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Genetics Society of America August 31, 1967

Friends, colleagues, and disparate genotypes.

Marshall Nirenberg did me the favor of providing the very best possible
introduction to the remarks I would like to make tonight in the form of an editorial
that appears over his signature in the 11 August issue of Science, and I would like
to ask you to hear me first read that editorial. It's entitled "Will Society Be

Prepared?"

o) &Lé&iﬁ?

All of the foregoing is a quotation from Marshall W. Nirenberg.

I have quoted Dr. Nirenberg's remarks because they make a good stalking
horse for some criticisms which I would like to offer, and not in the spirit of
any kind of perscnal criticism of Dr. Nirenberg himself. I must say that in self -
defense, because his own accomplishments in this particular field are so vast and
so0 well known that I would hardly dare to stand up against him in his absence

without some sort of reminder that I may be exaggerating the import of his remarks,

y-brief-sgtatement—of—themy and
that further elaboration on his part might givem a different interpretation than
for the sake of discussion I choose to put upon them at the present time. Never-
theless, I think tgz'language thet—he-hes-used will evoke a familiar chord with-
meny-of-yeu. I think there is a reaction of fright about man's control of his
own destiny, in particular about the use of genetic as compared to other forms
of biological intervention, and I think it is important that we succeedd in
achieving a realistic point of view about what we can do, what we should do,

what is likely to come about, the kinds of information that we need to find for

ourselves to lead indeed to the wisest possible application of these new kinds ma

of discovery. I will take a few of ;;;Jtexts from these remarks, and comment on

them.
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The most awesome phrase, and I have heard it at least twice tonight, and
hear it every day, and I use it myself on frequent occasions, is the reference

L] n
to man!s power to shape his own biological destiny. This is an awesome statement,

and it is probably true, h;:5hua%—eenséder—wheb—éﬁ-meeaeq—end I'm not sure what
Qun
it means. I-think—ihe central question about man's hioclogical destiny is whether
we will have a posterity able and willing to commend us for our foresight, intel-
ligence and good wikl. Molecular genetics undoubtedly plays a role in the ultimate
answer to this question. Even more do politics, military technology, and what we
might call the religious aspects ofh:::nculture generally. The way that we deal
with Indian famine and with Chinese nuclear power may be even more relevant to
whether there is a biological destiny of man on earth. We also know that that
destiny is finite in any absolute sense of the term, either with respect to
catastrophic accidents of our own making, or with respect to the long term future
crlonza
of the solar system, and unless we, for example, peitemise and propagandize the
universe, we do have a finite, ultimate destiny. I say these remarks in hopes
of achieving a certain re-focus about the nature of the problems that we should
be concerned about;if we look too far in the future we may overlook the ~beam in
our own eye.

The phrase "the betterment of mankind" also offers many difficulties of
reference in any circumstances, and particubrly when we're talking in evolutionary
terms, which is the framework in which I choose to interpret Dr. Nirenberg's
remarks. I could ask whether it was for the betterment of apekind when pre=
hominids left the trees and moved on the ground, and had arms available for
the acquisition and inspection of objJjects. Will any intelligent species stop
evolution; 1n the conservative attitude that change is likely to destrey the
existing framework of the species? Will it insist on having a completely rational
view of the events that concern the existence of future generations many years,

1§
centuries, millenia hence, 4gain the framework which we must judge any issues
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that concern the evolution of our own kind. But if we do insist on that rational
possibly
outlook, how can we/anticipate the unknown social and technological milieu of

existence of such future generations? ﬂThe one principle that we can probably
find common ground on for all of us is to avoid rash irrevocabilily of the de-
cisions that we make. Unless the very exitence o? scientific thinking is
included in tha’irrevocable tind we might wish tz}zgld in order to avoid change,
no isolated experiments can be regarded as globally irrevocable steps. In
fact, they are indispensable for the wisdom needed to judge which institutions
should be set up. When Nirenberg refers-ér recommends that”when man becomes
capable of instructing his own cells he must refrain from doing sé; I believe
we should trmanslate that into "We should be very cautious” about instituting
social and political frameworks?ihange which constitute irrevocable steps for
the entire species". But these remarks could very easily be‘?gzérpreted, and
point of view
some of us might be misled into adopting a fmxmwu¥m that suggests that we not
undertake any isolated experiments whatsocever in an area so full of m*gtique.
inxnxhnxxu:iixx the genetic programming of humen cells, untki we can under-
stand all of the implications. How will ®e ever learn what these implications
might be if we never do any such experiments? q;e must distinguish the rash
irrevocability of isolated events in other sphere:rzz those which would apply
to experimentation with single organisms of our own species. History tells
us that a nation infected with nuclear power has no choice but to use and
develop it in the existing context of world affairs. A single nuclear detonation
was an irrevocable event for the politics of our time. It is doubtful, but not
certain, that any nation would make quite such a threatening use of genetic
weapons, and they are likely to be less immediately impactful, and to have much

