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A few years ago a t  the  Smithsonian I n s t i t u t i o n ' s  
National Museum of American History, an exhibition 
en t i t l ed  "The Changing American Farm: 1831-1981" 
celebrated the one-hundred-f i f t i e t h  anniversary 
of Cyrus McCormickls invention of the reaper,  and 
more broadly, America's vaunted agricul tural  pro- 
duc t iv i ty .  Various displays recounted the h i s t -  
or ical  progression of mostly mechanical techno- 
logy tha t  has made the U.S. farmer the envy of 
the world: McCormickl s  reaper,  John Deere's s teel  
plow of 1837, Benjami n Hol t ' s  horse-drawn combi ne 
of the  18801s,  Henry Ford's t r a c t o r  of 1917, the  
sel f-propel1 ed combine of 1938, the spindle cotton 
picker of 1943, and International Harvester 's  
Axial-Flow combine of 1977. 

This technology has helped make the United States  
a  world leader in food production. In 1800, fo r  
example, i t  took 373 manhours t o  produce 100 
bushels of wheat. Today i t  takes l e s s  than nine 
manhours to  produce the same quantity.  In 1900, 
one U.S .  farmer suppl ied seven other people with 
food, f i b e r ,  and other agricul tural  products, 
Today the average U.S. farmer supplies more than 
75 people. 

Of course, t h i s  impressive productivity i s  not 
the r e su l t  of mechanical invention alone, b u t  
a1 so of s c i e n t i f i c  advances in plant breeding, 
l ivestock genet ics ,  f e r t i l i z e r  and pest ic ide use, 
i r r i ga t ion  technology, and improved farm manage- 
ment practices generally.  

Because of the interplay of genet ics ,  f e r t i l  i z -  
e r s ,  and pest ic ides ,  f o r  example, corn yields  
have increased about a  bushel per acre every 
year since 1930--from an average yield then of 
40 bushels per acre to  more than 100 bushels per 
acre today. Similar productivity gains have 
been made in 1 ivestock. A 1  though the U.S. dairy 
herd has been cut in half since 1950, i t  produces 
the same to ta l  amount of milk on one-third l e s s  

feed. In a1 1 areas of plant and animal agr i -  
cu l ture ,  "science power" has been the driving 
force behind steadi 1 y  increasing yields . Our 
modern agricul tural  system and methods a re  now 
exported and propounded worldwide. 

A VULNERABLE SYSTEM 

Modern agricul tu re ,  however, i s  high-pedigree 
agr icu l ture ;  i t  i s  a  pampered system tha t  i s  
tended and maintained by techno1 ogy and driven 
to  perform a t  peak leve ls .  In t ha t  sense our 
agricul tural  system might be compared to a  
thoroughbred race horse. I t  i s  a  system b u i l t  
increasingly on hybrid crops and 1 ivestock, 
heavy inputs of f e r t i l i z e r ,  an t ib io t i c s ,  water, 
and pest ic ides ,  a  system tha t  i s  c a p i t a l ,  
energy, and technology intensive.  I t  i s ,  in 
shor t ,  a  demanding, high-strung system. 

As such, i t  has i t s  dependencies, i t s  s ide 
e f f ec t s ,  and i t s  vul nerabi 1  i  t i e s .  Because 
many of the inputs t ha t  sustain modern agr i -  
cul ture  are petrol eum-based and mechanical 1 y  
administered, agr icu l ture  has become energy 
dependent--with the high costs  and insecur i t ies  
such dependency e n t a i l s .  Despite dramatic 
hikes in nitrogen prices since the 1970s, heavy 
use of nitrogen f e r t i l  i z e r  continues, with 
attendant problems of runoff and groundwater 
contamination. Nitrates and n i t r i t e s  from fer -  
t i 1  i ze r  runoff have i n f i l t r a t e d  some drinking 
water supplies,  posing a  health t h r e a t ,  especi- 
a l l y  t o  young children. Pest ic ides ,  too, a re  
increasingly suspected as carcinogens and 
mutagens, in addition to  t h e i r  well-known dele- 
ter ious e f f ec t s  on beneficial  insects  and wild- 
1 i f e .  Moreover, despi te  our heavy use of pest- 
icides and herbicides,  nearly 40 percent of 
U.S. crops a re  s t i l l  l o s t  t o  diseases and pests 
-13 percent t o  insec ts ,  12 percent t o  plant 
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pathogens, and 12 percent to  competing weeds. combat agr icu l tu ra l  pes t s .  Genet ical ly  im- 
proved herds of da i ry  cows and beef c a t t l e ,  a s  

