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| and h.ts pea plants back in the 1800s, and the science shows no

signs of slowing down. Laboratory cloning is relatively com-
monplace in government, academic, and industrial labs around
the globe. Every day, scientists use these techniques to answer
fundamental questions about life on this planet: How do or-
ganisms grow and reproduce? What are the uses and limits of
stem cells? Which came first: the chicken or the egg? The an-
swers to such burning questions may someday help us prevent
cancer, spawn réplacement organs in glass jass, and breed some

really funky poultry.

The term clone is derived from a Greek word meaning
“branch” or “twig,” which refers to the homcultural process -

whereby a twig from a plant is used to create a new plant that is
genetically identical to the original. At its core, cloning is the

. genetic duplication of a living or previously living entity.

If you were going to build a replica of your aeighbor’s house,
youd first need to understand how the original was built.

Specifically, you'd need a copy of the original blueprints, plus

the tools and knowledge to catry out those plans. Building 2

- replica of your neighbor is no different. The process simply re-

quires a iological blueprint, some very tiny tools, and a little
scientific savoir faire.

ONAZA REALLY, REALLY COMPLICATED BLUEPRINT |

_FOR MAKING PEOPLE [AND OTHER STUFF, T0O)

For any organism to develop properly, its biological blueprints | E
must be followed precisely to ensure accurate dssembly of.a

body with the correct number of fingers, toes, and nipples.
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These instructions are stored in each of the orgamsms cel[s by
a long strand of material called deoxynbonuclelc acid, or DNA
for short. To envision a strand of DNA, Just imagine the
longest chain you've ever seen; now imagine it being several
million times longer. Each link in the chain is a single DNA
building block called a nucleic acid, nucleotide, or simply; base,
In scientific shorthand, there are four main bases, denoted as A,
G, C, and T. A chain of DNA is merely an extended sequence
of these bases, o a brief section of DNA might look somethmg
like this: ' T

GGCTAGTAGCCGATTAGATTC
But how do we find any meaning in this sequence of j Jum-~

bled letters? Each of us is like an enormous biological word
sea:ch ‘there is order to the madness, but finding it demands a

" lot of persistence and an absurd amount of free time. Since

most scientists don't want to spend their Sunday afternoons
playing a billion-letter game of Boggle, we have computers do
most of the grunt work. This thankless task involves reading
through every nucleotide in a piece of DNA to find thc “words”
within, which we call genes.

A gene is simply a short atrangement of nucleotides that
can be mterpretcd and converted by the cell into one of the
many materials used for building an organism. These materials.
are called proteins. Setting aside 2 few special cases; every gene
encodes for a particular protein, and every protein serves a.spe- -
cialized fanction for life.

Genes are first “ transcnbcd” into an mtermedmy called ri-
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' Tbonucleuc ac1d, or RNA for short IfDNA isa bluepnnt then ;
| RNA isa tcmpora.ry photocopy ofa spec:ﬁc piece of thie blue-

print that can be worked with briefly and then dxscarded Imag~

ine you nccd a door built in a single room of a skyscraper :
 Would you hand'a worker the complete ‘architectural layout
to the entire buxldmg or sxmply give her specific instructions o

for the task at: handP A copy of the door schematics could be'

- uscd to take a door not Just once, but all' over-the buﬂdmg ‘
When the instructions wear out or bccornc unreadable, itsno .

. problem-—-—the original blucprlnts are waiting to be copied and
| handed out again. For example, 2 complete lzbrary of genes isn't
necessary to make collagen protein; a single copy of a col]agen

gene will suffice. In this way, an RNA transcnpt is like 2 work

‘order given to the rest of the cell for production of a specific
protem Thc actual transition from RNA ‘to protein is per-".
 formed by a complex system of molecular machmes through a’’,

‘ proccss called translation.