longer time scales than the physical ones, which will permit some possibility of

intervention in the social misapplication in-the-premature—-sociat—taposition of

the single standard of biological control.
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With respect to future developments, Dr. Nirenberg makes some remarks that
I must characterize as imprecise. He refers to theﬂsynthesis of\message;, and
their possible use in programming e cells. Whether the messages are synthetic
or natural, so long as they are calculatedly used, would Beem to me to make
very little difference. I think when we talk about programming cells, and talk
sbout messages, we shouid inquire for some greater precision into just what kinds
of messages we are talking about, and what impact they will have on respective
organisms. And the harm is that language of this kind read by laymen, read by
political leaders, read by religous leaders, may be misunderstood, that very
important distinctinns may be blurred, and that we may end up with significant
restrictions on our sense of freedom of action and experimentation, which in turn,
as I have already remarked, is what we must have if we are ever to achieve the
kind of wisdom that has been alluded to. Some of these distinctions are with
respect to somatic,vs. germinal effects of these messages. Are we talking about
the now conventional messages of the messenger gﬂé( the means by which_ggé trans-
mits;;:formation to the protein synthetic machinery) or are we talking about the
message which is implicit in the DNA structure of the cell? Cﬁnd are we talking
about somatic effeets or germinal effects? In general somatic effects are highly
pgsggg&}, An RNA medsage that I may use for the repair of many of my own genetic
defects is something that may help me live, but will surely die with me, and it
is very difficult for me to distinguish the social relevance of the use of an
RNA message for the remedy of such a defect in my own person from that of any
other aspectx of medgcine, a-i:én fact, many therapeutic agents are already
involved in this kind of meddling with my somatic genetic programming. If, for
example, according to most contemporary theories, I were to partake of the use
of a hormone, its purpose is to elicit the calculated production of specific

messages in certain of my cells in order to make protein synthesis occur in

cells in which it otherwise would not. If I were a diabetic and could anti-
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cipate the possibility of taking a single shot of the appropriate messenger

RNA to reprogram the synthe$is of insulin in scme of my liver cells after my
pancreas gave out, I think I might resent any blockage to my taking advantage
of this on the vague grounds that this is in some general way a genetic messeage
that we should refrain from using until we may know for sure whether it will
ultimately be for the benefit of mankind. If we are to use that criterion, we
should use the criterion with respect to every medical intervention for individual
human betterment. In fact, I think it must be stressed that the point of view
which is implied in the presentaion of this editorial rumns counter to the funda-
mental responsibilities of medicine! The-fundamaniai-nespensibiiitty-of-medteine
e the care of the individual patient. It is certainly the concern of the rest
of the social milieu thattbhe sum of xke care of individual patients works to

the benefit of the entire community, but a literal following out of the pre-
scription that Dr. Nirenberg has presented would be the total stoppage of medical
practice, 4;iow when we come to germinal effects, of course we must have some

much clearer idea of what we're doing than might be the case with the personal
intervention of somatic repair. If tg:1use of a medicament -em=me has an implica-

tion not only on my health and my survival and my longevity, and my ability to

perform, but also that of my progeny, then of course we would insist, emd—%-

think-it-—would—notrequirt tircomenie—of—a-noiecvier—bivtopist.to.insi sty
that we have a clearer idea of what we're up to. <F;ere we are already guilty of
some sins, I think most geneticists would deplore the sometimes careless use
of anti-cancér agents, for example, that are known to cause chromosome breakage,
and are known to cause mutations, sometimes possibly in patients who may still
have progeny, and of course we have had a very necessary and very important
furor about the indiscriminate use of radiation. If the reports about the

breakage of chromosomes by LSD are correct, there might indeed be a very strong

rationale for social control of the use of this agent, or for the compulsory
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sterilization of individuals who insist on receiving LSD, because they may then
a

be laying a basis for/very severe penalty that society as a whole must adopt
with respect to the increased incidence of congenital malformation.in the next
generation, Here again, I don't think this is what Nirenberg was driving at;
if he was concerned primarily about genetic messages with germinal effect, I
don't believe that either he or I would be that greatly exerciseiabout the pos-
sibility of some transgression in x::! experimental context. The occurrence of
an occasional individual whose genotype is other than it might have been k& as

at
a result of the use of genetic message of calculated composition im some point

It is
in its formation just does not have that kind of social impact. Something wmukd
¥mxe tc be cautious about, but it is a caution already within the framework of

medicine as it is now practiced. A more precise statement of what I trust are

his concerns would be a caution against the {Eggggd social control of those
techniques, those apparent benefits, those advances that molecular biology may
help to bring about. And in this we have a certain analogy with rational
germinal choice, as has been advocated by by Huxley and Muller, for example, owmis
cf Muller was constantly being misquoted with respect wxx to his advocacy of the
use of the technique of artifical insemination of chosen donors. He had in mind
individual choice of specific genotypes mf as sources of sperm for the pro@uction
of what he hoped might oscasionally be superior kinds of individuals and he was
constantly misinterpreted as advocating social imposition of such germinal choice
on families that would have preferred to make their own mistakes rather than
adopt those of the community in which they lived. New—bt—is-—possibie—bo—argre;
aﬁ—%ﬁéhn distinction isn't as easy as it
might appear. The mere introductiion of an attractive technique, of a technique
which seems to confer a dertain degree of social benefits, and which has unkmown
social hazards, may lead to its social adoption, 5If this is the problem, this

is what ought to be stated, and this is what we should attack. I think, though,
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that most of us would agree that while isolated modificaftons of existing genotypes
in either a random way, or in a calculated way,can increase the range of variability
and sometimes bias the range of candidates for natural selection to operate, thwt
the overwhelming source of man's biological destiny in the sense of the over-
whelming basis of the changes in gene frequencies ::x the changes of the genotype
of the human species come from our physical and cultural environment operating
by natural selection; that differential reproduction is overwhelmingly a more
important source of the definition of the next generation than any isolated
changes in availability of individual genotypes.

