. 

Researchers seeking to unlock the secrets of 
embryonic development had been working to 
perfect this technique for 40 years, starting with 
experiments in frogs in 1952. They transferred 
the nuclei of embryonic or tadpole cells into 
frog eggs and succeeded in raising cloned tad- 
voles and even adult froes. But the older the - 

single cell of a 6-year-old ewe was a 

Cloning is of practical import, as I 

medically useful proteins; the first 
such animals-a handful of trans- 
genic sheer, clones-are described I 
implications of cloning technology 
go much further, opening up new 
avenues of research in cancer, de- 
velopment, and even aging. In- I 
deed, Dolly forces a reexamination Next generation. These clones were derived from 
of what it means to grow old, for transgenic fetal cells and carry foreign genes. 
although she is now 18 months old, 
her DNA, taken from the donor cell, may be frog cell donating the DNA, the less likely was 
almost 8 years old. the resulting clone to develop normally. When 

According to conventional wisdom, adult donor cells from an adult were used, no frog 
cells cannot give rise to new, mature organ- clone ever developed beyond the tadpole stage. 
isms. So after Dolly's debut, researchers And in mice, the typical mammalian model 
scrambled to understand how she was created. organism, results were even more discouraging. 
Scientific societies convened their own im- At the time, researchers couldn't get viable 
promptu meetings to discuss both the scien- young from anything but nuclei taken from 
tific and ethical implications of the work, and very early embryos-the two- to four-cell stage. 
companies specializing in transgenic animals So most biologists came to accept that mature 
saw their stock value jump overnight. cells could not give rise to entire organisms, 

But despite Dolly's soft brown eyes, some especially in mice. Only an egg cell possessed 
feared that she was a wolf in sheep's clothing, that mysterious power, called totipotency. 
come to steal humankind's individuality and But those working with cows and sheep 
autonomy. She sparked calls for a ban on hu- were not quite persuaded. A team of re- 
man cloning in the United States. Switzerland. searchers at the Roslin Institute outside - 
China, and other nations, and to some, she 
raised the sci-fi specter of cookie-cutter clones 
grown for spare parts. But whether welcomed or 
feared, cloning in 1997 forced scientists and the 
public alike to rethink their basic ideas about 
life, and to confront the implications of our 
growing ability to manipulate life's blueprint. 

As is true for many breakthroughs, cloning 
represents the convergence of advances in 
several disciplines over several decades. Pains- 
taking progress in sheep reproductive biology, 
genetic manipulation, and cell culture all 
paved the way for Dolly. But the critical tech- 
nique is nuclear transfer, in which the intact 

Edinburgh, Scotland, for example, suspected 
that previous failures were caused by donor 
DNA that was in a different stage of the cell 
cycle than the recipient egg cell. They used 
nuclear transfer to clone sheep from embry- 
onic cells, and in 1996 announced the birth 
of two cloned lambs. Next, they cloned 
sheep from fetal fibroblast cells. And in part- 
nership with a local biotechnology company, 
they attempted what everyone had said was 
impossible: to clone a sheep from adult cells. 

To do this, the team used cultured udder 
cells. taken from a 6-vear-old ewe. and then 
starved them, forcing most of their genes to 
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enter an inactive phase that the researchers 
hoped would match the cell-cycle stage of the 
recipient eggs. Once the udder-cell nuclei 
were transferred into the eggs, still-unknown 
factors coaxed that "inactivated" 6-vear-old 
DNA to go back in time, so to speik, and 
apparently become totipotent once more, di- 
recting the eggs to develop into lambs. Out of 
277 such eggs, only one produced a healthy 
living animal: Dolly. 

To  a startled public, Dolly made the hor- 
rors of science fiction clones seem all too 
possible. If she could be cloned from an udder 
cell, people wondered, then why not a dicta- 
tor from his nose, as was attempted in the 
movie Skeber. or a svare self as a reservoir of . . 
replacement body parts? Such things are 
safelv in the realm of fiction. of course. but 
man; people, scientists included, bedame 
concerned that cloning people would dehu- 
manize our species and spoke out against it. 