Monocultures of hybrid corn and Holstein cows we1 1 as. hogs ,poul t r y ,  and sheep, may produce 
have been and continue t o  be highly vulnerable t o  more O n  l e s s  feed.  Work i s  a l s o  under way on 
disease  and pes t i l ence .  The ex ten t  of these  vul- crops t h a t  a r e  more t o l e r an t  of hea t ,  co ld ,  
n e r a b i l i t i e s  has been p a r t l y  masked by surplus  drought, f looding,  and s a l t y  s o i l s ,  and on crop 
s tocks ,  crop subs t i t u t i ons ,  and, in  some cases ,  p lan t s  t h a t  a r e  r e s i s t a n t  t o  herbic ides  and 
sheer luck. Nonetheless, the  1 i s t  of actual  pes t i c ides  o r  t h a t  have improved response t o  
epidemics and near ca lami t ies  in the  past  15 f e r t i l i z e r .  Some biotechnologis ts  promise a  
years i s  subs tan t ia l  : the  southern corn l e a f -  new genet ic  d i v e r s i t y  throughout plant  and 
b l igh t  of 1970-71, c i t r u s  canker i n f e s t a t i on  in animal ag r i cu l t u r e ,  lower cos t s  and higher 
Flor ida ,  avian influenza in the  mid-Atlantic p r o f i t s  f o r  farmers, and b e t t e r  crops and l ive -  
poul t r y  s t a t e s ,  and the Mediterranean f r u i t  f l y ,  stock breeds f o r  t he  t h i r d  world. 
among o thers .  In add i t ion ,  the  per iodic  ravages 
of drought and f r o s t  can humble even the  strong- Indeed, the  promises being made in the  name of 
e s t  p lan t  va r i e t y .  Frost  damage a lone causes biotechnology a r e  subs t an t i a l ,  even though the  
some $1 b i l l  ion in  losses  annual'ly in  the  United science underlying these  app l ica t ions  i s  s t i l l  
S t a t e s ,  and $14 b i l l i o n  worldwide, uncer ta in .  Generally, we know l e s s  about 

plants  than we do about animals, in  
Genet ic is t  William L .  Brown, former par t  because federal  support f o r  
chairman of the  board of Pioneer Hi- cancer research has focused a t t en t i on  
Bred Internat ional  and now chairman of /lkeathoroughbred on animal c e l l  biology. Few genes in  
the National Academy of Sciences '  race horse, modern the  p lan t  realm have even been charac- 
Board on Agricul ture ,  has noted t h a t  agriculture is a t e r i z ed .  And when i t  comes t o  actual  
!hen our agr icul  tu ra l  system i s  r u n n -  demanding, high- genet ic  engineering,  s c i e n t i s t s  a r e  
ing r i g h t ,  i t s  performance i s  simply strung system, only beginning t o  discover how t o  mani- 
dazzling--"but watch out when some- nourished by pula te  single-gene t r a i t s ,  l e t  alone 
thing goes wrong." In 1983 something technologyanddriven funct ions  such as  nitrogen f i x a t i o n ,  
d i d  go wrong for  corn farmers in the  toperformatpeak be1 ieved to  be governed by 30 or  more 
Midwest: drought. "Many farmers in- levels. genes. 
curred 1  arge economic 1 osses ," Brown 
explained, "because t h e i r  investment B u t  assuming t h a t  the  s c i e n t i f i c  
in inputs t o  support a  150-bushel (per  ba r r i e r s  wi l l  be overcome--and advances 
ac re )  crop withered along with t h e i r  corn have been coming more rap id ly  than anyone ever 
p lan t s . "  Brown and others  have begun t o  r a i s e  thought they would even f i v e  years ago--the key 
concerns about the  v o l a t i l i t y  of our high-tech, question about agr icul  t u r a l  biotechnol ogy i s  , 
high-yield system. "As we o f f e r  t he  farmer in- How wil l  i t  be used? Will i t  simply add newer 
creasingly sophis t icated and cos t l y  technologi-  increments of pedigree improvement t o  the  high- 
cal packages, we inadver tent ly  exacerbate two tech ,  high-yield system t h a t  i s  a l ready in 
re la ted  sources of i n s t ab i l  i  t y  in ag r i cu l t u r e .  place--exacerbating i t s  vu lne r ab i l i t y ,  i t s  s ide  
High-yield production systems a r e  of ten more e f f e c t s ,  and i t s  v o l a t i l i t y ?  Or will i t  reduce 
v o l a t i l e  in terms of harvested production, and production cos t s  f o r  farmers, broaden the  
more e r r a t i ?  in terms of p r o f i t  f o r  the  farmer," genet ic  and economic base of ag r i cu l t u r e ,  and 
Brown says.  In o ther  words, t he  thoroughbred reduce negative environmental and public heal th  
runs well only when everything c l i c k s .  s i de  e f f e c t s ?  