Now Nirenberg says it has noﬁ?gz:n pessible to program mammalian cells.
That remark’strictly within the context of his statementlis correct. He was
talking about the use of isolated DNA operating to replace mutant genes by
other mutant genes or by normal alleles, by anadégy with the well known pneumococcus
transformation experiments I—sheu—:—l-é—-renark—ﬁh&t(tha‘t possibility has been known
for twenty-nine years; It did not require the development of synthetic DNA;*.
astually. sccomplish-dhe—fact. But-es-a-metter-of-foetr-dueanlt..guarrel, ¥ith
NisenbergiestatBHENt "1H tHe Srettve- rori™In WOiCch he HEfE~Trr<but-i-beiteve-ye-

@ }51 . .

have to considen-bhis—tmr-a-somewhat~THFZEY tomtess. -Qap we in fact program
maimhalian cells, in the sense of introducing genetic information of known
import, calculated to produce an explicit purpose related to the genetic
machinery?, As—s-natter—of-fact we doy—ii-this—light, already practice biological
engineering on a very large scale, and we are doing a rather sloppy Job of it,
and since this particular element of applied biology may indeed be a prototype
for the way in which we may end up broadcasting favorable genes in other ways
in the future, I would like to spend a little more time on it.

I am talking about viruses used for immunization. Polio virus particles,

measles virus particles, any of a number of other agents have been developed

in forms whihh have been attenuated in order to reduce their acute pathogenicity,
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80 as to make convenient the job of immunizing children so that they will not
come down with frank disease. n‘"3.§ don't want to rock the boat on this ques-
tion; I still think Immunization is a‘gpod ;hing te-de, and T don't deplore its
development or its application at the present time. But I think I must speak
out for a much more intense study than now exists of the human impact of these
practices. It is very sloppy, it is unconscionably sloppy, considering the
scope with which this form of biological engineering ;is carried out at the
present time. The use of live virus is as sloppy first of all because mf the
techniques of production, monitoring, specification, characterization of live
viral agents belongs to the dark ages. I-eemrgiveyou-empisisal-prool of-thate

-statenment. by the fapt that-epproximately e—thiwdwer half o a billion doses of
"
/

SV-40 virus were included in the polio virus immunization of the last decade’
This was a passenger virus, originally, in fact constantly present in the
monkey kidney cells that we used for growing both the Shbin and the Salk vaccines.
It proved to be more resistant to formaldehyde than polio virus, and therefore
was particularly prevalent in Salk vaccine preparations since these were used at
a higher dose in terms of total virus particles. It was also present in the
Sabin preparations. It may have been a subject of greater concern in the SAlk
virus because this is administered parenterally and the SV-40 would not have to
face the barrier of penetrating the intestinal mucosa before it entered into the
general circulation. SU-U0 is a virus which seems to be a harmless passenger
in the rhesus monkeys used asties-unees of tissue cultures for growing the

VEXIixx
polio xmxxime wirus - in fact, it is very difficult to demonstrate the virus
in that species and very difficult to demonstrate it using human material, and
one needs the g{gggqmgggfy to obtain good plamrques with enough cytolytic action
to demonstrate it. It's a notorious virus because it will induce cancer when

injected into newborn hamsters, but after the hamter is a few days old, it has

no known important effect on these organisms.
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It is a little late in the day to raise any alarums about this particular
subject. Nothing very catastrophic actually seems to have happened, in spite
of the fact that many millions of children and adults have received rather large
doses of this virus in past history. The Public Health Service thinks badly
enough of the procedure that it now prohibits the presence of SV-40 virus in
current batches of maccine, so with one hand we have expert assurance that it can
do no harm, but on the other,"well,we'd better not have any more of it:.

I deplore the fact that we have no way of knowing whether either e the
SV-40 virus - let-me—ayy-pantienierdy~tHe CV-SO ¥id@k - or even the attenuated
polio virus - have caused more subtle deleterious effects on mankind. We may
never know whether the use of these vaccines was for the betterment of mankind,
because we don't collect the kind of data that could enable us to reach this
conclusion. It seems rather likely, Judging from ohher characteristics of the
present generation, that these viruses may have caused a reduction in IQ of the
contemporary generation. MWhexkex If that were a matter of 20 points on the x
usual scales, we mipgBt have discovered it. If it were a matter of 2 points, we
couldn't possibly have discovered it. And yet an average reduction of 2 points
of IQ, vhs%eve9-*ha:-naana;-but-uhetever—*o-bohind-a.sﬁa&sm:ni.likanihﬂi, would
surely be regarded as something most deleterious to menkind. Well, it could have
happened. It could also have happened that the IQ's kxxm went up byk§°%¥t§o,
and our current generation may be too smart to want to bother with taking such ttq
tests very aggressively!

One of the principle indictments that I would make in our contemporary
exercises in genetic engineering is that we don't realize that we're doing it,
afdd we're not following what's happening. One of the reasons for this is that
we are looking too far in the future instead of??esterday and today for the
kind of wise outlook on what is happeneing right now in the species in the use
of contemporary applied xk} biology sc that we can ask the right questions on

{
& large enough population base Fhat perhaps we could tell that what's going on
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is for better or for worse. Now, it's not implausible that polio virus might
get into some of the neurones of a developing child and have some specific
morphogenetic effects, in_that—-eentees ,-but-vie~—have nosigi—of-dmmowinguito.
In fact, it's even possible that the neurone count of children who have
received these viruses is %25553 than that of other individuals in the
population, by 10 or 15Z, and we would have no way of knowing it from our
existing data. I can't stress this point too strongly, that we do not
watch our populations closely enough to see ewwn major movements taking
place within them.