Yet upon reflection it's clear that just as 
identical twins grow up to be individuals, 
clones would neGer be &ly identical. Even 
Dolly is not an exact replica of the ewe used 
to clone her, because she did not develop in 
that ewe's uterus nor receive its genes in the 
cellular organelles called mitochondria. 

For now, Dolly stands alone. No one, not 
even the Roslin team, has made a second ani- 
mal from an adult cell. Of course, most bio- 
medical researchers work with mice-and 
mouse nuclear transfer results are still dismal. 
So attention is focused on the handful of labs 
worldwide working on cloning in livestock. 
Most are starting with fetal cells, whose DNA 
can more easily be made totipotent. So far, 
several firms say they too have cloned either 
sheep or cows from fetal cells, and one group 
has cloned monkeys from embryonic cells. 

Nuclear transfer experiments are under 
way in other species too, ranging from zebra- 
fish to rabbits. Among basic researchers, the 
Scottish group's success has inspired new ex- 
periments looking at how DNA changes as 
a cell matures. Clarifying the nature of totipo- 
tency may spark insight into what makes cells 
and organisms age, and how cell growth can 
go awry, as in cancer. Researchers are watch- 
ing Dolly closely, for although so far she seems 
the 18-month-old she's supposed to be, her 
DNA may make her age prematurely. 

Cloning experts point out that the true 
identity of Dolly's progenitor cell is not 
known for sure-it's possible that it was a stem 
cell, known to be able to develop into several 



First Runner-Up: Pathfinder's Triumphal Mars Landing 
W h e n  it comes to Mars exploration, getting 
there has always been half the battle. From the 
start of the space age to the beginning of 1997, 
19 missions set out-and more than half 
failed. No mission had touched down on mar- 
tian soil since 1976. So on the 4th of July this 
year, when the Mars Pathfinder lander sent 
back imaees of the first robot to roam the " 
surface of another planet, jubilation was the 
order of the dav. But Pathfinder was more 

- 
NASA's "faster, cheaper, better" Discovery 
missions, Pathfinder broke through a history 
of martian jinxes and high costs. The landing 
captivated audiences worldwide and vindi- 
cated NASA's gamble on a new, smaller scale 
approach to solar system exploration. 

Pathfinder's technological victory was all 
the more impressive given its Rube Goldberg 
approach to landing on Mars. Previous landers 
have relied on an exvensive rocket to first eet - 

than just a stunning technological achieve- into orbit around their targets, but Pathfinder 
ment: It returned a bountv of scientific infor- blazed straight into the martian atmos~here - 
mation from an intriguing part of the Red behind a simple heat shield, popped open a 
Planet and did so on the cheap. As the first of parachute while still at supersonic speeds, and 

- 
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T H E  R U N N E R S - U P  
We honor nine surprising discoveries that both change ideas about the natural world and offer great potential benefits to society. 

then began searching for the surface using 
onboard radar. At literally the last second, the 
craft fired its three small retrorockets and cut 
the parachute loose from the lander. En- 
cased in airbags, the lander plummeted the 
last 30 meters in a free fall, finally bouncing to 
a s top r igh t  side up. 

When the rover started returning data, 
color images of the martian landscape- 
released in real time on CNN and in almost 
real time on the World Wide Web- 
entranced the public. To geologists, the im- 

' 

ages also revealed traces of the meat flood 
tcat a billion years earlier had iculpted a 
distant hill, stacked nearby boulders, and left 
meter-scale ripples in the ground. Composi- . 

tional measurckents made by ~ojournfr  on 
$ rocks such as Barnacle Bill and Yogi revealed ' 

that they contain a surprising amount of . 
silica, suggesting that geological forces had 
reprocessed the rocks sometime in martian 
history. And Sojourner's discovery of rounded 
pebbles that may have been water-worn in 

The big picture. Pathfinder scanned Mars from horizon to horizon. flowing streams gdded evidence that Mars's 
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surface was warmer and wetter in its earliest 
days—when life might have gotten a start. 