Into t h i s  agr icu l tu ra l  system, with a l l  i t s  
s t reng ths ,  complexit ies,  and vul nerabil  i  t i e s - -  
both biological  and pol i  t i c a l  --comes biotechnol- 
ogy. We a r e  now poised on the threshold of a  
new era of agr icu l tu ra l  science and technology 
tha t  may bo l s t e r ,  f o r t i f y ,  and eventual ly  super- 
sede the t r ad i t i ona l  techniques of plant  and 
animal breeding, make obsolete  t h e  brute-force 
use of ag r i cu l t u r a l  chemicals, and increase  
product ivi ty  beyond anything ever dreamed o f .  

Recombinant D N A  and t i s s u e  cu l t u r e  techniques 
may o f f e r  new ways t o  enhance the  nu t r i t i ona l  
content of food and forage crops and t o  develop 
crops r e s i s t a n t  t o  insec t s  and disease .  Engin- 
eered biological  pes t i c ides  may a l so  be used t o  

With t h i s  new technology we a r e  a t  a  crossroads,  
and the path we choose may a f f e c t  not only the  
United S ta tes  b u t  much of world ag r i cu l t u r e .  
Our decisions on research d i rec t ion  and invest -  
ment must be made ca r e fu l l y  f o r  i f  commitments; 
of scarce  t a l e n t  and cap i t a l  a r e  made i n  one 
d i r ec t i on ,  we may foreclose  o ther  opt ions .  
Commerce and entrepreneuria l  genius have been 
a  dr iving fo rce  in ag r i cu l t u r a l  innovation and 
r i s i ng  product ivi ty  i n  the  pas t .  The fu ture  
d i rec t ion  of agr icu l tu ra l  biotechnology, 
however, should not be l e f t  t o  the  market alone. 
Thoughtful public po l i c i e s  a re  necessary t o  
ensure t h a t  promising options a re  pursued-- 
including those t h a t  a re  f inanc ia l  1 y  r i sky ,  
longer term, and perhaps not a s  commercially 
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DNA struclure 

DNA can be described as "a w i n d i n g  l a d d e r . "  

l u c r a t i v e .  We need t o  examine which h i s t o r i c a l l y  
negl ec ted  areas o f  a g r i c u l  t u r a l  research may 
p r o f i t  f rom gene t i c  engineer ing,  where scarce 
research d o l l a r s  should be p u t  f i r s t ,  t h e  
research r o l e  o f  t h e  U.S. Department o f  A g r i c u l -  
t u r e  (USDA) and l a n d  g r a n t  and p r i v a t e  u n i v e r s i -  
t i e s ,  and what new i n c e n t i v e s  m igh t  be c rea ted  t o  
encourage i n d u s t r y  t o  pursue products  i t  migh t  
o therwise  neg lec t  . 
As a  s t a r t  i n  t h a t  process, i t  w i l l  be he1 p f u l  
t o  examine what b io techno logy  may o r  may n o t  do 
i n  terms of i n c r e a s i n g  t h e  e f f i c i e n c y  o f  a g r i c u l -  
t u r a l  p roduc t i on  (and here I mean more empha- 
s i s  on p r o d u c t i v i t y  and l e s s  on gross ou tpu t  per  
ac re ) ,  reduc ing  farmers ' cos ts ,  reduc ing  a g r i  - 
chemical use, broadening g e n e t i c  d i v e r s i t y ,  and 
i nc reas ing  economic s t a b i l  i t y  i n  a g r i c u l t u r a l  
p roduc t i on  and w o r l d  markets.  