My second criticism has to do with the way that these agents are

prepared,

vhat :e are not taking
advantage of the kind of techniques thatANirenberg and Kornberg and I and
others like to use daily in our own laboratories in a more rarified research
context. There is no excuse for virus preparation being as contaminated as
polio virus was, m?p;rt from the difficulties of detection, the only

way it could possibly happen is that we are content to use biological reagents
of enormous potency without taking any real care to see that they are pure,
homogeneous and ;Jhat they are intended to be bt-, physical chemical

criteria. It was enough that the polio virus preparations produced the

right kind of plaques on a selective group of tissue culture media for them

to be authenticated as being pure polio virus.

aboratories.
But-;Pe virus agents used for this kind of genetic engineering applied on a
large scale to our population are crude culture filtrates. They are subjected
to no biological or chemical purification whatsoever before they are

packaged in sugar cubes and passed out to the kids in school. And I don't

see any excuse for it except the fact there is a '“7744\ that virus
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iununizaiion programs are mass medicine, thet—theylre-mot—to—be--done under_ any
circumstances-mwith.the.kind. of dectstor-with-whiehia.uill

exn:sis:.n:diaaay—-dtetnef'grd of course they're not at all to be labelled

as biological engineering having anything whatsoever to do with the new
9

molecular biology. However, before we become to exercised about biological

engineering and its hazards and a lack of decision in our understanding of

the mechanisms that we're using on such a large scale, I think we ought

also to remember that we practice psychological engineering also on a very,
very large scale. hoxzible example_of
it _is peyehoiogicai—engineering 15 Tertainty—under—very-vehononi~gocint

combmed: It's compulsory. It's mostly pretty-well programmed from reasonably
central authorities., It's equally unscientific,gyd we call it education.
M I think we should consider very literally that education shapes the child,
shapes the character of the next generation in just as explicit a sense as any
of the biologiéal innovations that we have in mind and possibly if you believe
some theories of the nature of learning, even from a morphological point of
view, that is if you believe learning has something to do with the morpho-
genesis of the central nervous system as many people do. If we try to
look beyond the specifications of what Dr. Nirenberg has laid out so con-
veniently for me to use as a point of exposure,‘;;;ht ask what else would I
quarrel with him about., I've already quarrelled with him on the time scale.
He says something twenty~-five years in the future and I've tried to point out

that we're talking about events that were well launched flive years ago or

ten years ago. The future events that he's talking about happened yeaterday.

; even

within-the—frame-work—of-wirat-ire-was-talking-aboutby-thre~twenty-five.Yoali.
(7
is-mueir-too-tongactine .diowamsr, permit mebto indulge in some of my own

L
hypotheses of sources of evolutionary imnovation. Let me begin with the

= o
most explicitly germinal, Chmges‘w
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Here I would like to go back to viruses. Some of you may have been puzzled
exactly why I called the virus immunization an example of genetic engineering.
Well, let me illustrate what I meant by a hypothetical proposal that was put
forward most explicitly recently by K4 " He found that in tissue
culture the W virus will, asmany viroses—tor-de-feet as all
viruses do, induce the formation of certain special enzymes, many of which
have i perceptible relationship to specific virus growth in the cells in
question. Many viruses for example induce a unique Wktm
Most of the bacteri@hages induce unique DNA pol¢merases that have properties
somevhat different from the typical DNA pol§merase of the bacteria that
they previously infect, and so on. So, in fact, it is nof:d regarded as
commonplace to think that ome of the special functions of the information
in a virus particle is to impose a few special enzymes that are related
to the unique replicability of the viral nucleic acid as compared to that |
of the host, In addition, the virus generates a caps.grotein to protect
itself outside of the infected cell, and that's what viruses are all about.
Induced enzyme synthesis by viruses in a rather non-human context are very
familiar now. Dr. Rodgers at Oak Ridge noted, and I believe others have as
well, that tin Sho’.e virus in tissue culture would also in induce another
enzyme, arginase, which has no ob:rious adaptive V"b& b P\& virus,
bﬁt we take it for granted that“s—‘due to our own myppia that we areunable
to see why it's there. That wea a stepping=stone to another finding of his,
namely, this was reported in Nature last December, that a considerable number
of pgople who have used the Shope virus in the laboratory had very low serum

c:y‘nltﬂa, O ‘ pretty convincing
c)fue that they are statistically different from the

R

( SLL Al -v%)" rz /bc}vb , & &;zx‘«,&
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rest of us, and-though I do not believe he has definately demonstrated that

W
this is the same phenomenon as has been demonstrated tissue culture, it's

indeed very plausible that virus workers in the laboratory have acquired

infections with the Shoke virus which is known to have no effect in
' > C/? L4 :'
Man, but that they have indeed been fw,frﬁ el 1 infected 'that some of those
been to .
tiddue cells have/induced/a form a particularly active argenase .and-this

-

This has had no
\
perceptual effect on the performance of these individuals unless their pre-
fal

@ )
occupation with the Shoke visus is somehow Mheir low serum argenase !