Mission engineers at the Jet Propulsion 
Laboratory in Pasadena, California, man­
aged all this with less than $270 million and 
within a 3-year development schedule. Such 
economy runs counter to the old bigger-is-
better culture of spacecraft design, which 
produced, for example, the $3.3 billion 
Cassini mission to Saturn. And Pathfinder's 
achievements are the first in what NASA 
hopes will be a series of blockbusters from the 
Discovery program. Next up, on 5 January, 
Lunar Prospector lifts off for its mapping or­
bit around the moon. 

Synchrotrons shine new light. Beams of 
x-rays and ultraviolet light have long been used 
to reveal the atomic structure of materials. But 
by all accounts 1997 was a banner year for a new 
generation of stadium-sized machines known 
as synchrotrons, which produce the brightest 
beams yet and can illuminate the structural 
secrets of matter—both living and inert— 
down to individual atoms. This year saw the 
commissioning of SPRing-8, the world's most 
powerful synchrotron, in Nishi-Harima, Japan, 
and marked the first full year of operation of the 
second most powerful machine, the Advanced 
Photon Source in Argonne, Illinois. And syn-

Shining light. Bright beams at the Advanced 
Photon Source reveal the structure of matter. 

chrotrons around the globe yielded some strik­
ing breakthroughs in the structure of materials. 

Among the highlights: An international 
team used the European Synchrotron Radia­
tion Facility (ESRF) in Grenoble, France, to 
produce an atomic-scale map of the nucleo-
some core particle, thus gaining new insights 
into how this DN A-protein complex manages 
to coil meters of DNA inside each cell. A 
Swiss and French team used the ESRF beam to 
solve the structure of bacteriorhodopsin, a 
membrane protein whose small crystals had 
defeated previous attempts to determine its 
structure. And a group at Oxford University 
solved the largest x-ray crystal structure to 
date, that of the bluetongue vims, made up of 
more than 1000 separate proteins. 

Despite such smashing results, budget woes 
threaten a new ultraviolet synchrotron, the 
Advanced Light Source, in the United States. 
But worldwide, synchrotrons show no signs of 
slowing—another 26 are in the works. 

Keeping time. As the days ticked by in 
1997, those studying organisms' internal clocks 
marked time with periodic bursts of discovery. 
Researchers isolated several new genes that 
help keep daily rhythms, including the first 
two mammalian clock genes. And one fruit fly 
clock gene was found to be active throughout 
the fly, suggesting that many cells, not just 
those of the brain, can keep time. 

Before this year, only three clock genes 
had been identified, two in the fruit fly (per 
and dm) and one in bread mold, called fre­
quency (frq); these genes code for proteins 
whose concentrations rise and fall on a cycle 

Clocking in. Active mammalian clock gene 
(yellow) lights up a mouse brain at 11 a.m. 

Bumper Crop for Pop Science 
Most scientists think the general public pays scant attention to research, 
but in 1997 several science stories became hits in popular culture, as 
the mass media—particularly television and the Internet—discovered 
that the process of discovery itself can be a rich source of entertainment 
as well as information. 

Space science was perhaps the most popular story, as a string of 
marvels, mishaps, and milestones drew eyes 
upward in numbers probably not matched 
since the days of the Apollo moon project. 
In March and April, there was Hale-Bopp— 
for once, a comet whose brightness ex 
ceeded its ballyhoo. The comet turned 
even urbanites into backyard astrono­
mers, and nearly doubled previous 
records for visibility and endurance. 
Lasting even longer, however, were 
the travails of Russia's dilapidated 
Mir space station. This space-
based soap opera repeatedly 
stopped the hearts of Mir 
watchers, as a rotating cast of 
astronauts battled fires, com­
puter breakdowns, and other 
calamities. 

Then on the 4th of July, 
the Mars Pathfinder lander 
bounced down on the 
Red Planet, announced 
on CNN with much 
fanfare and 24-hour 
live coverage from 
NASA's mission 
control room. Path­
finder's intrepid So­
journer rover wasn't 

The BIG HALE-BOPPERr 

equipped to search for signs of life, but Sojourner and its lively band of 
handlers at mission control charmed TV and World Wide Web audi­
ences anyway. The "hits" pummeling Pathfinder Web sites peaked at 
millions per hour, with the grand total now nearing 1 billion. As with 
many hit TV shows, there was a toy tie-in: Mattel's Hot Wheels version 
of the rover went flying, not crawling, off store shelves. 