YIELD HAS BEEN THE GOAL 

I n  t h e  nex t  30 years  w o r l d  food p roduc t i on  w i l l  
have t o  double, i t  i s  est imated,  t o  meet demand. 
Th is  cha l lenge cannot be met w i t h o u t  s u b s t a n t i a l  
improvements i n  a g r i c u l t u r a l  y i e l d s .  Y i e l d  i s  
what farmers buy and what po l  i t i c a l  l eade rs  w i t h  
masses o f  people t o  feed hope most f o r  t h e i r  
s c i e n t i s t s  t o  achieve, whether b y  c l a s s i c a l  
breeding techniques,  t i s s u e  c u l t u r e  methods, o r  
gene t i c  eng ineer ing .  When R a j i v  Gandhi v i s i t e d  
t h e  Un i ted  Sta tes  i n  June 1985, i t  was n o t  t h e  
computer-based sc iences and r o b o t i c s  t h a t  im- 
pressed him the  most, b u t  r a t h e r  what b io tech -  
no logy  m igh t  do t o  he lp  him feed h i s  n a t i ~ n . ~  
The semi-dwarf wheat and r i c e  v a r i e t i e s  i n t r o -  
duced d u r i n g  t h e  Green Rev01 u t i o n  i n  t h e  1960s 
and 1970s helped p r o v i d e  I n d i a  w i t h  t h e  a b i l i t y  
t o  feed i t s e l f ;  Gandhi sees even g r e a t e r  possib-  
i l i t i e s  ahead w i t h  b io techno logy .  

Today t h e r e  i s  t a l k  o f  300-bushel per  ac re  co rn  
and sorghum, 200-bushel pe r  ac re  wheat and 
ba r ley ,  and 100-bushel pe r  ac re  soybeans-- 
double and t r i p l e  c u r r e n t  y i e l d s .  Crop y i e l d ,  
however, i s  a  composite o f  many p l a n t  processes 
rang ing from how s t rong  a  c r o p ' s  s t a l k  i s  t o  
t h e  mo lecu la r  i n t r i c a c i e s  o f  photosynthes is .  
High y i e l d  i s  n o t  s i m p l y  t h e  consequence o f  one 
gene b u t  o f  t h e  i : n tecac t i on  o f  many. 

When breeders and b io techno l  o g i  s t s  t a l  k o f  
improv ing  y i e l d ,  t h e y  i n v a r i a b l y  t a l k  o f  hy- 
b r i d i z a t i o n - - t h e  process o f  c ross ing  two 
d i f f e r e n t  p l a n t  v a r i e t i e s  o r  animal breeds t o  
o b t a i n  a  g e n e t i c a l l y  improved one. Corn and 
sorghum y i e l  ds , f o r  exampl e  , have increased 
more than 300 percent  s ince  t h e y  were hyb r id -  
i z e d  i n  t h e  1930s and 1940s. However, o t h e r  
major  crops l i k e  wheat and soybeans have been 
d i f f i c u l t  t o  h y b r i d i z e  b y  t r a d i t i o n a l  tech-  
niques, and produc ing  commercial q u a n t i t i e s  o f  
h y b r i d  seed from these crops i s  c o s t l y  and t ime  
-consuming . Now, however, b i  otechnol  ogy i s  
be ing  used t o  overcome some o f  these d i f f i c u l -  
t i e s .  

One company, P l a n t  Genetics, I nc .  o f  Davis, 
C a l i f o r n i a ,  i s  us ing  a  t i s s u e  c u l t u r e  technique 
known as somatic embryogenesis t o  produce 
c lones o f  a  hand-pol 1  i nated c e l e r y  h y b r i d .  I n  
t h i s  process t i n y  p l a n t  embryos a re  generated 
from t h e  h y b r i d  c e l e r y  t i s s u e  and then "batched 
up" b y  t h e  thousands i n  a  fe rmen ta t i on  process. 
These embryos, c a r r y i n g  t h e  d e s i r e d  t r a i t s  o f  
t he  parent  1  ine ,  a re  then encapsulated i n  a  
polymer seed coat  t o  be s o l d  as " s y n t h e t i c "  
h y b r i d  seeds. 

Ag r igene t i  cs Corpora t i  on o f  Boulder  , Colorado, 
has patented a  b io techno logy  process t h a t  
a l l o w s  f o r  t h e  r a p i d  development and commerial 
p roduc t i on  o f  h y b r i d  seed w i t h o u t  t h e  t r a d i -  
t i o n a l  l i m i t a t i o n s  on t h e  gene t i c  makeup o f  t h e  
parent  l i n e s .  Th i s  process, accord ing  t o  t h e  
company, pe rm i t s  one o r  bo th  o f  t h e  parent  
1  i n e s  t o  be g e n e t i c a l  1  y complex (heterozygous) 
r a t h e r  than i nb red  f o r  u n i f o r m i t y  (homozygous), 
p o t e n t i a l l y  reduc ing  t h e  t ime  needed t o  develop 
h y b r i d  seed. 

