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Making
Men
andWomen
Without
Men
andWomen
byDavidM.Rorvik

Lessfun,maybe,butmorepractical

Learnloiovethefivetypesyou seecavortingaroundinthis
picture,becauseanyoneofthem

couldbeyourgrandchild,soleading
scientistssay,whowillexistoutinspacc
colonizing,exploringandgenerallyliving
itup.Themaninthewhitesuitpushing
buttonswillnotbehornexacdy,but
willbemoreorlessmanufacturedhere

onearth,underpressureinanartificial
wombafterhisgeneticmaterialhasbeen
nlieredbyscientistsusinglaserbeams.He
willIjcbredwithoutlec;s,andhewon't
missthem.Hewillbeanastronautofthe

mid-twentynistcentury,engineeredto
niakelongspacejoiu-iieysandLegless
becausehewillliecxjiectedlolive'for
iltcadcsinasmall{aijsuh?wherelegs

•wouldonlygetintheway.Thismanwas
[iredirtcdbythegieatI'.iitishs<iLiiiisi,ilic
lateDr,JVS.Ihddane.onet>lthefirMlo

reflectoncontrollednuitaiionofIniniatis,

Hakianealsopro[josedthe"aseplic"man
slujwnbehiiultheastronaut.Thi^creature,

germ-freeinsideandout.willpossi4jl-y-have
skinlikeasurgeon'.srubber.glcne,a-T
n!ir;iijons\steniofsomekindforbreathing,
antlnohair.He'llbeaboontogerm-free
planetsbutotherwiseaproblem;as
Haldanesays;"-Toanasepticperson,
producingamongotherthingsinodorous
fetes,dierestofhumanitywillappear
Stinkersandthereuiilbegravecnrdtiotial
tensions,incluilingasexualbarrier."
Gravityvariessh;irpiyins[jare.Onsome
asteroidsthepullissoslight(hataniati
touklgosciuldingalongthesinfaceor

-drift-outintospace^-Haldanesuggests--
breedingprehensilefeetandatailforsuch
cases(upperright).Elsewhere,ason
Jupiter,grnvita'tionalpullisjoheavythat
onlyashort,dumpy,strongmancould'
moveeasily.'.'Iwouldbackanachondro-
plastic[dwarf]againstanorma!manon
Jupiter,"saysHaldane.AnEnglish
philosopher,thelateDr.OlafStapledon,•
proposesaquaflruped,forJupiterwitheyes
-protrudingsothathecanseeoverhis
spider-likebody.IfyouthinkaH-this
representstheblue-skyramblingsofa
coupleofscientistsafterpiibIicity,.you're
wrong.Theseriousworkthatwillproduce
aworldlikethisiswellunderway.
Turnthepage—andstandcFear.
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Birth without Sex
UMMhcthir you like it or not—and
wiW many people don"t-the first

scientificsteps of separating
jexual [jleasure from procreation have
already been taken. Artificial insemination
accounts for about 10-,000 healthy babies,
born in the U.S. each year. The process
involves extracting .spertn cells from
genetically desirable males, freezing them
•in manycases, and introducing ihem by
means of a syringe into the female <luring
the period of ovulation. Frozen sperm
banksexisttoday and the late Dr. H. J.
Mullet of Indiana University called, for a
nationwide,cataloged system of them.
Muller's ideas are supported by many
leadingbiologists including Nobe! Prize
winner Dr. F. H. C. Crick. Even more
promising in scope is artificial tnovulaiion.

a process being investigated byDr.,E. S. E.
Hafez ai Washington State Univeisity.
Already it has proved feasible in mammals.
The egg, fertilized naturally or artificially,
is (lushed out of ihe female just after
conception has taken place. The tiny
embryo is preserved and implanted i^to
another female for prenatal growth and
eventual birth.

The problem—so far unsolved—is in
freezing thcembryos without damaging
them. Dr. Hafez, confident the difficulty
will be overcome, has succeedeil in keeping
animal embryos alive in coltl storage for as
long as twelve days. When the [jresctvaiion
techniques are perfected, any womim can
choose her own offspring by "prenatal
adopfion," selecting from among the
labeled specimens in an embryo bank.