“To recap, the path from genetic blucpnnt to b1olog1cal ma-

terial has two main steps: (1) DNA is transcribed into RNA,
) RNA is'translated into protem This is how life works: if

| your body nccds a particular material, it simply copies that sec-
" tion of the genetic code and starts cranking out the’ protems '
Seems simple enough, right? But the blueprints are massive, .

and thc orga.mzauon is mghtmanshly comphcated
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THE HUMAN EENDHE—-!T S EVEN EIGEER ANB MURE '
cum:usmrs THAN vnu muusm " I

Accordmg to current cstunatcs, humans havc apprommately‘ '
25,000. unique. genes scattered among twcnty~thrcc dlﬂ'ercnt"‘
DNA chams callcd chromosomcs And as if that isn't claboratc i
cnough thc gencs account for only 2 percent of the total ge-
netic. matenal, there’s addmonal noncod.mg scqucnces bct\;vecn -
(and even' within). each gene that make up the other 98 per-

cent. Because thcsc extra base pairs don't actually code for any

protcms, thcy wcrc originally thought of as “junk DNA—
nothing more than useless filler between the meaningful’ mfor- g
mation. Imagme trymg to read this book if, for every cohcrcnt .
Page of text, we alsb inchuded forty-nine pages of gibberish in- .
serted at random. Not only would ‘the book be fifty times
longer, but most of it would read like thc output of one of those

infinitiés of monkeys and typcvmtcrs trymg to rcphcate Shakc- :
speare, '

One womans tIB.Sh 18 anothcr Womans trcasure and SOI't- Co

ing through ‘this so-called junk DNA s like rummagmg ‘

‘ through a waste heap; somiewhere between the discarded food-

stuffs and soiled mattresses lie the free auto paits. and wntagc x
casual wear. The tricky. part is p1ck1ng out the good stuff from
the garbage. This vast wasteland of DNA is littered Wlth scads
of seemingly useless information: ancient dcﬁmct genes, arti-
facts left by genetic parasites, and spacer sequcnccs ‘with poten~

tially no ﬁmctlon at all. But other regions have uses: beyond

mere protein productxon noncodmg RNAs that assist with =
various tasks genc—control elemcnts that rcgulate transcnp-— c
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tion, and rnany scqucnccs that may have yet unknown func-
tions.

of the noncodmg DNA, is called 2 genome. In humaps it’s

more than three-billion base pairs long. Combine that with the .
fact that the whole thing is smaller than a pinpoint, and you -

have yourself a doozy of a biological instruction manual. Think
you had trouble putting that bike together last Christmas?
-Tmagine how hard it would be if the directions were hidden

throughout every book in the ancient Tibetan literature wing of .

the Library of Congress. And you only sort of understand Ti~

betan. And the library is smaller than the penod at the end of -

this sentence.

GENETIC VARIATION—BECAUSE CLOTHES' DON'T MAKE
THE MAN; GENES DO ‘

‘While you wouldn’t have any trouble telling the difference
between the blueprints for a skyscraper and the blueprints for
a suburban horme, jfou might have more trouble telling 2 pair of
blueprints apart if they were both for different homes, hecause

- the differences between the blueprints would be more subtle—
How many bedrooms? How many bathrooms? Garage or car-
port? ‘ : '

Each orgamsm, beita txgcr, butterfly, or ficus, is the, prod-

uct of its species’ genome: a complete set of instructions for

building tigers, butterflies, or ficus. As a human being, your

DNA—the instructions for building you that are shared by
| every cell in your body—has 2 lot more in common with the

_The entire co]lecuon of g gones inan orgamsm, along withall .

Clonmg and you: v T ‘ T

DNA of other human bemgs than it docs W1th thc DNA ofan:
other. species: Still; we dont. hve on aplanet filled with practi-.
cally identical, people. Enough genetic variation exists w1t111n
humamty to: d13ungmsh one pc:son from another. At. least'
some. of th1s variation is due 10 the fact that, though you share
most of your genes with, thc rest of humankmd your version. of
any one pamcular gcne may be shghtly d1ﬁ'crcnt from your
nelghbor 5. , e ‘ . .
+ Look at how humans dcal w1th booze evcry man and

. woman catries several’ gcncs that code for a group of | proteins,

which collectwcly help break down alcohol. For a'given gene, "
you . n:ught have .the “hghmrmght version, while your friend
Steve has’ the “fratermty 1cgend” variety. Your gene codes for a
protein: that does the exact samie jobas;the protem coded for by
Steve’s gene,.but due to differences in its expression or subtle
variations between the. actual protems pxoduccd Steve spends
his Saturday evenings doing keg stands and beer bongs with no

s.dversc effects (long—term liver damage notwmthstandmg), but o

you end up drunk d1a11ng your ex-girlfriend after your second
sttawberry da:lqmn Extrapolatc this k:md of variation to the
other 24,999 genes in your body.and you havc alot of room for
diversity. The hu.man genome makes you human your genome. h
makcsyouyau ‘ B : R