Biotechnology may a1 so he1 p  improve c rop y i e l d  
by improving t h e  e f f i c i e n c y  o f  c e r t a i n  b i o l o g i -  
ca l  processes i n  p l a n t  growth, such as photo- 
syn thes is .  Most a g r i c u l t u r a l  crops conve r t  1  ess 
than  1 percent  o f  t h e  energy they  absorb f rom 
t h e  sun, and even a  t i n y  increase i n  t h i s  con- 
v e r s i o n  process cou ld  mean a  s u b s t a n t i a l  inc rease 
i n  crop y i e l d .  The fede ra l  government and a  
few major  co rpo ra t i ons - - i nc lud ing  Dow Chemical, 
Monsanto, and E l i  L i l l y - - h a v e  been research ing  
t h e  gene t i cs  o f  photosynthes is .  S p e c i f i  ca l . ly ,  
t hey  a r e  examining t h e  genet ics  o f  ch lo ro -  
p l a s t s ,  t h e  s i t e  o f  photosynthes is  w i t h i n  t h e  
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c e l l .  Even tua l l y ,  i t  may be p o s s i b l e  t o  gene- supp l ies .  I n  1983, f o r  example, farmers spent 
t i c a l  l y  engineer these o rgane l l es  t o  improve $18 b i l l i o n  f o r  purchased feed, $7.4 b i l l i o n  f o r  
t h e  e f f i c i e n c y  o f  photosynthes is ,  a1 though f e r t i l i z e r ,  $4 b i l l  i o n  f o r  p e s t i c i d e s ,  $4 b i l l i o n  
the re  i s  s t i l l  a  l ong  way t o  go on t h i s  f r o n t .  f o r  seed, $9.8 b i l l i o n  f o r  fa rm machinery and 

$15.8 b i l l i o n  f o r  f u e l ,  l u b r i c a n t s ,  and machinery 
Other companies a re  concen t ra t i ng  t h e i r  e f f o r t s  up-keep. 
f o r  i nc reas ing  y i e l d  i n  one o r  more s p e c i f i c  
crops.  DuPont, f o r  example, has i n t e g r a t e d  i t s  The p r i c e s  p a i d  b y  farmers f o r  p roduc t i on  i n p u t s  
chemical growth r e g u l a t o r  research w i t h  i t s  have r i s e n  p r e c i p i t o u s l y  d u r i n g  t h e  l a s t  15 years 
p l a n t  b reed ing and p l a n t  b io techno logy  research o r  so. USDA's index f o r  general  p roduc t i on  i n -  
i n  an a t tempt  t o  achieve a  10 t o  15 percent  pu ts  shows a  doub l i ng  o f  p r i c e s  p a i d  b y  farmers 
y i e l d  i nc rease  i n  soybeans, accord ing  t o  between 1973 and 1983. For example, t h e  average 
G.D. H i l l  o f  t h e  company's a g r i c u l t u r a l  c o s t  per  farm o f  seed and p l a n t s  soared b y  164 
chemicals d i v i s i o n . 4  percent  between 1972 and 1977. Today a  mid- 

western co rn  farmer spends on the  average about 
$46 per  ac re  on f e r t i l i z e r ,  $17 p e r  ac re  on pes- 

"YIELD" REDEFINED t i c i d e s ,  $17 pe r  ac re  f o r  seed, and about $18 p e r  
ac re  f o r  f u e l .  C a p i t a l  investments can be sub- 