Women who do not want to go through
the rigors of pregnancy will be able to hire
surrogate mothers who will have the baby
but will contribute nothing to the genetic
makeup of the implanted offspring. In a
world of frozen sperm and egg banks, a
man and a woman will no longer have to
unite in either time or space in order to
reproduce. Telegenesis—the mingling of
sex cells derived from donors miles, even
continents, apart—is already practiced. And
paleogenesis—themingling of sex cells
produced on different days, even dilfereni
years—is also a reality. A woman living two
hundred years from now coulil, if she
wanted, have Marcello Mastroianni's child:
little Raquel Welches coukl abound a
century hence, and Jean-Claude Killy's
kids could fill an Olympic skiing team.

Enihienl

jean ol the,
Frvnch Atftdctny is one
IIIthe lo/iinleri ol the
bioloKicalrcvnliitlun.
He jolleil intlerlilizcd
IroKi' eggs with chcnii-
uilf. "iriciing" them
iiiio doubling their
chromosomal conlenl,
HethnseOected
paribeiiogenesis, the
binh of a perfectly
constituted living
creal'irre'tro/n a virgin
egg. Rostand says
Homo sapiens is
becoming Homo
biolosicus.

Nobel prize iviiiner,
the Lite Dr. /•/, }.

WiWnllcr ni

"neri'iiihil choiec."
•irlifiiiiil insci'/iihiti'jii
III iroi'ien ii itb the
if/cnii III iiicii "whole
lifcs biive git eii
eride/ice ril uiitstniid-

- ing gifts ol mind,
meritsof dispoiiiion
and character, iind
phyiic-d fiinesi." He
M/ggeited b.iniihing
the current practice
of sperm-donor
iitionyinily.

Dr. J. K. SherMuu ol
/he. Univex-sifi nj^" ••
/Irhrniirt ifv/J the first
til i/icci'isliilly impreg
nate ifjii/en with
ipcriil Iroi/l j/rjiij
Irozcn lor prolonged
puriiidi <il 385 degrees
/jcloiv zero. He esti-

mates tcvcriil hundred

babies now alive got
' their start in the deep"

Ireeze. The practice is
expected to flourish in
the near future.

One ol the practi-
••toners of artificial
•nreiniiiatioii is Dr.

Shphiti Klccginaii ol
iVtM' Yori University.
.She fitaiiitiiius

Mianyniity of donors
but tries to mutch

:lttnor's appearance
and background with
iffat oftherecipient's
husband. Donors, all

li rtile. inlelligent
n en, produce sperm
bymasturbation and
collect S2i per
specimen.

Pioneering biologist
Dr. E. S. E. Halez of
Washington. State
University uses
hormones to induce *

superovulasion—the
release of perhaps it
hundred eggs in a
prize cow—artificially
inseminating these
wish sperm from a lop-

•grnde bull. He then
places one embryo in
each of a hundred
genetically less
desirable cows who
carry them through
to birth.
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Recently biologists devised
a plan to demonstrate the
biological freedom made
possible by artificial
inovulation. They arranged
for an entire herd of prize
sheep to be air-mait€%^lo
them from Europtj^jfi the
form of tiny embryos kept
alive in the uterus of :i

single rabbit. The embryos
were removed Itere and
implanted into ewes while
the real mothers grazed
contentedly back on the
continent.



Birth without People
rhe cnacial breakthrough will be

creating life in a test tube, achieving
an embryo outside the female. This

is nowa distinct possibility. Dr.John Rock
of Harvard and Dr. Landrum B, Shettles
of Columbia Presbyterian Hospital in New
York grew humanembryos in viiro,though
none lived longer than a week. Dr. Daniele
Petrucci of Italy (below) placed ripe ova
between glass slides, fertilized them and
grewan embryo that lived a month. (The
Popecondemnedhis work.) In anticipation
of the ultimate achievement of in vitro

fertilization, KansasUniversity's Dr.
Kermit E. Krantz and others are closely
studying the functions of the human
placenta. The iilea is to build an urtificial
wombsimilar to one already constructed by
Dr. Robert Coodlin at Stiinford. The fetus
will lie in an oxygenated saline solution
inside a small bathysphere with porthole
view (left).while tremendous pressure
forcesoxygen through the feial skin.
Though mnchines like this have had only
limited success, scientists are confident
that they will be improved to the }X)int
where ihey will eventually be able to carry
the unborn all the way through to birth,
thus making human motherhood obsolete.