Space exploration may have mimicked 
high-adventure science fiction, but re­

productive biologists' exploits in a 
petri dish in Scotfand evoked, for 
many, the genre's cautionary side. 
Doliy—the ewe cloned from an 
adult mammary-gland cel l— 
sparked hasty calls from politicians 
for a moratorium on human clon­

ing, forced ordinary citizens to 
reconsider the meaning of in­

dividuality, and became a 
staple of late-night TV co­
medians. Like headless tad­
poles in Britain, genetically 
engineered soybeans in 
Germany, and the new film 
Alien Resurrection, the 

cloning story tapped pub­
lic fears of genetic tech­

nologies. Scientists 
may wish that ordi­
nary citizens knew 
more about science 
than they do—but 
they can hardly deny 
the strength of its 
grip on the public 

imagination. 
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Last year, Science's editors gazed into the 
future to predict the hot fields of the next 
12 months. Here's how our favorites fared 
this year, showing whether our crystal ball 
was cloudy or clear. 

I) 
The cure for cancer. Promising 
new results boosted bold new thera- 
pies, such as blocking thegrowth of 
blood vessels that feed tumors, or 

designing a virus to kill cancer cells. But 
clinical trials are proceeding slowly, and it 
may be years before such tactics pan out. 

I) 
Advanced Photon Source. Sev- 
eral beamlines saw first lightthis year, 
while other groups used this x-ray 
synchrotron to probe everything from 

protein structure to the behavior of catalysts 
in water (see second runner-up, p. 2040). 

!B 
Computer security. Although 
worried Web users kept a wary 
eye on information security, there 
were no major new breaches of 
the encryption codes used to safe- 

guard business data. 

9 
Synthetic carbohydrates. New 
clinical trials were launched to see 
if these sugar-based molecules 
may work as a cancer vaccine, 

coaxing the immune system into attacking 
the natural carbos that decorate tumor cells. 

9 
Quantum error correction. New 
schemes for correcting errors in 
unimaginably fast quantum com- 
puters leaped forward, as theorists 

moved beyond correcting mistakes in memory 
to protecting logic operations. And the first 
experimental realizations of quantum error 
correction are in the publication pipeline. 

9 
Supersymmetrlc particles. A fire 
at CERN slowed the search forthe 
elusive signs of supersymmetry. 
Optimists still see hints of the par- 

ticles in the modest amount of data gath- 
ered and predict that their signatures will 
turn up next year at CERN. 

set to 24 hours by sunlight. Then, last May, 
researchers reported two new genes in bread 
mold, white collar-1 and -2, which turn on the 
transcription of fiq, thus participating in a 
feedback mechanism that keeps the clock 
ticking. Later that month, another team iso- 
lated the first timekeeping gene from a mam- 
mal-a mouse gene called Clock-which 
also appears to regulate circadian rhythms. 

In September, two teams independently 
discovered a gene that resembles ixr in mice u 

and humans. Having similar genes in such 
divergent species as humans and flies implies 
that the genes that make up the clock's gears 
and springs may have been conserved since 
the earliest days of biological time. Finally, in 
the closing days of 1997, researchers found 
that per is active not only in the brains of flies, 
but in many other tissues as well, suggesting 
that many independent clocks are ticking 
away in the body-and that the brain is only 
one of many timekeepers. 

1 RKEAKTHROUGH OF T H E  YEA1 

Violence at a distance. They are the 
most violent events in the universe, and for 
30 years they ranked high on the cosmic 
mystery top 10. Gamma ray bursts, sudden 
explosions of high-energy radiation occur- 
ring almost daily at random positions in the 
sky, were first detected in the early 1960s. 
But gamma ray detectors couldn't accurately 
determine their location or distance from 
Earth. Some astronomers thought the bursts 
were far-off events, others that they occur in 
our own galaxy. 

old this is the oldest DNA extracted from a 
human. And it is a triumph for the besieged 
field of ancient DNA. Earlier, spectacular 
claims of analyzing DNA from insects in 
amber have not been replicated, and many 
had almost given up on the idea of extracting 
useful DNA from ancient fossils. But this 
work was replicated in a U.S. lab, convincing 
even skeptics that it is the real thing. 