)
hou ' L o
types.af man. that. can.seediy--nele v ) : fOP-PhonoueneR
aemwedl. But you could not have told them apart by looking at them or by

Y
watching the5 you had to measure their serum argc:.:w- to know that they'd had

any previous experience of this kind. H-HC,Rthis may have been the first
understood example in Man of the ampmaxmmgx appearance of a virus-induced
enzyme as an augmentation of the genotype of these individuils, at least
with respect to the sematic behavior, these individuals are mmt stigmatized
by the fact that théy have some additional genetic information than what
they were born with, the information coded by the Sho’e virus for the pro-
duction of this specific protein, w:e don't know
of any use for argenase in Han, I donlt bheliexe thele-aro-any—avgersse”
hunans. koowa—e¥-—-any-genetiediseases—tirar-mtgirc—beirreorporated
im%so we can't cure any known metabolic defect,lf we could just

find one it might make a very nice case for using Shqke viruses in a

constructive sense., Fhe—virus—doco—net—itaeit in-—-these—people
Sp—bhre-way, MNd THAT TTappeere-—to-—prewn—imra-eryptie-fazn.to leave gt

whether or
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o

Rodgers proposed f_lets look for viruses that make more useful enzymes, for

example, let's—look—for-viruses-that makk will induce the formation of
phenylalanine hydrox;lasecund.zgu all know that we could then cure

PKU at a fundamental level, we might even want to get into the fetus and not
wait for the birth of the recessive homozygote who might be impaired in his
mental development because of his accumulation of Phenylalanine '

on an ordinary diet. And if we can't find such viruses we really are just
in the brink of being able to make them, that is a possibility of splicing
a messenger RNA that codes for ordinary human phenylalanine hydroxalase to

the viral RNA of one or another infectious virus seems like a very plausible

. B 5
'fJ;n ,ﬁ_(,-rar .

possibie, both in the point of view of the chemical steps needed to fabricate
such hybrids and from the point of view of the likely persistance of such
xkxsux viruses themselves in much the same fashion as the original passenger
viruses would have done. So this would have seem“és mé the nearest thing on
the horizon by way of the calculated yc;éE“Zf viruses for genetic engineering-.
T o

and-so-it occured to-me—it's exactly what we are already doing for immunization
purposes. The only difference is that the induced enzyme which Rodgers is
calling fory is, in fact, an induced antigenic protein which—may—iadeeé—h;«be

hjLgnay-e~ior—a}i—we—knuw?—but—it—is—some.sngciﬁie—pieeein encoded by the
viral nucleic acid whe we would like to see pxlili prodaced in the human

being who receives this information whe—would—itice—to—be-produced-on a life-
long basis (so we don't have to reimmunizej#e=gmd the purpose of introducing
that protein is to evoke an antibody that responds against it so that you will

have immunity covering against infection by other virus mxm particles. But
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it’s fundamental biological operation is exactly the same as that of the
late addition of the gene to the organism so the calculated production of
the specific protein encoded by that genetic information.

aﬁ-

This has come to the top of my list asﬂ\candidate phenomenon for human

intervention because it's already here. It's hard to think of explicit ways

in which M germinal changes, -but-many-6f-us-a8¥6--LoNLAINGE-08-RePe
W hosarat

might be brought about under calculated control. One wonders exactly how

we are going to introduce nucled/'ﬁn changes into germ cells so that they

get into the zygote, otirerwise you are—taltkingabouteematic-sax. —Thumes
littie-pusaled-how-we—wili—-ever-be—abie—to-do-tirstw without doing something

else first, namely enabling the vegatative propagation of an existing
organism, My argument is that we will somehow, if we are ever to get to

the stage of the kind of genetic surgery that I think was in the back of

Dr. Wirenberg's mind, have to be able to manipulate nuclei of specified
origin to do something to them’and then put them into an egg so that they

can operate in the normal developmnt&hm -ARd—i-wouit Ttke-to—remind
youmhet if we can do that, even if we don't alter the genetic composition

of that nucleflB, we have already accomplished a major deviation in the
reproductive habits of our species from an evolutionary standpoint, because

-
we will have introduced vegatative copying of existing genotypes .(aad-ehat

inplys—anecessity—-for—recombimatton AU EVETY Remeration. We—aluwans do
have—teo—face—up—-to—tie—tiketthoodtHIC THE CEChNOIOogy Ior unis—witibe-

»

dieecovered. As a matter of fact_itleé already been done long sinee, but—se

nany—of-these—thirgs—trave—imr-some—centems, but so far only in amphibia.
]
t
I'm talking about Briggs and / <J {/\%L S experiment on nuclei. '
transplantationewhich--swe- useveityThought—of—inr-tirts-Ttght—because—theisn
T 1 Mmaly examples they couldttuie-nuelei-fsom-differentiatede
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i
tissues, put them into eggs and get normal development. ually
found very considerable restrictions on development ut they always do

report a few cases of seemingly nornal dgyn&ﬁiment from such tramsplanta-

- s P
e L e 2

# /i(/"L iy
tions, and Gurden workingAqffférent species has had considerabl
— A
different luck im this tg;péﬁt ,and what's outstanding about Gurden's
7

experiments to my mind, 1s the frequency with which

repetitions of th
essential]ly normal development can be obtained from the nuclear transplan-
tation of tissues of much later aﬁd sometimes even adult origin into enucleated
eggs.ﬂhgznzggzﬂ;eg;tatively reprodﬁ;:a frogs are almost a comnonplace, but |
e