To undcrstmd how this gencuc vanatlon arises, you need o
know a bit about the birds and the bees, or more spccxﬁcally, the -
eggs and the sperm (ifwe Just lost you, pledse refer to the young |

. adult sccﬂon for'a more; uh, appropnate handbook) Remem-~

ber whcn we said. that every cell in you.r body has the same
DNAP We hed lee any good scxcnt:.ﬁc prmaplc, thcrc are ex-. .
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ceptions to the rule. Eggs and sperm! (called garetes or germ
cells by biologists) contain only half your DNA, so that when
they fuse fq. form an embryo, the new child receives the correct
. amount of genetic material: half from Mom and the other half
from Dad. This is why most children have facial features that
 tesernble a cross between their two parents (and why those that
don't end up on a “Who's Your, Daddy?” segment of Maury
Povich’s talk show). . : o
Shouldn't siblings look exactly alike? If every child receives

half of Mor's DNA and half of Dad’s, shouldx't each one be an
identical fifty-fifty hybrid of his parents’ genomes? The answer .

is obviously no, but for a very specific genetic réason: every per-
' son carries two copies of each chromosome—the twenty-three
bundles of DNA that make up the human genome—for a total

of forty-six in each cell. That means you tend to have two -

copies of each gene called “alleles™—one on each chromosome
pair—and they’re not necessarily the same version. For exam-
ple, you might have a “lightweight” allele for an alcohol-
processing gene on one chromosome, but the “‘ﬁatcmity
legend” version on the other. Your actual tolerance depends on
the combination of these two gene variants. :

- When it comes time for the body to produce gametes, your
chrorhosomes pair up accordingly and then separate, each new
€gg or sperm feceiving only one chromosome from each of the
twenty-three pairs. Your egg or spérm has an equally random
chance of receiving the chromosome with the lightweight allele

or the one with sorority lﬁsh (along with the thousands of other -

genes accompanying that gtrand). Extrapolate this arbitrary
' partitioning to the other twenty-three pairs, and you'll discover
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that a single genome c'an-produce more than eight million
unique gametes simply by shuffling chromosomes around. This
means that the genetic code from two parents could theoreti-
cally produce more than seventy trillion different embryos. -

Ok, and one more ,fhing: when your chromosomes pair up,
matching sections on the opposing strands can actually swap
with each other, producing two entirely new chromosomes un-
like énything found in the rest of your body. So that seventy
trillion number was actually a bit of a lowball

The math says there’s Just no freakin’ way you and your
older brother are going to look exactly alike, no matter how
hard your parents try. They could spend the next ten thousand
years gettin' busy and still not replicate that particular combina-
tion of DNA strands. On average, you will share about half of
your genes with your brothers and sisters, and about 2 quarter
of your genes with your first cousins. Your genetic relation to
the rest of the world trickles off from there. o

In the end, your genetic composition is governed by what
your parents’ gametes deal you in a game of three-billion base
pair stud. So if things arent working out in the hairline depart-
ment, you know whom to talk to. :

MUTATION-—-CHANGE IS A 500D THING . . . SOMETIMES

While the blueprints for a house are typically unchanging,

DNA strikes a delicate balance between being static and
dynamic—-g sort of Darwinian teeter-totter between survival of .
the organism and adaptation of the species. Start messing with
the code and you may end up with some pretty confused cells
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= ."workmg ﬁ'om nonsensxcal plans (our bod.tcs need cc]lular o=

‘ ‘operanon, not chaos). But if nothing i in thc code ever changcd
.. 'nonew genes would ever arise and orgamsms would havc a very
* limited ability to adapt.
E .The process by Whlch the genetic codc changes is called
mutation. Potential mutations include smgle—base changcs (hkc

aC becommg aT), dcleuons (whcn codeis lost), and insertions

(when code is added). These mutations can occur through. ex-
posure to various mutagens (rad1at10n, oxidative stress, etc. ),

" mishaps in DNA. -replication when a cell dmdes, or even inva- -

sion by genetic parasites like viruses (which have the ablllry to,
insert their own DNA chrectly into your genome).

. If 2 mutation dccurs in the DNA of the cells that makc up

' ‘your reproductive machinery, this mutaupn can be passéd along

. to yqur offspring. Most ‘mutations are neutral: they don’t no~

" ticeably affect the orgahism._ Beneficial mutations give the or-

ganism an 'édvantagc, and are. subséquehtly kept in circulation
thxough successive rounds of breeding, so these mutations tend .
' to stick around.’ Disadvantageous mutations are typlca.lly se-

- lected out of the- poptﬂauon or. are fatal to the orga.msm nght
"off'thcbat ' S .