A1 t e r n a t i v e l y ,  b io techno logy  a1 so o f f e r s  t h e  s t a n t i a l  , too.  I r r i g a t i o n  investments i n  t h e  
p o s s i b i l i t y  o f  improving p r o d u c t i v i t y  w i t h o u t  Great P l a i n s  r e g i o n  were $103 pe r  acre  i n  1950, 
i nc reas ing  y i e l d  pe r  se - - i n  o t h e r  words, i n -  rose t o  $201 per  acre  b y  1970, and exceeded $500 
creas ing  t h e  e f f i c i e n c y  o f  p roduc t i on .  For per  ac re  by  1979. Some farmers a re  now spending 
example, some p l a n t s  produce n a t u r a l  molecules as much as $35,000 a  year  on he rb i c ides  and 
t h a t  repe l  i n s e c t s .  As Sam Dryden, p res iden t  $50,000 a  year  t o  power i r r i g a t i o n  systems. 
o f  Ag r igene t i  cs, says, eng ineer ing  R i s i n g  c o s t s  a r e  p a r t  o f  t h e  reason 
such t r a i t s  i n t o  a g r i  c u l  t u r a l  crops. why many farmers a r e  now i n  economic 
"cou ld  be severa l  o rde rs  o f  magnitude t r o u b l  e. 
more c o s t  e f f e c t i v e  than t r a d i t i o n a l  
chemical approaches t o  formul  a t i  ng , Reversing the high- W i l l  b i o techno logy  change t h a t ?  
manufactur ing,  and app ly ing  b ioc ides . "  ~ieldorientationof Because b io techno logy  i s  capable o f  
Th is  approach, however, m igh t  a1 so r e -  U-S-agriculture, even t u r n i n g  o u t  c e r t a i n  k inds  of p l a n t  
duce y i  e l  d  somewhat. "The added va lue  with a powerful tool c lones i n  t h e  m i l  1  i ons  o r  producing 
i n  t h i s  case may be one o f  c o s t  r e -  like biotechnology, 1  i v e s t o c k  vaccines i n  huge q u a n t i t i e s  
d u c t i o n  [ e l  i m i n a t i  ng t h e  need f o r  i n -  willbe difficult inded. f o r  pennies, i t  should, presumably, be 
s e c t i c i d e  a p p l i c a t i o n ] ,  n o t  o f  i n -  ab le  t o  d e l i v e r  lower  c o s t  seed, feed, 
creased ha rves t  index [ y i e l d ] , "  ex- and p e s t i c i d e s .  And i n s o f a r  as t h e  
p l a i n s  Dryden. " I n  any case, we gene i s  t h e  c e n t r a l  i n g r e d i e n t  o f  
should be he1 ped i f  we r e f i n e d  ou r  use a g r i c u l  tu re- -de termi  n i  ng t o  a  1  arge 
o f  t h e  word ' y i e l d '  t o  mean r e t u r n  on e x t e n t  whether-, o r  t o  what degree, 
investment  r a t h e r  than as measure o f  gross b i o -  supplementary i n g r e d i e n t s  such as f e r t i  1  i z e r ,  
mass p e r  acre."5 p e s t i c i d e s ,  o r  water  w i l l  be needed--"bui ld ing 

i n "  t r a i t s  t h a t  make crops h a r d i e r  and ab le  t o  
That may be e a s i e r  sa id  than done, however. I n  r e s i s t  pes ts  should presumably do away w i t h  t h e  
t h e  Un i ted  States,  as we1 1  as i n  many o t h e r  need f o r  some expensive supplements and c a p i t a l  
coun t r i es ,  p l a n t  breeding programs, farm manage- equipment. 
ment p r a c t i c e s ,  p r i c e  support  formulas,  farm 
c r e d i t ,  and agr ibus iness  product  development a r e  "Imagine a  s t r a i n  o f  wheat t h a t  grows w e l l  i n  t h e  
a1 1  p red i ca ted  on h i g h - y i e l d  a g r i c u l t u r e .  Re- d r y  lands o f  western Kansas--wi t h o u t  heavy irri- 
ve rs ing  t h a t  h i g h - y i e l d  o r i e n t a t i o n ,  even w i t h  gat ion,"  s a i d  N icho las  Reding, Monsanto's execu- 
a  powerfu l  t o o l  l i k e  b io techno logy ,  w i l l  be t i v e  v i ce -p res iden t ,  a t  a  January 1984 meet ing o f  
d i f f i c u l t  indeed. Rather, b io techno logy  i s  more t h e  Kansas Board o f  A g r i c u l t u r e .  " O r  a  corn  
l i k e l y  t o  be used t o  make the  thoroughbred r u n  p l a n t  t h a t  f i x e s  i t s  own n i t rogen .  O r  soybean 
f a s t e r ,  o r  produce more, than i t  i s  t o  make i t  p l a n t  t h a t -  have even h ighe r  p r o t e i n ,  o r  d o n ' t  
s t ronger  and more durab le .  need t o  be processed be fo re  animal consumption. 