how long will it be before they are commonplace in mang who can telly But

I don't think any of you can give me any fundamental biological reason why

man should differ from amphibia in this particular respect; H&y nuclfa

transplantation should work any differently in man than it does in amphibia.
éﬂiThis would be a prototype of the base-line experiment that would have to have

been realized in order to exercise genetic surgery by any route I'm able to

think of at the present time, and I think it'll be there first. Hopefully

connected/::t:his is a pmkhwaxx topic that has fascinated a few people

in every biological generation. I'm reminded thatxitwmkiagyx HoldaggLieferted

to it and Mrs. Holdawé:“ﬂelen Spurway, actually attempted a demographic

survey to look for the possiblity of partheno genesis in man. She found

that there was a certain confusion about what __ . -~ - b;y/k,actually

TZas

—neét; You may recall she advertised h@r examples of this over the BBC
W
about 12 or 13 or so years ago. She didAso not because eof~the-poessiblity..
#fparthenogenesis was a new idea, but mmmEm because a diagnosis of itg
setvally-Taving-irappened-eppeased—duriny tihio—timev—wli. became possible by
the development of our udderstanding of the genetic transplantation, te-be-
able~to dEvelop—ebjaectiva-sriterta ol T Renetieo—dolationohip-of-offspring
to parent; one step-better -even-than-bleed-group —comparisons-would trave™

;A
4om®; Her idea was that if any example of proported parthenogenesis
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passed the other ssarchexs, then she ought to try reciprocal skin transplan-

tations, and if they worked in one direction at least )which is the expecta-

ot
tion for parthenogenetic p&h ,most any mechanism oﬁw than

corroborative
it would be pretty good zmhsmhakkxm evidence that it actually happened.

Her failure to find an un equivocal example, says nothing about the future,
elther on a random or a contrived basis. And I was really quite excited to
see an article in last months *Genetic:by Olson and.-l-fergei—the—name—of
his-coticague-at--Perdue, on parthenogenesis in turkeys where he remarks

that the hkghkxfxe highest frequencyof parthenogenesis in these birds is

a fundtion of the simultaneous presence of an appropriate genotype and of

the F.a‘u ¥ virus infecting these birda.’ (?jit:e substantiael yields of semexral.
turkey eggs parthenogenetically produced, are capable in quite a few cases

of developi#ng into normal male adults, w—yw-wm-uu-—_
igy.aze—-eatrendy-knowm. Well, again, if it can happen in turkeys, it; gping

to happen in man ,I'm quite sure. I_“Q:ny evolutionist looking at what

has happened particularly at plant species is likely to remark that. experiments
in vegetative propogation are likely to have a much more profound evolutionary
impact on the further devélopment of the species than is the occurrencéof any
other sort of variability of genotypes present at anylgiven time. These of
course can work together, but the point aboutv reptc:duction of course

is that it is such a —f—fzww‘f answer to the g‘aesis prayers. It the way

of expanding an immediately adaptive genotype to the circumstances thén
existing, which is of course what the kugenesis\are crying for, and well, you
worry later about what happens when the emmironment changes or gpour ideals
change. I—thini—abso a very reasonable predicate for future development
besides the viruses that we may introduce forxagmakkzak somat::l.c.ﬁ./‘thK

(we may have to generalize our concept of the virus in a couple of directions}

one-for which there is.alieady—ample-precadance, is that it takes very little
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to turn o a virus into a plasm 1t's only necessary that the virus be
very adherent to the embryo on its way through or be passed through the milk
or be actually present within the cell of the egg as well as other cells of
the body. There are any number of viruses which defacto are inherited as if
they were( hlasuoé;ns) even though I believe in mammals there is no wrZheerele <
example of actual e, — oval W&W“;:rmnission of a virus
particle. 1 may be wrong about that and I'm not sure that pragmatically it
matters very much from the point of view of fl:apotential human inﬁact. If

it is in fact true{ that mothers who are infected with a virus seeleccdech "§\~
introduced are going to pass that infection onto their offspring, it's hair—
splitting to ue the question whether that was done through some external

to incorporate Ammunizing viruses in this way, axxmix but as a matter of facg
the odds are shat we would prefer to avoid it., The reason we will want to
S avoid it axm is that by all odds we want to keep the next genmeration of
infants from being builtin paseat tor polio virus erigin, :h:l.ch they are

likely to be if that antigen is present -WM . q‘l;ut that
also suggests the kinds of antigeng that we'wud& indeed want to be sure gre
pretty regularly transnitted, .d_éo:l’-i;ine, for example, wanting to produce
viruses that have a sewt-of-pasent-m=genstic capability of coding the more
common histocompatibity antigens cemmeeted S< ML to give these kids
ifresh kidneys when they are adults and their old kidneys have been worn out.
But skexximxxapxszemk this kind of engineering does represent a very plausible
way of getting around some of the other engineering problems of building
genetic information into existing chromosomes. ﬁnother way to

do that is to avoid using/::isting Achronosoned and put in another one. And

what I envisage #&s sewmmmf the next step along this line 1s building some

very small chromosomes with just a few genes on them and tramsmitting these

from cell to cell, for example by seS$-fusion which is already a very well
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authenticated teclnique, and is able to produce /MW
of—vlwy somatic cell hybrids between forms ad distantly related as fish and
man in tissue culture. These hybrid A=)z§;t1rrtypes do undefgo very striking
-

immmgeq once they are produced they eventually shake down to a
number of Senuahrc el lineg -amé we're just/::r;hebeginning of understanding
how to control this and what it takes to produce a balmced-wtype that
is able to be well adapted to the circumstances of tissue culture like of
any one kind. I think you can see what can lie behind thag'by way of very

detailed manipulations not of the molecular biological level, but at the level

of chromosomeg introduction for producing new genotypes. Combine that again

Nt A LS '
with ausisax transplantation and we really do have -~ ., "+l genetic
engineering on a very large scale. ~