Nanotubes on a roll. Since their discov- 
ery in 1991, nanometer-sized tubes of car- 
bon have been seen as the right stuff for 

Then-on 28 February, the Italian-Dutch everything from fu- 
- 

P 
satellite BeppoSAX simultaneously detected ture electronic de- 
a burst in both gamma ray and x-ray wave- vices to ultrastrong $ 
lengths, using two separate detectors. An materials. In 1996, re- ;i 
x-ray telescope aboard the satellite was also searchers developed a f able to catch the afterglow of the burst and laser-based method to 2 
pinpoint its position. Alerted via the Internet, produce high yields 8 

3 Dutch astronomers at an observatory in the of single-walled nano- 
Canary Islands found a dimming optical light tubes (SWNTs), and 
source at the burst position, coinciding with in 1997 they brought ~ ~ b i ~ ~  it. N ~ ~ ~ -  
what appeared to be a distant galaxy. the tubes closer to tubes are in demand. 

Ten weeks later, on 8 May 1997, it hap- their potential by test- 
pened again-a second BeppoSAX detec- ing, tweaking, and filling them. 
tion was linked with an optical source. This Cousins of the spherical buckminster- 
time, American astronomers using a Hawaii- fullerene (Cm, Molecule of the Year in 1991), 
based telescope were able to study the light of nanotubes are sheets of g r a p h i t ~ a r b o n  at- 
the burst in great detail and to peg its dis- oms arrayed in adjoining hexagonethat are 
tance at several billion light-years. It seems rolled up and capped at the ends. Those made 
that gamma ray bursts occur in the far of only a single wall of carbon are prized for 
reaches of the universe, making them by far their regular structures and predictable behav- 
the most energetic events in the cosmos, ex- ior. For example, theorists predicted early on 
ceeded only by the big bang itself. But what that depending on their architecture, SWNTs 
distant cataclysms cause these bursts? They should be semiconductors or metals, key 
might be the collision of two dense neutron building blocks for electronic devices. Scien- 
stars, but their true nature remains a mystery tistsconfirmed both predictions in 1997. Indi- 
to be solved another year. vidual nanotubes were found to be excellent 

A glimpse of Neandertal DNA. Ever since conductors, a property that could be en- 
the first skeleton of a Neandertal was discov- hanced by doping their outer surfaces. And a 
ered in Germany's Neander Valley in 1856, slightly different bonding arrangement be- 
anthropologists have won- tween a single pair of polygons was 
dered whether this burly hu- s own to turn a nanotube into a 
man was ancestral to living 

- 

simple semiconducting electronic 
humans or an evolutionary 

LI 
$ device. Other researchers demon- 

dead end. Many more Nean- $ strated their ability to manipulate 
dertals have turned up since, 3 the tubes by stuffing them with gas 
but the bones alone haven't 0 or with gallium nitride rods. 
settled the mystery. Also this year, a French and 

Then in July a team in U.S. team came up with a cheaper 
Munich announced that it 5 way to produce SWNTs using a 
had recovered and analyzed a 9 simple electric arc discharge, a feat 
snippet of DNA from the arm that's likely to make these cylin- 
bone of that original Nean- Distant relation. mtDNA ders easier to come by and there- 
dertal. The researchers had suggested that Neander- fore study. But no known method 
pieced together a 379-base tals are not our ancestors. can produce the tons of SWNTs 
pair sequence from the mito- needed for a commodity material, 
chondrial DNA (mtDNA) in the cell's en- so the push to make larger batches of tiny 
ergy-producing organelles. This Neandertal tubes will continue. 
mtDNA spelled out a sequence very different The other ocean. This year planetary sci- 
from that in living humans, supporting the entists gathered solid evidence that our ocean 
view that Neandertals were not our ances- is not alone. The Galileo spacecraft orbiting 
tors, but a separate species that went extinct. Jupiter returned images of the surface of the 

Only one small part of the genome was jovian moon Europa, revealing what looks 
reconstructed, but at 30,000 to 100,000 years like an icy crust floating on a watery ocean. 
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