When ectogenesis—test-tubebirth and the
artificial womb—becomes reality, the fetus
itself will be the subject of as much medical
intjuiry as is the chiUI and atlult now.
Thus, during ihe past few years, the new
sj5cci;dty called fetology has blossomed.
Dr. Karlis Atiamson at Columbia University
ami Dr. Sheldon H. Cherry at Nev^York's
Nfount Sinai Scliool of Medicine have

developed techniques for observing the
fetus, determining its sex and appraising
its general health. .Actualsurgery before
birth (left) is being tried experimentally on
monkey fetuses by Dr. Ronald £. Myers at
the National Instituteof Health
Laboratories in Puerto Rico.An interesting
fetal treatment hasbeen described by
Dr. O. S. Heyns of South Africa. He
discovered that when women, duringthe last
stagesof pregnancy,"were placed in a special
decompression chamber to increase the
flow of oxygen to the fetub, they gave birth
to superintelligent children. Many of the
offspring were coherent conversationalists
at eighteen months. Such techniques might
well be applied to the artificial womb
in order to breed a generation of geniuses.
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F^wer menjplease,
andmake them all redheaded

T^d/Wj^^. /•

rhebabies that will emerge from
artificial wombs will be smarter than
you and I-and not only becauseof

incrcascil prenatal oxygen-. The volumeof

the human brain. 1500 milUHters oh the
average, istlictated by theproportions of the
female pelvis. Once weare free from that
resti ictipn. the geneticists say they could
create cranial wonders beyond our present
imagining. France's Jean Rostand suggests

•it might be a >implc matter to induce one
or more doublings of the fetal brain ceils
He alsosays it will be"no more than a game
for the man-i';irming biologist to change!
the subject's sex. the colorof its eyes, the
general proportions of body and limb.s, find

'perhajjs the facial features." 1
Scientists are unhappy about the currcnt

random proiluciion of male anil female
offspring and generally feel that the worJil
could do nicely with fewer males. A. S:
Parke-s. physiologic at Cambridge, England,
states that in Britairralone-there are a mil
lion tons of excess "male biomass. One man.'
Parkes sav-s, "could easily father five hifncu'ed
children, or considerably more if Jie got
himselfproperly organized." Thus, biolo
gists arc iooking for ways notonlyto deter
mine sex ])renatally but to coiurol it. I
Columbia University's Dr. Landrum B.:
Shettles, using'])ha.<e-contrast microsco|)y,-
believe.s he has found an easy means of
identifying the two kiiul-s of sperm that
lietcnnine sex. One type shows u[) u'ltli .
elongated oval-shapcd heads (as in the iline
on ilie left in the jjictiire) : tlic otiier ha-
nioic lotnpaci. round hcacLs (on ihc i'i ;lu}.
The latler protliitcs tlic nKiic. Evt-ntualljy it
may Ijc pd.ssible lo scparaie'thc t\vo ly]n-s
in the test tul)(; bcfo«; f" vitvo fertilization,
cither on the basi's'of their tlilfcxing electric
charge or their ililferent mass. "Sex by
sedimentation" has already !)een demon-
straieil with animal s])crm and woPks this
way; Iliiici containing the sperm isallowed
to sit in a cooled container for twelve hours;
the heavier fcmale-producing sperm sirjiks
to the bottom while the more 1luoyant ntalc
variety floats on the top. Rab )iis artificially^

A League ofJoe Namaths
The phenomenon known as into unfertilized-frog egg cells in ^yKic^ the

"cloning" may "well be thegeneticists' female nucleus, consisting of but a halfm "cloning" may "well be the geneticists'
ultimate coup. It isbased on the fact,

established onlyrecently, that eachcell in
the body.'notmerely the conjoined male and

'-female sex cells, contains all the informa
tion necessary to createa new individual.
Professor F. C. Steward demonstrated this •
jvith carrots in experimen,ts carried on at
Cornell. At Oxford, Dr. j. B. Gurdon".
removed cells from a frog's intestine and,
wi^h tinysurgical tools, managedto lift out.
the cells' nuclei. These nuclei contained-the
fullgen'etic complement ofchromosomes in
the frog donor. Gurdon implanted them

into unfertilized-frog egg cells in ^yKich the
female nucleus, consisting of but a half

• complement of chromosomes, had been
delicately destroyed byradiation.The result
was strange "virgin" eggs which now riever-
theless contained all the chromosomes

. needed to produce new individuals.Many
. of them did produce tadpoles—and each

tadpole was genetically identical to the
original frog donor, a carbon copy-, in fact.
Stanford's Dr. Lederberg says,"There is
ff&thing to suggest any particular difficjlty
about accompliihing [doning] in mammals
or man, though it will-rightly be admired
as a technical tour de force when it is first
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inseminated with fluid scooped off the top
produce, in a typical experiment, severity-
seven percent males.