Up to a few years ago I think gametic selection would have b}e{;

A

near the top of the list of anyone who wanted to look past the usu’}.’!n opera-
S/

tion of contrived somatic selection that is the ordinaly forms 6f selection

of somatic phenotypes. This is, in fact, turned out to e almost the

least promising of all. It does look as if the gamate are expeesssing

a very small pswportion of all of their genes and 4f you manipulate a gameton
being in such a way that it tells you what itg“existing genotype is, at the

moment at least, you've removed the possipility of using that same gamete

for any other purpose, for fertilization or whatever. But I think wm before
we reach too rapidly at the very ineffective methods that are now being proposed,
that would have been proposed’in the last 40 years for gax uqzeﬁemipula-
tion in man we could g:l}y some consideration to the possibility of inducing

or the proces (s and using somesort of somatic selection on

those cells in oxder to find those genotypes which are appropriate for use

as germ cel This sounds so weak these days by comparison with the other

kinds of ‘engineering eperations that are starting right before us that I << %"

hesigfte to mention it.
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Cﬂ’ And I'm sure that any of you to this kind of joint psychedelic exercise
would be able to add some of your own experiencef many other ways in which
we could contrive to do a considerable amount of genetic engineering in man

if we just remember that man is an organism and not very different from your
in
own typical subject of emrimtd investigation, except thak/his resistance

W
to being experimented with. Cell and tissue culture smb-that resistance
work
seems to dissapear and you can do a lot of your anticijatpry/without running

Wff/locisl interdiction, Howewer I so far stress what I called eugenic

.’Q

effectl' mgeninal modifications and I wonder about

the long-term relexwmpse of that distinction. Now it's a little hard for
geneticist to play it downQ our image, our unique distinctions from all the
rest of the biologists is our ability to foist that simz distinction on all
the rest of us, What is genetic and germinal is something YRIX, very
different from vhat is somatic developmental. There is something permanent
about the mlwa%pects of an organism. But I'm not sure whether this
vill/::zou obsolete in the framework of A«riwxt )%M/W Lo—a-degree of~

'Ehc reasoning I would put forward is along the same line$that you would now
regard certain genetic differences as already substantially irrelevant in man.

I hope, for example, that the amount of hair on my haidd, which I do believe

is under some genetic control, really is not very important because I can

wear ik a cap.and-we—san-aske-mucirwore-vophristiestad-kinds.af contrizaness
Wedl—

to-taks-place.of what qur.hiocloglesl-endenment.isas . Iaf-tmlv—th-\‘dn-a

CXANPLO~ 06t SOt AP b SUL S S A kB LRI O] ACQUAL NS £ N ALD.o.o

qc(o/

andedeuontizalobotstomsmn—The—expent—to-—wirith- culture replaces biological
endowvment in the conduct of our own afairs. The more we learn about

development the s deeper that's going to be. The medical example of this
ﬁare well known and are sometimes d¢ W . It's also less unfortumste——

t 1
now if I'm a diabetic because we know about énsulin and better ensulins have
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come along, other kinds of drugs have come along, we sort of on the edge of
thinking about using cell transplants to take the place of a failed

lung and s0 on. And while this will entail a certain amount of
extra cost it's just part of the cost of keeping civilization going that
we become dependent on it in so many ways.a’%kl-l- ;ELI is -sest~ef the lowest
level of genotypic irrelevance, the technicological substitutiom of other
kinds of artifices to the things we uskally depend on. It isn't tertibly
important that we have great strength anymore, we have machines to take
their place. We have asutomobiles to take the place of/mg, and so on and

s %
so forth. (There are some, aspects to good legs.) The-point~Iwoutd-+12¥

Lo stress, : ‘t

~4o-that _

this kind of developmental intervention and jw-order—teo—stvese how firmly
opposed it is to eugenics ,I try to coin a sufficiently opposite name, so
I thought “cuphcnicl: but euphenics is really the same thing as medicine.

Cﬁr Euphenics is beginning to acquire the kind of resources that make it
relevant to the most fundamental aspects of humsan persomnality. Now here,
or all things I've talked about so flt) m:'into insignificance by
comparison with the one thing that distinguishes man from the other species g
and that is his brain. We are just beginning to get the faintest gla-oo-t'w"#‘(
of what it is that controls the dmlqpunt of the brain. And the things
we do as soon as we do understand that control, as soom as we know which
homnesﬁji:v/olnd in programming the development of the brain, what relevance
will bhere be to the existing assortment of genes that comtrol the count of
neurons that we might have or the other much more complicated vays to
determine what our performance on an IQ test is going to be., We so far