ELDNING—THE BIDLUEICAL EDPY NACHINE

 Inaworld Where. perfccuon is unheard of and even adequacy is .
rarc, we risk losmg the : occasional sublime combmatlon of.
genes to the chaouc whorl of breedmg Only clamrzg can glve us

a prcasc gcncuc duphcatc ofa bxologxcal organismy

Take 2 dnvc through any modem Amencan subdmswn and :

Eluninq and You " o

you'll notice that nearly all thc homes are bullt ﬁ'Om thc saznel
three or- four standard tract housmg designs. Voilal Architec-

tural cloning at work. All that was- needed was 2 copy of the

ongmal blueprmts and some workers to replicate the des:gn )
But as we ve already scen, 1t s nor that stmple for a complex Biv=-
ing orgamsm, you need a lot more than wood couerete, arid
sorne drywall. ' '
Imagine if a would-bc clonex—-we’11 caIl hun Junmy” .
decides for some reason to make 2 duplicate of himself. I the- |
ory, a]l]1mmy needs is a copy of his own genetic blueprints and |
a- biological device capablc of buﬂdmg a new Jimmy ﬁ-om
scratch. A hundred years ago, this might have sounded like sci-
ence fiction, but the tools for genetic cloning are all around us;
]Jmmy simply needs to know Where to look. . -

VIRI.!SES NU FRILLS ENTRY-—LEVEL EENETI[: DUPLI[ATIDN

Just like ‘che plans for a house or 3 skyscraper, _]'unmys gcn.etlc
blueprints are relauvely meamngless until the i instructions are
carried out ard the matezials are organized in meaningfiul ways,
Othcr*mse, all he’s got is a useless pile of protein (if we only had, -
a nickel for every time our ‘high school gym teackers called
us that .. .). To make a bmlog:ca] copy; Jimmy's going 1o need

to learn how gcnctzc duphcauon happens in the wild, so we'll .

start with the- sxmplest version known to’ humankmd viral -
rcphcatxon .

A virus is nothmg more than 2 bundlc of genetic mateml‘
wrappcd in a shell of proteins; the genes: code for'the proteins,
and the protf:ns protcct the genc; In terms of b1010g1ca1 or-'

?aé-. o
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ganization, this is as simple as it gets. But whether a virus is
even “alive” is debatable. A virus is merely an infectious agent
‘that cant reproduce on its own because it Jacks the necessary
machinery. Instead, a viras needs to infiltrate a more sophisti-
cated organism and start using the available materials to make
copies of itself. _ ‘ '

A virus is 2 lot like an unwanted house guest. Some don’t
seem so bad at first, like the guy who crashes for the weekend
on your pull-out sofa bed. The first night he’s passed out and

appeats relatively harmless. But two days later he’s still hanging -

around, and the next thing you know he’s overloaded your
~ washing machine and flooded the basement. In the virus world,
 these seemingly unassuming little visitors incorporate their ge-
netic material into a host genome and may lay dormant for
years before causing any noticeable problems such as AIDS.
Other viruses are more like the ultimate party crasher who

barges in uninvited, messes with all your stuff, and moves on

~ when the booze dries up—except that the virus makes thou-

sands of copies of itself and they all set fire to your house on the

way out. o o
Irritating ‘as they are, viruses are extremely good at one

thing: creating genetic duplicates of themselves. Within the

confines of a host, the viral genome is copied, a new protein

shell is produced, and the parts are assembled into a new; iden- _

tical virus. This process is simple only because viruses are so
simple: they’re outrageously tiny, use an extremely. limited
number of proteins, and may only carry a single piece of genetic

material to be copied. Sure, it would be convenient if Jimooy -
could clone himself this way, but thank God he can’t, or youd -
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probably h:;lwe.a thousand little Jiramys playi ng Kickball i oue .
yard right now. Bcsides, it’s best not to emulate a Parasite.

