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DNA was discovered hy the German pathologist 
hlicschcr in 1865. It way found 
mtro wnou substance of very 
\\eig It whwh formed string\, threa b 
;und was somehow associatea with the nuclei of 
Irving cells. 

lSut it rook almost another 75 years for proof that 
DNA. rather than the protein and other substances- 
in cell nuclei and chron~~son~es, was responsible for 
determinin 1 the genetic characteristics of the cell 
and. indec!j 1‘ I o a I organisms. This discovery in 
I9U ,,romp;l\~timlllatetl much more incisive re- 
search into the structure of DNA. culminating nine 
!‘ears later in the famous double Mix. a structure 
proposed hy Watson and Crick on the basis of the 
inugcs produced when X-rays are scattered 1) 
spec~n~ens of 0N.4. 

0uring the last thirt\, years. research into man)’ 
new methds of che&&l analysis and for the 
manipulation of seqments nf DNkhas been carried 
011 111 laboratories throughout the world. Today we 
have a fairly comprehensive picture of the wav this 
muter substance IS nccuratel re woduced it the 
tnnment of cell division in or d I, er t at the informa- 
tion of the went is preciseI\, and accurately dis- 
tributed to kth dautjhter cells. 

Scientists also soug >t to relate their findings on 
tllc IINA of simple viruses and bacteria to more 
cowplex organisms, including human cells. A fur- 
tbcr consequence of UN.4 rcsearch has. therefore, 
been the enrwhment of u hat we Linow about the 
SClleral biolog!. of simpler orynni,rns as well as the 
~Ilhxkddr structwcs conunon to di ‘forms of hfe. 

At the present time. scientists believe that on1 
abad 170 of the DNA in our body is information J - 

Iy active. The function of the rcnuinilq 99% is 
ohwore: it may simply bc “fillcr.“Thc one percent. 
which contains about 30.000.0oc) nrrcleotides in 
our 23 pairs of chromo~omcs, is wff~cicnt to pro- 
vide the inforrn;lliollal code for about 100.000 dis- 
tlnct proteins. The con~pl<~sity of the research txsk 
before us can be meawrcd by the fact that wc no\\’ 
have detailed knowledge of less than 1.000 of these 
proteins. 

The scientific task before us can Ix cornpared to 
rearran ring a haystack. every straw of which is im- 
portant bt wt only one of which may correspond to 
the partu&u protcrn in which we are interested. 
One of the important rerellt advances in genetic 
engineering has heen the ability to cut up or seg- 
ment the hu e DNA filament into a large number 
of manageabye “straws .. each of them containmg a 
limited number of g&x or units encoding a sin& 
protein. A famihar task in mnny laboratories to&v’ 
is to search for one xwticular straw in the huge 
haystack-a search t \, at has been successful id- 
ready in synthesizing ~1x1~ important substances as 
insuhn and interferon. The mobt exciting applica- 
tions of this technology are iu the preparation. on 
a large scale, of human roteins which would other- 
wise be extremely cost y, if not Impossible. to pro- F. 
cure. 

Insulin. Insulin may be the first of these proteins on 
the pharmaceutical market. There is already a well- 
authentwated demand for it and there are a large 
mm&x of diabetic patients who can benefit. ‘Io- 
day. insulin is procured almost entirely from the 
pancreases of pigs, guts. or cattle and these sub- 
stances, althou rh closelv related. are not identical 
to human insu In. While most scientists beheve P. 
there will be definite advantages in using a sub- 
stance identical with human insulin in )Ince of its 
animal equivalents (.md it is most UII ikelv that \. 
there wi,ll be any disadvantages!), this will hot be 
known for surf until large-scale production alld 
trial of biosynthetic insuliu is achieved during the 
nest few years. 