just do not intervene at all, we don't even provide reasonable support for

the most important of our developmental processes. Mostly because we don't

* L‘~<.’/Z<.a_—e Sogan Mﬂ-@"-&f«-—-ﬁ«« <ol
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understand it at all. We are just beginning to investigate it, we have such
fiadings as one nerve growth factor finally being gotten out in reasonabjy pure
form, some understanding of its nature as a protein hormone. We are obliged
to believe that a similar kind of programming is going to apply to the central
nervous system generally., Not only will existing genotypes for the develop-
ment of intelligence We irrelevent, it's to be expected that there will be
W A;%fects. We ﬂnow talitredl our estimate of genotypic performance
in terms éf=what happens in the relatively uncontrolled situation of a normal
gestation with no external hormone control of brain development, amd g fact,
until reasonably recently it was rather important that the child not be born
with too large a brain, because if he did he'd run into obstetrical clff:lcultie-.'
Well these are all points that we of course can get around to in considerable
extent by medical and surgical intervention and there will be no relatiomship
between the response of the endo&g{nous development of the organism, which

is what is now -euured) and what will happen when we are putting in an

explicit ptogin. We can use variations of gemotype as a control brain
development to learn a great deal abpﬁt the development of the brain, Imeem
t:ré.‘l_:e th.&enylalanine o ts‘M -e!ntal development is one of the kind of

things we can't afford to ignore. But I can see very little place for s

measuréd any what will happen hen we are pfitting 19’ an '

, , R
We can us v}ir:lations of g Me as /A control /brain '

t toj learfi a great deal about the dew lulpnent of the\brain. I
e k E ) \\,

hY
' 1
treasuring too much the existing genotypes for a-menth's intellectual

performance in terms of their probable relevance to the controll workd of
>

Y
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brain development.

Now there are going to be some paradoxes and délemmas in this field
as there are anywhere else. There's a price to be paid for almost any kind
of advance and here we're talking about something that sort of happened
yesterday also. There are some fascinating reports from Dr, Money's labora-
| tory, John Hopkins, about the impact of hommonal virilization on intellectuail
development. Though his data really are not very good, I'll pretenﬂ that
they are, They are just hints; you really can't rely on them as being
affirmative truths.For intellectual development the situtation is must too
complicated for that té happen easily. But these are pointed at series of
cases for which there has been either a natural accident, for example the
idiopathic virilization syndrome in which girls with an excessive output of
ﬁ:::;:lﬁfsi, where in fact there has been a;fgntrived euphenic intervention
where little girls were exposed to 3 t their ewen while in utero in order
to have them be born at all. This is thexpxmx DiusdiraT indicated as a

meaas of sustalning a pregnancy in the face of a threatened abortion on the

part of the mother. It has been known for some time that the administration

of this hormone could lead to anatomical J::Efiikﬁhgtizila or development

o surgically
of excessively large cAfavles which could be :aunngenbosdyx diminished

wIFnt

and—theugh—-denete important evidence that this resulted in any deleterious
Money has

changes in leter development. Well, mamxxikzws found two things about some
of these girld as they grew up to be young women. First of all, by the
kinds of tests that as a psychologist he Was able to administer, they were
tomboys. They had adopted a masculine point-of-view about the world and
if this mexplicit influence of a hormone and the parts of the brain that
are concerned with gender identification, it will of course be of extra-
ordinary interest in that light alone. Now, life is too complicated to

draw sauch a simple conclusion. Of course the parents of these girld knew

something about their history, and they've learned something about it them—

selves, and we don't know to what extent the social milieu was the vehicle
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psychological
for thisﬂéggs immuni;éf}éﬁ) Together with that I think none of you might be

3
too surprised to find that they also had an exaltation of their IQ's. The

reason one shouldn't be surpriksed is thatwith the biological endowment of a
complete set of X chromosomes and with some of the pagnacity of the male, how

H
can you beat that kind of female! Well, there's already enough of a hint that

this workd that I-Mon't knou if there are any pregnant women here tonight, -but
~thet some of w

I'd-be-susprised/you 't template trying to masculinize fetéses at
[y if:a:§,con emplate trying culinize your fe a

the present time, particularly if you knew that they were girls! Thatle—why

cn':ge have a culture that recognizes male values very much more than it does
female, and most of/::;enic efforts are dedicated to producing super man and
the hell with the women. (Are you going to go 31029 with that or not?)

d Until we can resdlve that very simple issue of human values as to whether
we have a bisexual soclety or a unisexual society in fact, I think we have
to be very restrained about the other interventions that we want to mmke in
human performance. And I should perhaps also remind you that everyting by
which we now calibrate human genotypes is in the framework of our.existing
culture, our existing educational system, and all of the rest of it, -amd
gpe of these days we are going to find out something about education, and
I wonder then if any of the ground rules of that calibration are going to
be relevant at all,along the same lines of argument that I had with respect
to euphenics.

I would like to revert to the main thrust of Dr. Niremberg's concerns,
and that is, should we wait to use genetic messages for the programming
of human cells until we can understand all of the condequences and be able
to make a final judgement about human betternent? I would reiterate my

concern about rash irrevocabidity of any of the steps we take, and I would

like to ask for the most sympathetic consideration and for the most savage
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intellectural criticism of individual experiments that go to the roots of
human nature. Unless, in fact, we do use genetic messages in an intelligent
way to do these kinds of experiments, you will never learn anything about
man himself and we will have no future other thanlzgzowment that we received

at the time that intelligence first appeared in the species., I do not think

we want to characterize ourselves as man, the uniquely conservative animal,

Thank you.