MICROORGANISHS—YOUR GREAT~GREAT-GREAT-6REAT_GREAT-
GREAT-GREAT-GREAT-GRANDMOTHER WAS AN AMOEga

Unlike viruses, living creatures ‘are composed of individual
structures called cells, which include a cell niembra:;e (or wall)
and a genome housed within. Sounds vaguely similay 1o 3 virus
right? But a cell is much more elaborate, capable of COPying it;
own DNA and making its own proteiné—something that those
freeloading viruses can’t do on their own. Like every other or-
ganism on thg planet, Jimmy is constructed from individual
cells, and he’s going to need a way to re-create these structures
if he’s ever going to make his fresh new Jimmy clone,

The simplest living organisms consist of a single ccll‘ and
nothing more. These bare-bones creatures were the vcfjr first |

+ recognizable forms of life on this planet, including a particular

group of microorganisms that we're 4ll intimately familiar with:
bacteria. While 2 virus is essentially powerless without a host to
exploit, a bacterial cell'can transcribe its own genes and magy-
facture its own ‘proteins without additional help. A bacterium
also has the ability.to copy its own genome and divids into two |
identical cells—a simple cloning process termed binary fission
or asexual reproduction (which is a lot less fun than sexual re-
production, but comes in handy if you can’t ind a dafé),
Unfortunately for Jimmy, he’s not a single, enormous cell,
and if he wantegl to clone himself like a splitting bicterium
hed negd every cell in his body to simultaneously divide and m:




Cw HOW Ta I:IEFEAT Youa DWN CLUNE |

‘ 'orgamze into, two 1den1:tca1 In:nmys As theres no lcnoum b10~ ‘
; logu:al mechamsm in place for this type of spontaneous human
clomng, t}us is as unlﬂcely as it would be pamful

| f‘l}Ui;TIEELl‘.ULAR ORGANISHMS—

EB!‘IPLEXITY THRDUEH TEANWBRK '

: Whﬂe a smgle cell has the capamty to. grow, adapt and copy
© - itself, it takes 2 complex organism to paint 2 picture, drive a -
" “car, or win the Stanley Cup.And frankly, this is what we really
o ‘. care about, because a clone of Wayné' Gretzlcy is going to be
© alot more interesting than'a clone of the E. coli that gave you

. the runs last night. Most of the organisms with which we're

‘- fa:mhar--*plants and ammals—compnse trillions of cells, each

“with a specialized- function, all working’ together in concert. .
These cells are the fundamental building blocks of any complex

b1olog1ca1 entn:y, mcludmg human beings, and they interact to
o form the structures of our bodies. In order for Jimmy to-copy.
: hzmself he’ll need a way to re-create h13 uniquely mtncate

b1olog1cal des1gn, and the easxest way is to iritate the ongmal
designer. -

plans Every cell it the body holds an identical copy. of the in-
structxons, yet each ce]l has, a specxﬁc role in buxldmg and main-

: ta.mmg the complete orgamsm Just as a house is an assemblage

~ of various materials like wood brick, steel, glass, sand, or mud

| and specific parts like walls, roof a‘ndl doorls,?l human bodles, too, ,

- Mother Nature assembles orgamsms much as people as-
| serible bulldmgs the genome is the- blueprmt for the body;, and -
" cells are the miniature construction workers: that carry out these .

tmning'and You. - 0 L L EERE

are built ﬁ:orn thc ground up’ usmg a bunch of orgamc b1ts and' .
pieces. In both cases, the end product isa umque structure ans-l R

ing from a predetemuned deSIgn

In a living system, cellsand proteins come together to form o
tissues, such as bone, muscle, or nerVous tissue. These- tissues

combine further to make organs: complex structures, including

the heart kxdneys, or bra.tn ‘And on an evén larger scale; organs '

combine to-form btologmal systerns, like the c;.rculatory, diges-
tive, or respiratory. systems: As a whole, Jimmy is a hlghly or=
ganized collection of these various systems, which coordinate

to keep him alive and functional; bt bear in mind that all of
this' complexity arises’ from _Tnnmys individual cells and the -

blueprints from which they work,

If]unmy was' “cloning” his house, hed g1ve a copy of the -
original bluepnnts to'the construction workers, and when the. -
job was completed, the. contractors would collect their pay- "

checks and move on. Sure, they might feturn to do some minor

repair- work on the siding or to remodel the k1tc.hen, butunless -

Junmy is very wealthy, they probably wor't live in his broom

closet, waiting to spring info action at the first sign of a blown
fuse. Cells, on the other hand, reside in an-organism’s tissues, |

where they have a number of hfelong responsibilities: they ex-'

pand the tissue dunng growth and development, repair'it when |

injured, make new cells to replace those lost to age and damage,
and pa.rnmpate in the specific ﬁ.mctxon of the tissue. A muscle