Interfe*O*. A far more precious substance than in- 
sulin. smce it C:UI be produced oni!~ m microgram 
quantities even from large qtwltitles of tiswe cells. 
is interferon. It is certarnl effectwe in mltig~lting 
some virus infectious and h LU had some promising 
results in the treatment of some forms of cancer. 
However. we will not know its full a plicabillty in 
medicine untrl it also is avarlable on a arge scale for P 
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clinical trial and a plication. One of the more im- 
portant finding abut interferon is that it rere- 
sents a rather arge class of substances rather t an 
one. and this encourages optimism that several 
variant forms of interferon will be found. each of 
them perhaps having an important role in medi- 
cine. 

Other Applications. Resides these human proteins. 
genetic technology will produce an ever-increas- 
ing number of vaccines that would otherwise be 
most difficult to obtain. A vaccine for hoof-and- 
mouth disease (a serious affliction of cattle) is al- 
ready in test. Improved vaccines for hepatitis and 
influenza will certainly be in clinical trials in the 
very near future. Vaccines for difficult diseases !ike 

f 
o&rhea and malaria are more speculative. but 

eads toward their development are promising and 
particularly important because they would b&very 
difficult to produce by other ap roaches. 

The engineering of microbi$ strains will also 
have im 
chemicagf) 

rtant applications in the energy and 
Industries. For example. we are seein 

even more efficient ways to produce fuel alcoho, H 
not onlv from corn starch but also from cellulose 

tions in this sphere. 
- DNA technolo 

ft 
y for plant cells is less advanced. 

but together wit other innovations. it also prom- 
ises a revolution in plant breeding. This will result 

. in new crops, enhance theefficiency of fertilizer. 
and develop croplands that are now marginal. With 
the looming pressures of 
in manv parts of the war d:and the precariousness p” 

pulation on food supply 

of reseives which could be imperiled by one or a 
few bad crop years, these pron<isiny developments 
ma\’ come none toa soon to protect mankind 
aga’inst recurrent catastrophe. - 

Genetic and the Law. These developments have 

6. 
roceeded so quickly that we are still catching our 
reath wtth respect to the le al and institutIonal 

framework which will mold t IS progress. Ques- 8. 
tions like the proper place of patent rights in SF- 
cifically “engineered’ microorganisms; the relative 

roles of government, the universities. and of indus- 
try; the conflicts that will arise as behveen the dif- 
ferent legal systems ofdifferent countries in a large 
international market-these are some of the issues 
that wili be at the center of attention during the 
next decade. 

Although ublic attention naturally focuses on 
technologic s advances that have prompt practical 
applications. these may not be the most important 
result of the new genetics. The same research that 
has such value for industry is equally indispensible 
for the rapid unraveling of man 

r 
scientific uzzles. 

Already very important new in orrnation a &out the 
genetic basis of antibody formation, and its aberra- 
tions constituting a whole family of immunolo ical 
diseases, has been found. The evolution o H the 
aberrant genes that are connected with sickle cell 
and other hemoglobin diseases has been traced. 
Very important Advances in our understanding of 
cancer as a lesion within the DNA of afflicted cells 
permittin them to escape normal bodily re 

tee 
da- 

tion have n made. There is no aspect of em % ry- 
onic development and of aging that is not 
profitabl 
tools: *n d 

bemg studied with these more powerful 
we can soon expect revolutions of insi ht 

that will be even more important than the rem u- ‘1 
tions of production in the field of biology. 

The DNA technologies have alread shown that 
it is possible to find molecular labels or mdwdual 

{. 

chromosomes. This can be done to such an extent 
that we will soon be able to trace in a given 
gree exactly which offspring have receive Bed’: seg 
mentr of which chromosomes. It will then be 

ssible to trace correlations of 
I? 

enetic factors like 
eart drsease or intelligence t rough 73 particular 

chromosomal labels. Once this is done, we will be 

design mdwl u educatronal strate les. Probably 
able to ,hel,p,role to ayoid specificze: :;ietro 

far more im 
R” 

rtant, we all gain a 
standing of t e development of these traits. 

Paradoxically. the most important application of 
this insight is not to do genetics but to rmnrcend 
genetics. At the point that we understand the op- 
eration of a specific genetic factor in the deveio 
ment of the individual. we can design R t e 
environmental interventions that can corn 

gins his existence. 
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