Actual genetic change, controlled muta
tion, will follow selection of sex. This will
be accomplished by genetic surgery, which
embraces the insertion of desirable genes,
the deletion of unwanted ones and the
manipulation of still others to change and
improve the human genotype.

Stanford's Dr. Joshua Lederberg, a Nobel
laureate, believes n strenuous effort could
put genetic surgery within our grasp in as
little as ten or twenty years.The tool needed
for the surgical manipulation of D.N.A.,
the nucleic coile of life, is already at hand
in the form of the laser beam, which can be
focused to a diameter as small as one-ten-
thousandth of a centimeter. With this in

credibly precise "editing" device, unwanted
genes or, conceivably, even the muchsmaller
nucleotides that make them up, could
easily be erased. And synthetic viruses, some"
scientists say.will probably be used to carry
geneticcorrectionsinto the proper niches.
Dr. Edward Tatum. a Nobel winner at
Rockefeller University, suggests "suppressor,
molecules" to prevent the functioning of
certain genes and "nuclear additions" to im»

, such additions has already been proved in
jexperiments wiih microorganisms.
I Di': Robert L, Sinshei,mer. biologist from
Calfcch, recently ilclivcretl a paper in which
hecalled tlicpossibility ofgenetic engineer-

: ing "one of the most important concepts to
arise in the history of mankind. For the
first time." he said, "a living creature under
stands its origin andean undertake to -
{le>igii its future." All this'couldeventually
protliicc the five human mutationsshown
three ['ages back, or it couklsimply mean
that, should red hair, say, become the rage,
a generation of redheads could be produced
to satisfy the needs of the day.

implemented." Any man. then, by giving
up some of his body cells, can produce
an exact rc])lica of himself-or several or
many hundretls of such replicas. New copies
o£exinTdrdinary men can be produced
before the original dies.Great beautiescould
be cloned to cheer a dismal world.'Dr.
Lederberg suggests that neurological simi
larities between cloned individuals would
ease communications problems since each
clone would quickly interpret the other's
gestures and brief words. The technique
would be admirable for those who must
work in close harmony: astronauts, soldiers,
underwater explorers, surgical teams.



Dr. Lederberg admits that cloning puts
man "on the brink of a major evolutionary
DMixirBaiion>y Hisown opinionof it, in
fact, isnegati^^. It could, hesays, replace
racism, with huge clonish elements vying
against one another for social, economic
and political mastery. But if the War of
the Clones can be forestalled, and if mad

Clone Streisand and hybridize her with the
best Rockette. That will be a chorus line.

men and fanatics can be restrained from
cloning themselves, the phenomenon could
be of immense benefit. Jean Rostand pro
posesscoring body cells as insurance again.it
mutilating or fatal accidents to men of
remarkable attainment. Doctors could
simply replace the revered individoal with
another one. Dr. Lederberg notes chat the

Multiple Bonds would make for faster ac
tion and a swifter plot. Bye, bye Smersh.

similarity oE minds between clones would
facilitate discourse and negate the genera
tion gap that plagues conventional educa
tion. Dr. Haldane called for cloning centen
arians and people with resistance to radia
tion or with a high pain threshold. The
effect upon future entertainment and sports
could he astonishing,as you can seebelow.

Dancers like Nureyev should clone them
selves young so they can instrtict offspring.

A few Mahaiia body celti~in storagc-now—Oulstandiiw^r.LisLs.miil uxr ihfir ^
would assure us of a chorus for all time. /o-ham r^licas in-style and technique. iicijer be altow^ to clone themselves.