cell contracts or relaxes to help the body to move, a liver cell |
pumps out enzymes' that. deto:ofy' the blood, and a neuron -

transmits. clectncal 31gnals n response to vanous stu'nult

In'theworld of the cellular “buildes overy cell Bolds 2 com.
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plétc copy of the genetic blueprints, but each one‘“r.eads” those -

plans in a different way—a phenomenon called cellular differ-
entiation. These differences between cell types are critical, be~
- cause if every possible protein in the genome was always being

produced in a given cell, that cell would be' a chaotic mess: In-

stead, each cell in the body controls which parts of the genome
are turned into RNA. and which are not in order to specifically
control what proteins it's making. A bone cell, for example,

churns out mainly bone-related RNAs and has little need for

muscle- or nerve-associated RNAs. In this way, every cell type

in Jimmy's body is like a specially trained worker with a very
 exclusive skill set—each one different, but essential to the,

whole—just like the builders of 2 house. An electrician has nei-

ther the tools nor the know-how to install Jimmy’s plumbing, .

and a plumber would be just as baffled by the wires behind his

- Sheetrock, but together they can build something greater than
the sum of its parts. )

Let’s say the construction workers are building various parts

-of Jimmy’s clone house. They’re all given 2 complete copy of the

blueprints, but each worker requires only specific bits and

pieces to do her job. The roofer needs only the top part of the

design and a particular batch of materials (shingles, nails, nail
gun), while another worker might need only the floor plan and

tools for constructing a bathroom, Each builder needs to know -

not only what features are required, but how many of them
need to be built: Does the bathroom need one toilet? Two?
Thirty-seven thousand? This is not a trivial distinction. The

same thing is true of cellular builders: each one needs to know
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what proteins to ‘produce, how much of them to make, and

when and where to make them in order to get the job done
right. This variable gene expression is what differentiates one
cell from the next, and is essential for maintaining the overall
organization and function of a body. Without it, Jimmy (or his
clone) might be just an enormous pile of skin cells, and that
would put a serious da.mi:er on, well, pretty much everything.
The problem with trying to “rebuild” a complex multicellu-
lar organism like Jimmy based solely on his genetic blueprints
is that the vast majority of cell types aren’t competent to make .
the entire body from scratch. Jimmy can’t just give a copy of his
genome to a fat cell and expect it to make 2 new person; that
cell is predisposed to making more fat. So instead of trying to
recruit trillions of different cells and giving each one a copy of
his DNA, what Jimmy really needs is a single cell that hasn’t yet
re31gned itself to a parucular fate. And that’s where stem cells
come in. :

STEM CELLS—THE BODY'S JACKS-DF-ALL-TRADES

As a grown adult, most of Jimmy’s cells are already fully differ-
entiated into specific types like nerve, muscle, and bone, and for
these cells, there’s usually no going back. But stem cells are
different—they have the ability to transform into a variety of
different types depending on their current level of differentia-"
tion. The earliest and least differentiated stem cells are the
embryonic stem cells—found in the embryo—~which can theo-
retically become any cell type in the body. They can also divide
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| into two. identical stem ce]Js each w1th the ability to erther d1-
. v1de again (fike the “broomsnck” scene from’ Fanz‘asza), or dif—

" timate stem cell:'a zygote. _Allthe other cells in an orgamsm are’ :
| denved from this one.ongmal cell. The steps from “single cell”.
to “baby Jimmy” could (and do) fill a catalog of textbooks, but

' the Jirmy fetus, while others continue to. divide and replenish

two legs, two eyes, and a boatload of necessary organs. The
: point is ‘that complex organisms don't exist as a single cell, but

B mdmdual

~ the result of wluch is.a zygote with a never-before-seen and

ferentmte towatd a parttcular lineage. B
When an egg and sperm first combme, the result is the ul-

the general idea is simple: the Zygote first divides exponentially |
to make 2 cluster of embryomc stem cells. Some of these cells -
then begin to change and differentiate to form the early parts of

the stock. As the process continues, cell division allows the de-
velong Timmy to grow; and cell dxﬁerenuatton helps him ac-
‘quire his ]unmy-ish shape. After nine months, a single ]unmy ‘
-zygote has grown. into'a complete infant Jimmy—two arms,

they all startas one—a very special one-—and this phenomenon
is what will allow us to replicate the development of a speaﬁc

NUCLEAR TRA‘NSFER'—-A CLONE 15 '_atiRN
I alone zygote can make a cornplete]umny from a single cOpy.
of his genome, then why not use that mechanism to make a nefw

Jimmy (or several new Jimmys)? In nature, an’ embiyo is
formed through the chance meetmg of a unique egg and sperm,

never—to—be—remade genome. But the genome still exists for as
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long as that orgamsms DNA remains intact, and re*creatmg a
zygote is much easiex than re-creatmg an entire peson.

