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1 The Age of Cloning
o HERR
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Even now, a week after news of the -achievement first flew around the
- globe, traces of astonishment lmger in the air lllgg_a,g___!xm The landmark paper M FX]
JX/«?’M ~published late last week in the journal Nature. confirmed what the headlines had 44
- ‘been screaming for days: researcheers at the Roalin Institute! near Edinburgh, Scot-
~land, had indeed pulled off what-mény experts thought might be a scientific i impos-
“fsibili'ty.» From a cell in‘an adult ewe’s mammary gland, embryologist lan Wiltnut - ;
-and his ‘colleagues managed to create a frisky lamb named Dolly (with apologies to‘gﬁql/é &
ﬂ(ﬁ )lﬁ ‘Ms. Parton) +- scoring an advance in reproductive technology as unsettlmg as it was WAl
1 Apias
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startling. Unlike offspring produced in the usual fashion, Dolly does not merely
. take after her biological mother. She is a carbon copy, a laboratory counterfeit so /b%&
exact that she is in essence her mother’s 1dentlcal twin. (,ﬁ@
S What enabled. the Scottish . team to succeed where so many others have failed
WM ﬁft’ﬁﬁ was a trick so mgemous, yet so simple, that any skilled laboratory technician
# “should be able to master it—and therein lies both the beauty and the danger: once
Wilmut and his colleagues figured out how to cross that biological barrier, they en-
sured that others would follow. And although the Roslin researchers had to struggle
for more than 10 years to achieve their breakthrough, it took political and religious
leaders around the world no time at all to grasp its import: if scientists can clone
sheep, they can probably clone people too.
Without question, this exotic form of reproductive engineering could become
_ an extremely useful tool. The ability to clone adult mammals, in particular, opens
%ﬂ% 3/(1 - up myriad exciting possibilities, from propagating endangered animal species to
Z 1” " producing replac‘ement organs for trdﬁsplaﬁ?patients Agriculture stands to benefit
, ’_, ,for example, could ¢lone their champlon cows, making it
possible to produce more mlk from smaller herds. Sheep ranchers could do the
same with' their top" la.mb and -wool producers‘ |

NG
SR

But it’s also easy to unagme the technolqu being riisused, and as news from
, Roslin spread, ap&%lypﬂc»scenanos proilferamd J oumahsts Wrote seriously about
/{{‘{% the possibility of vxrgm. thhs, resurrectmg‘%ie dead and -wegnen giving birth to
themselves On thé front page of the. Nevf\ York Times, 2 cell biologist from
?ési & i¥  Washington Umvemlty mﬁst Louxs, fis *pamed Ursula Goodenough qmpped
that if cloning were perf tpd‘, “there”d be no need for men.
Scientists have 1 & dre med of doing,y what the Roslin team did. After all, if
Zé { starfish and othet:i in dy ratés can practwe asexual reproduction, why can’t it be
_ extended to the fest. of the animal kmgdom? In the 1980s, developmental biclogists
P at what is now Allegheny gU mveérsity of the Health Sciences came tantahzmgly
close. From the red bm& bmsbf,an adult frog, they raised a crop of hvely tad-

&i“[’ &*T’ , pols These tadpoles were impressive creatures, remembers University of Min-

nesota cell biologist Robert McKinnell, who followed the work closely. “They
,.swam and ate and; developed beautiful eyes and. hind limbs,” he says. But then,
Sy . . halfway through metamorphosis, they died.
’ @ ’1';\’3\% - Scientists who have focused. their clonmg efforts on more forgwmg emb;ymuc
- tissue have met. with greater success. > A simple approach; called embryo twinning
(literally splitting embryos in half), is commonly practiced in the cattle industry.
tp [/Ez . "‘gu,%& , Coaxing surrogate cells to.accept foreign DNA is a bit trickier. In 1952 researchers

in Pennsylvanna successfully cloned a live frog from an embryonic cell. Three
. decades later, researchers were learmng to do the same with such mammals as
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sheep and calves. “What’s new,” observes University. of Wisconsin animal scien- {;
tist Neal First, “is not. clonmg mammals. It’s cloning mamnnals from cells that are B
not embryonic. 4” : : N ,

Embryo cells are infinitely easier to work with because they are, in the jargon 4%
of cell biologists, largely “undifferentiated. ” That is, theyhave not yet under;ne
the progressive changes that turn cells into skin, muscles, haif, brain and so on.