O r  c a t t l e  t h a t  conver t  p r o t e i n  t o  meat w i t h  an 
e f f i c i e n c y  we o n l y  dream about  today . . . These 

HIGH COSTS OF US. AGRICULTURE new techno log ies ,  l i k e  those o f  t h e  pas t ,  w i l l  
g i v e  American farmers t h e  edge they  need t o  r e -  

Biotechnology,  as noted above, may o f f e r  new main t h e  most p r o d u c t i v e  i n  t h e  wor ld . "  
o p p o r t u n i t i e s  t o  reduce farmers ' costs--and 
those cos ts  a re  s u b s t a n t i a l .  I n  t h e  aggregate 
U.S. farmers spend n e a r l y  t w o - t h i r d s  o f  t h e i r  continued on page 8 

cash r e c e i p t s  each year  t o  purchase farm 



BIOTECHNOLOGY: The 
What k DNA? 

DNA-deoxyribonucleic acid-is the genetic 
material found in all living organisms. The 
characteristics of every living organism can be traced 
to the code of its DNA. Recombinant DNA, [rDNA), is 
both the process of combining the DNA of different 
organisms and the product of this process. 

What do g m s  do? 
The genetic code is present in every cell of every 

organism. Depending on the cell's particular function, 
the code tells the cell what to do, how to act, and when 
to do it. For example, the human body has a gene, or 
several genes, that tell cells when to grow. Normally, 
this gene is bnm until a person reaches their early 
twenties or late teens. Then, another gene tells the 
body to stop producing the chain of reactions that 
stimulate growth, and the gene turns 'ofP. 

How do genes worKl 
Each gene produces an enzyme that contributes to a 

chain reaction; ultimately, normal functioning of the 
body is the result of a series of chain reactions. Another 
way to imagine how genes work would be to think of 
genes working together to create a domino effect 
Generally, no one gene is responsible for a single action 

What is cbnhg? 
Cloning occurs as a result of isolating the DNA 

within certain, specific genes. DNA is isolated by us- 
ing 'restriction enzymes,' that separate segments of 
DNA from its longer strand. These segments are then 
transferred into bacteria. By this process, specific 
segments of DNA can be patched into the genetic code 
of other organisms. 

Bacteria provides an especially hospitable habitat 
for cloning, because it is able to multiply rapidly. 
Since the piece of transferred DNA has been im- 
planted into the bacterium's permanent genetic code, 
it is reproduced exactly through every generation of 
bacteria. When the bacteria are grown in large enough 
batches, the products from the new gene can be 
harvested and purified. 

Terms of the Trade 
What k ~~ 

People often use the terms biotechnology. genetic 
engineering, and recombinant DNA (rDNA) inter- 
changeably. Actually they describe different 
classifications of activities in biology. Biotechnology 
is the broadest category. It describes both old and new 
techniques of manipulating organisms for specific 
purposes. According to a 1984 Office of Technology 
Assessment Report, biotechnology includes any 
technique % a t  uses living organisms (or parts of 
organisms) to make or modify products, to improve 
plants and animals, or to develop rnicrowganisms for 
specific uses." 

What is somatlc p e  therapy and how does R dllfer from germhe 
gene therapy? 

The idea behind somatic therapy is to replace genes 
whose absence or defectiveness causes genetic 
diseases (like cystic fibrosis or Huntington's disease). 
Scientists first remove the genetic code from a type of 
virus called a retrovirus, which is compatible with 
bone marrow cells, and substitute genetic material 
from a healthy gene. The altered virus is injected into 
the bone marmw, where it multiplies and forms 
healthy pone marrow cells. The bone marrow is then 
able to produce blood cells with healthy genes, which 
in turn produce the enzymes necessary for a normal 
metabolic process. Although still in the experimental 
stages, somatic therapy has been tested with success 
in laboratory animals. 

Most authorities believe that genetic changes mede 
in somatic therapy do not get passed on to generations 
via the sex-alled 'germw-cells. 

The other, more controversial gene therapy would 
involve changing the genetic make up of the genes 
carried in germ cells. While germcell alterations 
could reduce inherited genetic diseases, in the far- 
reaching future it could have the potential to alter 
genes that determine the hair and eye color, sex, and 
intelligence of an offspring. Both scientists and 
ethicists debate the consequences of germal l  
therapy, questioning the morality of tampering with 
already healthy genes. 0 
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