The technique for malong 2 “copied zygote is called so-'
matic cell nucléar transfex, in'which the nucleus (the part of the |
cell that holds all the DNA) of an unfertilized egg is removed '
and- replaced with the nucleus froin a somatic cell (ie., any
adult cell other than an egg or a sperm) from the organism to be
cloned. To create Dolly, scientists took the nucleus from an
adult sheep’s mamrna.ry gland cell and transferred it into an
enucleated egg from a Scotnsh B]ackface ewe. The result was a
single egg cell contmnmg a complete set of genetic bluepnnts
for makmg a copy of the ongmal sheep from which the mam-
mary cell had been taken. That cell was 1nserted into the womb
of the ewe, where it developed naturally mto the clone we lmew
as Dolly. - e ‘

To clone hn:nself Jnnmy would have to re-create this nu-
clear transfer process for 2 human: he would need an egg cell
from 2. female donor- (any healthy egg - wrll do) and a nucleus
from one of lus own cells. After r removing the nucleus from the
egg and i msertmg the DNA from his own cell, the egg now has
the genetic matena.l that ]unmys ongmal zygote had and is .
tricked into thinking: it’s time to ma.ke anew baby Jimmy. All .
Jimmy needs now is a surrogate mother wﬂlmg to carry around
his developmg clone for the next nine months (Good luck, g |
Jimmy.) Ladxes, at least you bave the optxon to be your own
clone’s surrogate mother, although this will probably make de-

'featmg her even harder, what with all the emouona.l atmeh—

ment.
thle 1ts essennally unpossﬂ:le to preasely' copy several
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trillion cells and piece them back together into something .
Jimmy-esque, it’s far less difficult to make 2 single.cell that’s -
‘primed to remake Jimmy and let Mother Nature do the rest of ¢
the work. At the moment, there are still several technical, ethi~ "
cal, and regulatory hurdles to overcome in terms of Auman
cloning, but the groundwork has. already been laid in other
species, which means that it’s only a matter of time before
~ Jimmy starts cranking out c0p1es of himself into an unsuspect-
~ ingworld.

You may have a wiser head than Jimmy, and you may be in- -
clined to think twice before cloning yourself, but that doesn't
mean someone élsz can’t clone you. Your body is the unique
source of your genetic blueprints, but it's constantly shedding
copies—skin flakes, a drop of blood, or even a single hair folli~
cle can be enough to provide a complete, clonable genome.
Anyone with a basic knowledge of molecular biology and the
right lab equipment could theorenca]ly obtain a copy of your
genomic DNA. Once human cloning technology becomes a
reality, these DNA thieves will need only a donor egg and a sur-
rogate mother to release a copy of yourself onto an unsuspect-
~ ing you. ' - |

NATURAL HUMAN CLONING—MBTHER NATURE (S NOT
.IMPRESSED; SHE'S BEEN DOING THIS FOR ABES

Many of our readers probably already know this, but for those
who don't, let us set the record straight: identical twins are
clones. QOccasionally, when a fertilized egg divides to make
more cells, those cells may physically separate, splitting into
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two Or more idcntical embryos | in the womb. Because these em-
bryos share the same genetic code and because the cells are still -
in the “embryonic stem cell” phase, the duphcated embryos .
start building from the same set of genetic blueprints, and thus.
identical twins are born: genetic duplicates traveling along par-
alle] paths of development. .

The neat thing about. cloning is that it’s esscnually like
twinning, but with the two twins potentially living on dis-
jointed timelines. Before Dolly the sheep and the advent of re-
productive cloning, if you wanted to clone yourself you'd have
to make that decision as an embryo, which is quite a big deci-
sion to make during your first trimester. In the future, you'll be
able to make that decision (foolish as it may be) whenever you
want. Just remember that unless additional technologies are
created to artificially age your clone, your genetic duplicate is
going to start life as an infant no matter how old you currently
happen to be.