An undifferentiated cell can give rise to all the other cells in the body, say scien-

tists, because it is capable of activating any gene on any chromosome But as devel- %@

opment progresses, differentiation alters the way '  DNA—the ,i:uble:sn:an\gd

molecule that makes up genes—folds up inside the nucleus of a cell.’ Along with (%5h

other structural changes, folding helps make Vst stretches of DNA maccessnble,

ensuring that genes in adult cells do not turn on at the wrong time or in the wrong

tissue. S : , :

The disadvantage of embryomc cloning is that you don’t know what you are

gettmg - With adult-cell cloning, you can wait to see how well an individual turns

out before deciding whether to clone it. Clonmg also has the potential to make ge-

netic engineering more efficient. Once you pmduce an animal with a desired trait— »‘Ff_(,,

a pig with a human immune system, perhaps—you could make as many copies as % 4“’5
——

you want.

In recent years, some scientists have speculated that the changas wrg_uglx}_ by
rdlfferentlatlon might be irreversible, in which case cloning an adult mammal would Z $27l24
be biologically impossible. ‘T_he\blrth of Dolly not only proves them wrong but also
suggests that the. difficulty scientists have had cloning adult cells may have less to
do with biology than with technique.® :

To create Dolly, the Roslin team concentrated on arresting the cell cycle—the
series of choreographed steps all cells go through -in the process of dividing. In Dol-
ly’s case, the cells the scientists wanted to clone came from the udder of a pregnanttiﬁ%_ﬁ({‘é
sheep. To stop them from dividing, researchers starved the cells of nutrients for a
week. In response, the cells fell into a slumbering state that resembled deep hiber- g?
nation. T

At this point, Wilmut and his oolleagu& switched to a mainstream cloning
technique known as nuclear transfer. First they removed the nucleus of an unfertil- 4’1% M
ized egg, or oocyte, while leaving the surrounding Mlasm intact. Then they
placed the egg next to the nucleus of a qmmt donor-cell and applled gentle pulses
of electricity. These pulses prompted the eggmt the new nucleus—-and all
the DNA it contained—as though it were its own. They also triggered a burst of
biochemical activity, jump-starting the process of cell division. A week later, the
embryo that had already started growmg into Dolly was 1mplanted in the uterus of a

———

‘\Z&i

surrogate ewe.

3



‘ﬂ/géf,- - - An yt(llih\n_g_ that this approach might work, says Wilmut, came from the suc-

cess his team experienced in producing live lambs -from embryonic clones. “Could

A % 514 we do it again with an adult cell?” wondered Wilmut, a reseirved, self—deprecating

\ii{ ;{ﬁ‘y%man who likes gardening, hiking in the highlands and drinking good smgle—malt
Scotch (but who was practical enough to file for a patent before he went public).

1t was a high-risk project; and in the beginning Wilmut proceeded with great

‘secrecy , limiting his core team to four scientists. His caution proved to be justified;

the scientists failed far: more often than they succeeded. Out of 277 tries, the re-

searchers eventually produced only 29 embryos that survived longer than six days.

¥ : Of these, all died before birth except Dolly, whese historic entry into the world
"é & was witnessed by a handful of researchers and a @@mv

Rumors that something had happened in Roslin, a small village in the green,
rolling hills just south of Edinburgh, started circulating in scientific circles a few
 weeks ago: It was only last-week, when the numers were confirmed and the details
* of the experiment revealed, that the real excitemerit erupted. Cell biologists, like
everybody else, were struck by the simple boldness of: the experiment. But what
intrigued them even more was what it suggested about how cells work. .
Many scientists had suspected. that the key to getting a donor cell and egg to
dance together was synchronicity—getting them started on the same foot. ’” Normal
eggs and sperm don’ t. have that problem; they come pre-divided, ready to com-
bine. An adult cell, though, with its full complement of genes, has to be coaxed
.into entering an embryonic state. THhat is probably what Wilmut did by putting the
donor cell to sleep, says Colin Stewart, an embryalogist at the National Cancer In-
stitute. Somehow, in ways scientists have yet to understand, this procedure seems
_+ to have reprogrammed the DNA of the donor cell. Thus when reawakened by the
7’ ’" 4 ék’ﬂ& - Roslin.team, it was able to orchestrate the production of .all the sells needed to
make up Dolly’s body. - SR ‘~
Like most scientists who score major breakthroughs, Wilmut and his col-
leagues have raised more questi;n? than they have -answered. Among the most
pressing are questions about Dolly’ s health. She is seven months old and appears to
) be perfectly:fine, but no one knows if she will develop problems later on. For one
thing, it is possible that Dolly may not live as long as other sheep. After all, ob-
serves NCI’ s Stewart, “she came from a six-year-old cell. Will she exhibit signs of
aging prematurely?” ‘In addition, as the high. rate of spontaneous abortion sug-
- ,gésts, cloning sometimes damages DNA. As a result, ‘Dolly could develop any
number of diseases that could sharten her life.
Indeed; cloning an adult mammal is still a difficult, cumbersome business—so
much so that even agricultural and biomedical applications of the technology could
be years away.® PPL Therapeutics, the small biotechnical firm based in Edinburgh




that provided a third of the funding to create Dolly, has its eye on the pha_??awuti-
cal market. Cloning, says PPL’s managing director Ron James, could pmﬁde an
efficient way of creating flocks of sheep that have been genetically engineered to
produce milk laced with valuable enzymes and drugs. Among the pharmaceutical%:g
PPL is looking at is a potential treatment for cy‘s'ti(':z %ibrositis.