I



Wantea: Capable Ape
To Do Janitor's Work

Scientists predict man cvcnlually will mix
human ^cnes with animal, making para-
Human "slave" animals to do low-'^riidc labor.

iM

Culture experiments now going on combine
human nucleic material with that of other
animal ipecies. The brains of the mouse-
or tlie gorilla, for instance, may be developed
beyond their present capacities by,dosages
of the human twenty.first chromosome.
i)£anford\ Dr. Lederberg believes the day
uiil comc u'hcn the laboratory will produce
man-animal miktures, or chimcras. of "vary
ing propoitions of human, sub-human and
hybrid tissue." This could create a unique
labor force (left) or provide a ready supply
of organs for transplanting when labora
tory nninuil!. are breXwith organs readily
:iccepi;ible in the liuman body. Other,
biologists arc at work on the possibility of
inducing the human body to regenerate its
own new paus to rcplacc ilamageil or sur
gically removed organs. There i.s some reason
to hope that this avenue M'il! prove fruitful
bccause frogs, which normally have no
regenerative abilities, have been "laught"
to regrow missing parts in the laboratory.

5,

vv-r.

Sticks and stones

won't break these bones

Dr. Manfred Clynes and Dr.
NailianS. Kline, both of
kockland State Hospital,

.Kj.Y., coincd ihe term
['cyborf{" (for cybernctic
organism)—part man, part
kiuchinc. Aman walking
around with a pacemaker in
his chest is on the way to be
coming a cyborg: medicine '
has many other man-made
parts already at its disposal
or coming soon, as shown at
lleft: Dacron arteries, ceramic
!hip joints, metallic bones.
Many scientists are con
vinced man will eventually
discard all his bodily parts,
subject as "they are to disease
anti death, keeping only his
Ibrain to be implanted in a
jsuper-efficient mechanical
body.

/
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Making Machines into Men and Women
Perhaps the uUimntc cxicnsioii Oihcr, uuirc iiuric:iic cyborgs will bt; Don't \v'ish them luck; you'll need it worse •

of ihcgciiclic rcvohition will be n rcnicJtc-cfJiitroIlcii machines, or tclcfactors tliiin they will.ihcgciiclic rcvohition will be n
new breed of luimanlike ni:icliincs. General

Elcctric ex|)crimcntcil with :i balancing
mndiinc like lhai at far left in the piaure

.above. A man siaiionccl in the box fifteen
feet above ihc earth could, by his own body
movemenis, make the machine stand, bend,
flex. The hope is that this will lead to."
"walking tnicks" for military or space use
(oneof them is'seen in the background oF
the picture). Moreadvanced in development
is GX's Hardiman (second from left
above).-This is an "exoskeleton," a machine
literalFy worn by a man. It follows hi^'own
mmTments and amplifies them greatly so
that a man can lift fifteen hundred pounds.
Ralph S. Mosher, who directs research on
this project, says the symbiotic relationship
betwen exoskeleton and operator is so
iniimate that the man "subconsciously con-
^ders the machine a part of himself."

Oilier, more intricate cyborgs will bt;
rcnKJtc-cfJiitroIlcil machines, or telcfactors
as ihcy arc callcii by William L. Bra(ilcv
of. ihe',Insiitmc for Defense Analyses. These
nian-niacle men will be linked electron
ically to their lumian coimterparts. The
hiiihaii 0])CTat0r wi-ll senseeverything his
"double" sciises-witliin tlie limits of safety
—via a sen.sory feedback system. Thus,'
slave-doublesor man-midtipliers could be
used in liazardous ivork on earth or in space,
as shown at right above. In a study for
N..A..S..A., scientists Edwin [ohnsen and!
William Corliss predict- miniature man, a •
slave-double built smaller than man "able,
in turn, to builda ^mailer replica qf itself,
and so on, smaller'i\n^ smaller, until tl^s
descendants reach atomic dimensions.":

Your great grandchild might be able cosend
a carbon copy of him.self inside his brain to
see what is cau.sing his headache. Which
brings us, once again, to your progenyJ

Don't \v'ish them luck; you'll need it Worse
than they will.

A timetable for you
on your way out

You're okay by us, reader, just'the
way you are, but all good things
must end. What follows is based on
a number of scientific forecasts in
cluding one done for RAND Cor
poration. In jus^two^years you'll be
able to choose the sex of your off
spring. As for the rest:
Artificial inovulation-in

humans .......1972
Genetic, surgery 1995
Routine animat cloning 2005

-Widespread human cloning 2020
Routine breeding of hybrids

and specialized mutants
for space 2025