Nobody at Roslin or PPL is talking about cloning humans. Even if they were,
their procedure is obviously not practical—not as long as dozens of surrogates need
to be impregnated for each successful birth. And that is probably a good thing, be-
cause it give the public time to digest the news—and policymakers time to find
ways to prevent abuses without blocking scientific progress. If the policymakers
succeed, and if their guidelines win international acceptance, it may take a lot
longer than the editorial writers and talk-show hosts think before a human clone e-

merges—even from the shadows of some offshore renegade lab. “How long?” asks

PPL’s James. “Hopefully, an eternity.”
Notes

1. the Roslin Institute F $iAkBFFEHT. AT 1997 €2 A 23 BEMER LB — XM ZF (Dolly) 9
REREEEBRI.

2. *++ and as news from Roslin spread, apocalyptic scenarios proliferated. === BEEREPHAHBEBHNT
AR, S ARLRERAREB R,

3. Scientists who have focused - greater success. FEHRERNEHEETEEWZINBEKARKH
FFRNB TEXRM K.

4. It’s cloning mammals from cells that are not embryonic. T2 F LRI 40 M0 T /& i 8 334

5. ---differentiation alters the way *** the nucleus of a cell.  +*+-- AL MEE T B DNA(H BER KR
B )X,

6. The birth of Dolly -** than with technique. % FH AR SUER T AT A K453, T L BiRAFE

FITTERERREE EVERES KRR A EE SN, HRMRERR LK.

-- the key to getting a donor cell -** the same foot.  EFFAt A MES FH T AN X R IER#, B
AR LARERMELRERMENHERS. start on the same foot. F B SEET A 8]
) A8 R B
-+ so much so that even -+ be years away. --+--- MR EENEE, TUX—BARERLONE Y ESF
[ B9 7 F e AR X AT B o A so much JE AT AN B BT difficult, cumbersome,

Exercises

Read the following sentences, then choose from among the four answers the one that is closest in meaning to
the underlined part in each sentence.

1) A week later, the embryo that had already started growing into Dolly was implanted in the uterus of a
surrogate ewe.

A) delivery B) substitute C) background D) virgin
2) Once you produce on animal with a desired trait—a pig with a human immune system'--
A) mixture B) flavor C) organ D) characteristic
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3) --- researchers at the Roslin Institute near Edinburgh, Scotland, had indeed @!ed_ off what many ex-
perts thought might be a scientific impossibility.

A) accomplished B) postponed C) abandoned D) toyched
4) The ahility to clone abult mammals, in particular, opens up myriad exciting possibjlities «*-
< A) boundless B) incredible C) mystic D) more %M’%
5) *** the series of choreographed steps all cells go through in the process of dividing.

" A) delayed B) timed C) accompanied D) agranged

2. Match each word in Column 1 with that in Column 2 that is an explanation of the ‘underlined part in the
word.

Column 1 : Coluron. 2
‘1) cocyte . A) time
2) fibrositis B) ovum, egg
3) synchronicity , C) quality
4) cytoplasm D) material forming tissue
5) cumbersome E) abnormal condition
F) cell

3. Find in the material one or two (if there are) synonyms for each of the following common words.
1) fake
2) breast
3) doze
4) lively
5) traitor



2 " How Hard Is Chess?
- BEEB7? WER?

CURNSR.EHNAR RESBAMRNTTZH, BROBAREREARITH
THO? . '

. We alfeady 'knew that computets #re first-rate at solving equations, enter-
tainihg children, bu/rﬂgg friends and enemies under E-mail-and doing many other P
useful (&91;55, _They have also been brushing up-on’ thieir chess. By the end of th%%ﬁi‘{'
- second gamne between: Déep Blue! and Garry-Kasparov? last week, it was clear that
7



© o, Ttisn’t happy -when it wins or sad}w‘. bes
i plans if it beats Kasparov" Is it hoplng to. talm%p Pink out for a night on the

IBM’s extraordinary computer was playing better chess than any machine ever had
before. After Saturday’s game ended in a draw, the match was still tied at one win
and three draws aBLe_(;ng but technology watchers were pretty well agree: if the ma-
chine dggsn't ‘t‘rifumph‘this time, it is likely to triumph before long.*

Aﬂd Why bother about the actual date on which the computer finally vanquish-
es the human world champion? After all, it can already beat you. That in itself is
suggesti\;e and important, because no human being can play chess without think-
ing. And no human could beat the chess champion of the world, even in a single
game, without bringing significant intelligence to bear. Shouldn’t we conclude
that Deep Blue must be a thinking computer, and a smart one at that, maybe bril-
liant? Maybe a genius? Aren’t we forced to conclude that Deep Blue must have a
mind? That henceforth Homo sapiens® will be defined as “one type of thinking
thing” ?

No. Deep Blue is just a machine. It doesn’t have a mind any more than a
flowerpot has a mind. ¢ Deep Blue is a beautiful and amazing technological achieve-
ment. It is an intellectual Imlestone, and its chlef meaning is this: that human be-
mgs are champxcm machine bmlders" ’M1~sorts of- acttvmes that we thought could be

done only by mmds can in fact be done by machines too, if the machine builders are
" smart enough Ueep Blue underscores the same lesson about human thought we

learned- a oouplegﬁf generatlons ago from mecharﬁcal calculators. You can’t do
anthmetlc w1th01i"t using your mmd but when a calculator does arithmetic, we
don’ t conclude that it has a mind. We conclude that arithmetic can be done with-
out a mind.

Winning at chess, of course, is muc,h harder than adding numbers. But when
you think about it carefully, the 1dea that Deep Blue has a mind is absurd. How
can an object that wants nothmg, fears nothmg, enjoys nothing, needs nothing
and cares about nothing have & mind" ke can wm at chess, but not because it wants

. What are its apres-match’

’ E

em about chess or anyﬂ'tmg élsé
‘(“raddsorat tertdasts '

gt plays the game for the same

is a machine designed for that

'pﬁtérs as we know them will ne{vér havermnds No matter what amazing
feats they perform, inside they will always be the same absolute zero. The philoso-
pher Paul Ziff laid this out clearly almost four decades ago. How can we be sure, he
asked, that a computer-driven robot will never have feelings, never have a mind?
“Because we can program a robot to behave any way we want it to behave. Because
a robot couldn’t mean what it said any more than a phonograph record could mean

- what it said.” Computers do. what we make them do, period.® However sophisti-
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cated the computer’s performance, it will always be a performance.

Not so fast, someone might say. The human brain is a machine too. How can
we dismiss Deep Blue as just a machine when we don’t dismiss the human brain as
just a machine?

Because if your brain is just a machine, it’s a machine that can do one trick ‘
that computers have no hope of doing. A trick that is intrinsic to the machinery,\hmm
that can’t be duplicated onto some other machine, stored on a disc, reworked by
smart programmers or appropriated by Microsoft’. Because of the stuff it is made
of, or the way its parts are arranged, the brain is a machine that is capable of cre-
ating an “I.” Brains can summon mental worlds into being, and computers can’t.

But might not scientists be able one day to build a machine in the laboratory
with the same remarkable capacity? I doubt it. But if they do, that machine will
be, chances are, an exact replica of the brain itself.

That said, don’t sell computers short. What’s important about Deep Blue’s
success is what it tells us about the nature of computer science. We like to think of
it as a fast-moving field. In fact, it is plodding but not easily discouraged. In the’;é%*éé}\
1950s, many scientists decided that chess blé}ing was an area in which computers
could make rapid headway. Some predicted the imminent coming of a world-cham-
pion computer. But the problem turned cut to be much harder than they imagined,
as did many other problems is artificial intelligence. Qutsiders tended to write the
whole effort off; computer scientists, they figured, talked a good game but
couldn’t deliver. The researchers themselves dug in their heels, set to work and'ﬁ%’k
produced &ép Blue. Progress has been made on other .long-st‘anding problems also:
getting computers to translate English into Russian, for example, or to identify ob-
jects by sight. }9990/ ¢ 'VP\’J\

Simulating thought in general, as opposed to solving a particular, sharply de-ﬁﬂﬁ
fined problem, has proved considerable harder. One of the biggest obstacles has
been technologists’ naiveté about the character of human thought, their tendency
to confuse thinking with analytical problem solving. They forget that when you
look out the window and let your mind wander, or fall asleep and dream, you are
also thinking. They tend to overlook something that such mind-obsessed poets as
Wordsworth!? and Coleridge!! understood two centuries ago: that thought is largely
a process of stringing memories together, and that memories are often linked by e-
motion. No computer can achieve artificial thought without achieving artificial e
motion too. But even in that arcane field, some progress has been made. R 4‘4"‘

The key technique behind Deép Blue is “parallel computing.” To solve a hard" M AR}
problem fast, use lots of computers simultaneously. Deep Blue is a computer en-
semble; 32 general-purpose computers, each one attached to eight special-purpose
processors. Parallel computing used to be (believe it or not) contrgg{s/ia,l. Some é"{:ég

9
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